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AMERICAN    PUBLISHER'S 
ADVERTISEMENT. 


SO  recent  and  so  thorough  has  been  the  revision  which  this  work 
has  enjoyed  at  the  hands  of  the  English  Editors,  that  but 
little  has  remained  to  be  done  in  preparing  the  present  reprint ; 
while  the  enlargement  which  the  volume  has  necessarily  under- 
gone, in  the  introduction  of  the  most  modern  views  and  discov- 
eries, has  rendered  it  advisable  to  confine  the  additions  to  as 
moderate  a  compass  as  possible.  The  American  Editor  has  there- 
fore added  but  few  notes,  together  with  a  number  of  illustrations, 
and  has  directed  his  attention  rather  to  secure  the  accuracy  so 
essential  to  a  treatise  of  this  nature.  Especial  care  has  been 
devoted  to  the  formulae,  and  errors  have  been  corrected  wherever 
a  minute  supervision  has  been  able  to  detect  them. 

In  its  present  enlarged  and  improved  form,  it  is  hoped  that 
the  work  fairly  represents  the  existing  condition  of  the  science, 
and  that  it  may  be  found  worthy  a  continuance  of  the  very 
remarkable  favor  which  it  has  so  long  enjoyed. 

Philadelphia,  May,  1869. 


ADVERTISEMENT 

TO 

THE   TENTH    EDITION. 


rIE  rapid  progress  of  chemical  discovery  during  the  last  few  years 
has  rendered  it  necessary  to  make  considerable  alterations  and 
additions  in  almost  every  part  of  the  present  Edition. 

The  chapter  on  the  General  Principles  of  Chemical  Philosophy  has 
been  re-written. 

Some  considerable  additions » have  been  made  to  the  descriptions  of 
the  metals,  especially  those  of  rarer  occurrence,  several  of  which  have 
acquired  greatly  increased  importance  by  the  more  exact  investigations 
of  late  years.  The  distinguishing  reactions  of  the  several  metals  are 
also  given  more  fully  than  in  former  editions. 

The  greater  part  of  the  Organic  Chemistry  has  been  re-written,  espe- 
cially the  sections  relating  to  the  Hydrocarbons,  Alcohols,  and  Acids, 
upon  which  great  light  has  been  thrown  by  recent  investigations. 

The  section  on  Animal  Chemistry  has  been  entirely  revised. 

The  Atomic  Weights  used  in  this  Edition  are  those  which  are  now 
almost  universally  received  among  Chemists,  and  the  Notation  has 
been  altered  in  accordance  with  them. 

The  Nomenclature  has  been  simplified  by  discarding  the  word  "of" 
in  the  names  of  salts,  &c.,  using,  for  example,  the  term  "silver  nitrate" 
instead  of  "  nitrate  of  silver." 

The  Weights  and  Measures  used  are  those  of  the  French  decimal 
system ;  and  Temperatures  are  expressed  on  the  Centigrade  scale,  ex- 
cepting where  the  contrary  is  expressly  stated.  A  comparative  Table 
of  the  two  scales  is  given  at  the  end  of  the  volume. 

H.  Bence  Jones. 
Henry  Watts. 

Loitdon,  October,  1868. 


ADVERTISEMENT 

TO 

THE    THIRD    EDITION. 


THE  correction  of  this  Edition  for  the  Press  was  the  daily 
occupation  of  Professor  Fownes,  until  a  few  houre  pre- 
vious to  his  death  in  January,  1849. 

His  wish  and  his  endeavor,  as  seen  in  his  manuscript,  were  to 
render  it  as  perfect  and  as  minutely  accurate  as  possible. 

When  he  had  finished  the  most  important  part  of  the  Organic 
Chemistry,  where  the  most  additions  were  required,  he  told  me 
he  should  "  do  no  more,"  —  he  had  "  finished  his  work." 

At  his  request  I  have  corrected  the  Press  throughout,  and  made 
a  few  alterations  that  appeared  desirable  in  the  only  part  which 
he  had  left  unaltered,  the  Animal  Chemistry. 

The  Index  and  the  Press  have  also  been  corrected  throughout 
by  his  friend  Mr.  Robert  Murray. 

H.  Bence  Jones,  M.D. 

30  Gboswhor  Street,  Jan.,  1850. 


PREFACE 

TO 

THE    FIRST    EDITION. 


THE  design  of  the  present  volume  is  to  offer  to  the  student 
commencing  the  subject  of  Chemistry,  in  a  compact  and 
inexpensive  form,  an  outline  of  the  general  principles  of  that 
science,  and  a  history  of  the  more  important  among  the  very 
numerous  bodies  which  Chemical  Investigations  have  made  known 
to  us.  The  work  has  no  pretensions  to  be  considered  a  complete 
treatise  on  the  subject,  but  is  intended  to  serve  as  an  introduction 
to  the  larger  and  more  comprehensive  systematic  works  in  our 
own  language  and  in  those  of  the  Continent ;  and  especially  to 
prepare  the  student  for  the  perusal  of  original  memoirs,  which,  in 
conjunction  with  practical  instruction  in  the  laboratory,  can  alone 
afford  a  real  acquaintance  with  the  spirit  of  research  and  the 
resources  of  Chemical  Science. 

It  has  been  my  aim  throughout  to  render  the  book  as  practical 
as  possible,  by  detailing,  at  as  great  length  as  the  general  plan 
permitted,  many  of  the  working  processes  of  the  scientific  labora- 
tory, and  by  exhibiting,  by  the  aid  of  numerous  wood-engrav- 
ings, the  most  useful  forms  of  apparatus,  with  their  adjustments 
and  methods  of  use. 

As  one  principal  object  was  the  production  of  a  convenient  and 
useful  class-book  for  pupils  attending  my  own  lectures,  I  have 
been  induced  to  adopt  in  the  book  the  plan  of  arrangement  fol- 
lowed in  the  lectures  themselves,  and  to  describe  the  non-metallic 
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element*  and  some  of  their  most  important  ©omponnda  before 
dwcuiming  the  subject  of  the  general  philosophy  of  Chemical 
Hcience,  and  even  before  describing  the  principle  of  the  equiva- 
lent quantities,  or  explaining  the  use  of  the  written  symbolical 
language  now  universal  among  Chemists.  For  the  benefit  of 
tboae  to  whom  these  matters  are  already  familiar,  and  to  render 
the  history  of  the  compound  bodies  described  in  the  earlier  part 
of  the  work  more  complete,  I  have  added  in  foot-notes  the  view 
adopted  of  their  Chemical  Constitution,  expressed  in  symbols. 

I  have  devoted  as  much  space  as  could  be  afforded  to  the  very 
important  subject  of  Organic  Chemistry ;  and  it  will,  I  believe, 
be  found  that  there  are  but  few  substances  of  any  general  interest 
which  have  been  altogether  omitted,  although  the  very  great 
number  of  bodies  to  be  described  in  a  limited  number  of  [ages 
rendered  it  necessary  to  use  as  much  brevity  as  possible. 

Geo.  Fowotb. 

University  College,  Lovdo*. 
October  6, 1847. 
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MANUAL  OF  CHEMISTRY. 


INTRODUCTION. 

THE  Science  of  Chemistry  has  for  its  object  the  study  of  the  nature  and 
properties  of  all  the  materials  which  enter  into  the  composition  or  struc- 
ture of  the  earth,  the  sea,  and  the  air,  and  of  the  various  organised  or  liv- 
ing beings  which  inhabit  these  latter.  Every  object  accessible  to  man,  or 
which  may  be  handled  and  examined,  is  thus  embraced  by  the  wide  circle 
of  Chemical  Science. 

The  highest  efforts  of  Chemistry  are  constantly  directed  to  the  discovery 
of  the  general  laws  or  rules  which  regulate  the  formation  of  chemical  com- 
pounds, and  determine  the  action  of  one  substance  upon  another.  These 
laws  are  deduced  from  careful  observation  and  comparison  of  the  proper- 
ties and  relations  of  vast  numbers  of  individual  substances ;  —  and  by  this 
method  alone.  The  science  is  entirely  experimental,  and  all  its  conclusions 
the  results  of  skilful  and  systematic  experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of  life,  and 
to  the  relief  of  human  suffering  in  disease,  are,  in  the  present  state  of  the 
science,  both  very  numerous  and  very  important,  and  encourage  the  hope 
of  still  greater  benefits  from  more  extended  knowledge  than  that  now 
enjoyed. 

In  ordinary  scientific  speech,  the  term  chemical  is  applied  to  changes 
which  permanently  affect  the  properties  or  characters  of  bodies,  in  oppo- 
sition to  effects  termed  physical,  which  are  not  attended  by  such  conse- 
quences. Changes  of  decomposition  or  combination  are  thus  easily  distin- 
guished from  those  temporarily  brought  about  by  heat,  electricity,  mag- 
netism, and  the  attractive  forces,  whose  laws  and  effects  lie  within  the 
province  of  Physics  or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a  compound 
nature,  being  chemical  compounds,  or  variously  disposed  mixtures  of  chemi- 
cal compounds,  capable  of  being  resolved  into  simpler  forms  of  matter. 
Thus,  a  piece  of  limestone  or  marble,  by  the  application  of  a  red-heat,  is 
decomposed  into  quicklime  and  a  gaseous  body,  carbon  dioxide.  Both  lime 
3  26 
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and  carbon  dioxide  are  in  their  turn  susceptible  of  decomposition,  the  for- 
mer into  a  metal,  calcium,  and  oxygen,  and  the  latter  into  carbon  and 
oxygen.  For  this  purpose,  however,  simple  heat  does  not  suffice,  the  reso- 
lution of  these  substances  into  their  components  demanding  the  exertion 
of  a  high  degree  of  chemioal  energy.  Beyond  this  second  step  of  decom- 
position the  efforts  of  Chemistry  hare  hitherto  been  found  to  fail;  and  the 
three  bodies,  calcium,  carbon,  and  oxygen,  having  resisted  all  attempts  to 
resolve  them  into  simpler  forms  of  matter,  are  accordingly  admitted  into 
the  list  of  element*; — not  from  any  belief  in  their  real  oneness  of  nature, 
but  from  the  absence  of  any  evidence  that  they  contain  more  than  one 
description  of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the  physi- 
cal constitution  of  gases,  the  chief  phenomena  of  heat  and  electricity,  and  a 
few  other  subjects,  forms  so  indispensable  an  introduction  to  Chemistry 
itself,  that  it  is  rarely  omitted  in  the  usual  courses  of  oral  instruction.  A 
sketch  of  these  subjects  is,  in  accordance  with  these  views,  placed  at  the 
commencement  of  the  present  volume. 


PART  I.— PHYSICS. 


OP  DENSITY  AND  SPECIFIC  GRAVITY. 

rr  is  of  great  importance  at  the  outset  to  understand  clearly  what  is  meant 
by  the  terms  density  and  specific  gravity.  By  the  density  of  a  body  is  meant 
its  mast,  or  quantity  of  matter,  compared  with  the  mass  or  quantity  of  matter 
of  an  equal  volume  of  some  standard  body  arbitrarily  chosen.  Specific  grav- 
ity denotes  the  weight  of  a  body,  as  compared  with  the  weight  of  an  equal 
bulk,  or  Tolume,  of  the  standard  body,  which  is  reckoned  as  unity.*  In 
all  cases  of  solids  and  liquids,  the  standard  of  unity  adopted  in  this  country 
is  pure  water  at  the  temperature  of  15*5°  C.  (60°  Fahr.)  Anything  else 
might  hare  been  chosen ;  there  is  nothing  in  water  to  render  its  adoption 
for  the  purpose  mentioned  indispensable:  it  is  simply  talfen  for  the  sake  of 
convenience,  being  always  at  hand,  and  easily  obtained  in  a  state  of  perfect 
parity.  An  ordinary  expression  of  specific  weight,  therefore,  is  a  number 
explaining  how  many  times  the  weight  of  an  equal  bulk  of  water  is  con- 
tained in  the  weight  of  the  substance  spoken  of.  If,  for  example,  we  say, 
that  concentrated  oil  of  vitriol  has  a  specific  gravity  equal  to  1*85,  or  that 
perfectly  pure  alcohol  has  a  density  of  0*794  at  15*6°  C,  we  mean  that 
equal  bulks  of  these  two  liquids  and  of  distilled  water  possess  weights  in 
the  proportion  of  the  numbers  1*85,  0-794,  and  1;  or  1850,  794,  and  1000. 
It  is  necessary  to  be  particular  about  the  temperature,  for,  as  will  be  here- 
after shown,  liquids  are  extremely  expansible  by  heat;  otherwise  a  constant 
bulk  of  the  same  liquid  will  not  retain  a  constant  weight.  It  will  be  pro- 
per to  begin  with  the  description  of  the  mode  in  which  the  specific  gravity 
of  liquids  is  determined :  this  is  the  simplest  case,  and  the  one  which  best 
illustrates  the  general  principle. 

In  order  to  obtain  at  pleasure  the  specific  gravity  of  any  particular  liquid 
compared  with  that  of  water,  it  is  only  requisite  to  weigh  equal  bulks  at 
the  standard  temperature,  and  then  divide  the  weight  of  the  liquid  by  the 
weight  of  the  water ;  the  quotient  will  of  course  be  greater  or  less  than 
unity,  as  the  liquid  experimented  on  is  heavier  or  lighter  than  water.  Now, 
to  weigh  equal  bulks  of  two  fluids,  the  simplest  and  best  method  is  clearly 
to  weigh  them  in  succession  in  the  same  vessel,  taking  care  that  it  is  equally 
full  on  both  occasions,  a  condition  very  easy  of  fulfilment. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck,  is  prooured,  of  the 
form  represented  below  (fig.  1),  and  of  such  capacity  as  to  contain,  when 
filled  to  about  half-way  up  the  neck,  exactly  1000  grains  of  distilled  water 
at  15-5°  C.     Such  a  flask  is  readily  procured  from  any  one  of  the  Italian 

*  In  oilier  words,  density  mean*  comparative  man.  and  specific  gravity  comparative  weight. 
Aftm  expressions, although  really  relating  to  distinct  thing*,  are  often  used  quite  indifferently 
in  chemical  writings,  and  without  practical  inconvenience,  since  mass  aud  weight  are  directly 
ptoportfonal  to  each  other. 
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artificer*,  to  be  found  in  every  large  town,  who  manufacture  cheap  ther- 
mometers for  sale.  A  counterpoise  of  the  exact  weight  of  the  empty  bottle 
is  made  from  a  bit  of  brass,  an  old  weight,  or  something  of  the  kind,  and 
carefully  adjusted  by  filing.  The  bottle  is  then  graduated,  by  introducing 
water  at  15-5°,  until  it  exactly  balances  the  1000- grain  weight  and  counter- 
poise in  the  opposite  scale ;  the  height  at  which  the  water  stands  in  the 
neck  is  marked  by  a  scratch,  and  the  instrument  is  complete  for  use.  The 
liquid  to  be  examined  is  brought  to  the  temperature  of  16-6°,  and  with  it 
the  bottle  is  filled  up  to  the  mark  before  mentioned ;  it  is  then  weighed, 
the  counterpoise  being  used  as  before,  and  the  specific  gravity  directly 
ascertained. 


Fig.  l. 


Fig.  2. 


A  watery  liquid  in  a  narrow  glass  tube  always  presents  a  curved  surface, 
from  the  molecular  action  of  the  glass,  the  concavity  being  upwards.  It  is 
better,  on  this  account,  in  graduating  the  bottle,  to  make  two  scratches,  as 
represented  in  the  figure,  one  at  the  top  and  the  other  at  the  bottom  of  the 
curve :  this  prevents  any  future  mistake.  The  marks  are  easily  made  by 
a  fine',  sharp  triangular  file,  the  hard  point  of  which,  also,  it  may  be 
observed,  answers  perfectly  well  for  writing  upon  glass,  in  the  absence  of 
a  proper  diamond  pencil. 

It  will  be  quite  obvious  that  the  adoption  of  a  flask  holding  exactly  1000 
grains  of  water  has  no  other  object  than  to  save  the  trouble  of  a  very  tri- 
fling calculation;  any  other  quantity  would  answer  just  as  well,  and,  in 
fact  the  experimental  chemist  is  often  compelled  to  use  a  bottle  of  much 
smaller  dimensions,  from  scarcity  of  the  liquid  to  be  examined. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined  with  great  accu- 
racy a  case  which  frequently  occurs  in  chemical  inquiries,  a  little  glass 
bottle  is  used  of  the  form  showed  in  fig.  2.  This  bottle  is  provided  with  a 
nerforated  conical  glass  stopper,  most  accurately  fitted  by  grinding.  By 
comnletely  filling  the  little  bottle  with  liquid,  and  carefully  removing  the 
portion  of  liquid  which  is  displaced  when  the  stopper  is  inserted,  an  unal- 
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terable  measure  is  obtained.     The  least  possible  quantity  of  grease  applied 
to  the  stopper  greatly  promotes  the  exact  fitting. 

When  the  chemist  has  only  a  small  quantity  of  a  fluid  at  his  Fig.  8. 
disposal,  and  wishes  not  to  lose  it,  the  little  glass  vessel  (fig.  3) 
is  particularly  useful.  It  is  formed  by  blowing  a  bubble  on  a 
glass  tube.  On  that  portion  of  the  tube  which  is  narrowed  by 
drawing  the  tube  out  oyer  a  lamp,  a  fine  scratch  is  made  with  a 
diamond.  The  bubble  is  filled  up  to  this  mark  with  a  liquid 
whilst  it  stands  in  water  the  temperature  of  which  is  exactly 
known.  A  very  fine  funnel  is  used  for  filling  the  bubble,  the 
stem  of  the  funnel  being  drawn  out  so  as  to  enter  the  tube,  and 
the  upper  opening  of  the  funnel  being  small  enough  to  be  closed 
by  the  finger.  The  glass  stopper  is  only  wanted  as  a  guard, 
and  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid  body  is 
made  according  to  the  same  principles,  and  may  be  performed 
with  the  specific-gravity  bottle  (fig.  2).  The  bottle  is  first 
weighed  full  of  water ;  the  solid  is  then  placed  in  the  same  pan 
of  the  balance,  and  its  weight  determined;  finally,  the  solid 
is  put  into  the  bottle,  displacing  an  equal  bulk  of  water,  the 
weight  of  which  is  determined  by  the  loss  on  again  weighing.  Thus  the 
weights  of  the  solid  and  that  of  an  equal  bulk  of  water  are  obtained.  The 
former  divided  by  the  latter  gives  the  specific  gravity. 

For  example,  the  weight  of  a  small  piece  of  silver  wire 
was  found  to  be 98*18  grains. 

Glass  bottle  filled  with  water 294-69      *< 


892-87      " 


After  an  equal  volume  of  water  was  displaced  by  the  sil- 
ver, the  weight  was 883*64 

Eence  the  displaced  water  weighed 
From  this,  the   specific   gravity  of  the  silver )  98*18 
wire 


■ )  98*18 
$    9-33  ~" 


Another  highly  ingenious,  but  less  exact  method  of 
determining  the  specific  gravity  of  solids,  is  based  on 
the  well-known  theorem  of  Archimedes. 
This  theorem  may  be  thus  expressed : 
When  a  solid  is  immersed  in  a  fluid,  it  loses  a  por- 
tion of  its  weight;  and  this  portion  is  equal  to 
the  weight  of  the  fluid  which  it  displaces ;  that 
is,  to  the  weight  of  its  own  bulk  of  that  fluid. 
It  is  easy  to  give  experimental  proof  of  this  very  im- 
portant proposition,  as  well  as  to  establish  it  by  reason- 
ing.   Figure  4  represents  a  little  apparatus  for  the 
former  purpose.     This  consists  of  a  thin  cylindrical 
vessel  of  brass,  into  the  interior  of  which  fits  very  accu- 
rately a  solid  cylinder  of  the  same  metal,  thus  exactly 
filling  it.     When  the. cylinder  is  suspended  beneath  the 
bucket,  as  seen  .in  the  sketch,  the  whole  hung  from  the 
arm  of  a  balance   and  counterpoised,    and   then   the 
cjftnder  itself  immersed  in  water,  it  will  be  found  to 
We  lost  a  certain  weight;  and  that  this  loss  is  pre- 
cisely equal  to  the  weight  of  an  equal  bulk  of  water, 
toty  then  be  proved  by  filling  the  bucket  to  the  brim, 
whereupon  the  equilibrium  will  be  restored. 
3* 
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Fig.  5. 


The  consideration  of  the  great  hydrostatic  law  of  fluid  pressure  easily 
proves  the  truth  of  the  principle  laid  down.  Let  the  reader  figure  to 
himself  a  Teasel  of  water,  haying  immersed  in  it  a  solid  cylindrical  or  rec- 
tangular body,  and  so  adjusted  with  respect  to  density,  that  it  shall  float 
indifferently  in  any  pan  beneath  the  surface  (fig.  6.) 
Now  the  law  of  fluid  pressure  is  to  this  effect : 

The  pressure  exerted  by  a  fluid  on  any  point  of  the  containing  Teasel,  or 
on  any  point  of  a  body  immersed  beneath  its  surface,  is  dependent,  firstly, 
upon  the  density  of  the  fluid,  and,  secondly,  upon  the  vertical  depth  of  the 
point  in  question  below  the  surface.  It  is  independent 
of  the  form  and  lateral  dimensions  of  the  Teasel  or 
immersed  body.  Moreover,  owing  to  the  peculiar 
physical  constitution  of  fluids,  this  pressure  is  exerted 
in  every  direction,  upward,  downward,  and  laterally, 
with  equal  force. 

The  floating  body  is  in  a  state  of  equilibrium ;  there- 
fore the  pressure  downward  caused  by  its  gravitation 
must  be  exactly  compensated  by  the  upward  trans- 
mitted pressure  of  the  column  of  water  a,  6.  But  this 
pressure  downward  is  obviously  equal  to  the  weight 
of  an  equal  quantity  of  water,  since  the  body  of  neces- 
sity displaces  its  own  bulk.  Hence  the  weight  which 
a  body  loses  when  immersed  in,  or  floated  on  water,  is  equal  to  the  weight 
of  the  volume  of  water  displaced  by  that  body. 

Whatever  be  the  density  of  the  substance,  it  will  be  buoyed  up  to  this 
amount :  in  the  case  supposed,  the  buoyancy  is  equal  to  the  whole  weight 
of  the  body,  which  is  thus,  while  in  the  water,  reduced  to  nothing. 

A  little  reflection  will  show  that  the  same  reasoning 
may  be  applied  to  a  body  of  irregular  form ;  besides,  a 
solid  of  any  figure  may  be  divided  by  the  imagination 
into  a  multitude  of  little  perpendicular  prisms  or  cylin- 
ders, to  each  of  which  the  argument  may  be  applied. 
What  is  true  of  each  individually  must  necessarily  be  true 
of  the  whole  together. 

This  is  the  fundamental  principle;  its  application  is 
made  in  the  following  manner: — Let  it  be  required,  for 
example,  to  know  the  specific  gravity  of  a  body  of 
extremely  irregular  form,  as  a  small  group  of  rock  crys- 
tals :  the  first  part  of  the  operation  consists  in  determining 
its  absolute  weight,  or,  more  correctly  speaking,  its  weight 
in  air ;  it  is  next  suspended  from  the  balance-pan  by  a 
fine  horsehair,  immersed  completely  in  pure  water  at 
15*5°,  and  again  weighed.  It  now  weighs  less,  the  dif- 
ference being  the  weight  of  the  water  it  displaces,  that 
is,  the  weight  of  an  equal  bulk.  This  being  known, 
nothing  more  is  required  than  to  find,  by  division,  how 
many  times  the  latter  number  is  contained  in  the  former ; 
the  quotient  will  be  the  density,  water,  at  the  tempera- 
ture of  15-6°,  being  taken  =  1.     For  example : 


Fig.*. 


The  quarts -crystals  weigh  in  air 
When  immersed  in  water,  they  weigh 


293-7  grains. 
180-1       " 


Difference,  being  the  weight  of  an  equal  volume  of  water     113-6 

293-7 

=  2*69,  the  specific  gravi;     required. 

113-6 
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The  rule  is  generally  thus  written :  "  Divide  the  weight  in  air  by  the 
loss  of  weight  in  water,  and  the  quotient  will  be  the  specific  -.   -. 

gravity."     In  reality  it  is  not  the  weight  in  air  which  is  9' 

required,  but  the  weight  the  body  would  have  in  empty 
space:  the  error  introduced,  namely,  the  weight  of  an 
equal  bulk  of  air  is  so  trifling,  that  it  is  usually  neglected. 

Sometimes  the  body  to  be  examined  is  lighter  than  water, 
and  floats.  In  this  case,  it  is  first  weighed,  and  afterwards 
attached  to  a  piece  of  metal  heavy  enough  to  sink  it,  and 
suspended  from  the  balance.  The  whole  is  then  exactly 
weighed,  immersed  in  water,  and  again  weighed.  The  dif- 
ference between  the  two  weighings  gives  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  both  together.  The 
light  substance  is  then  detached,  and  the  same  operation  of 
weighing  in  air,  and  again  in  water,  repeated  on  the  piece 
of  metal.  These  data  give  the  means  of  finding  the  specific  gravity,  as 
will  be  at  once  seen  by  the  following  example : 

Light  substance  (a  piece  of  wax)  weighs  in  air  .     133*7  grains. 

Attached  to  a  piece  of  brass,  the  whole  now  weighs  183-7       " 

Immersed  in  water,  the  system  weighs     .        .        .  88*8       •• 


Weight  of  water  equal  in  bulk  to  brass  and  wax       .  144*9 

Weight  of  brass  in  air 600 

Weight  of  brass  in  water 44-4 

Weight  of  equal  bulk  of  water 6-6 


Bulk  of  water  equal  to  wax  and  brass               .        .         .144*9      " 
Bulk  of  water  equal  to  brass  alone 6-6      " 

Bulk  of  water  equal  to  wax  alone 139*8      " 

133*7 

=0*9598 

1393 

In  all  such  experiments  it  is  necessary  to  pay  attention  to  the  tempera- 
tare  and  purity  of  the  water,  and  to  remove  with  great  care  all  adhering 
sir-babbles, *  otherwise  a  false  result  will  be  obtained. 

Other  cases  require  mention  in  which  these  operations  must  be  modified 
to  meet  particular  difficulties.  One  of  these  happens  when  the  substance 
is  dissolved  or  acted  upon  by  water.  The  difficulty  is  easily  overcome  by 
substituting  some  other  liquid  of  known  density  which  experience  shows  is 
without  action.  Alcohol  or  oil  of  turpentine  may  generally  be  used  when 
water  is  inadmissible.  Suppose,  for  instance,  the  specific  gravity  of  crys- 
tallized sugar  is  required,  we  proceed  in  the  following  way :  The  specific 
gravity  of  the  oil  of  turpentine  is  first  carefully  determined ;  let  it  be  0-87 ; 
the  sugar  is  next  weighed  in  the  air,  then  suspended  by  a  horsehair,  and 
weighed  in  the  oil ;  the  difference  is  the  weight  of  an  equal  bulk  of  the  lat- 
ter; a  simple  calculation  gives  the  weight  of  a  corresponding  volume  of 
water,:  — 

•  A  itaiple  plan  of  avoiding  altogether  the  adhesion  of  afr-buhble§,  which  often  are  not  easily 
H^red.  coimeta  in  dentin*  the  water  to  ebullition,  introducing  the.  body  which  has  bo*n 
*«*hed  in  the  air  into  the  utill  boi^fc  water,  which  ia  then  allowed  to  cool  to  16-5°,  when  the 
■wood  weighing  to  performed. 
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Weight  of  sugar  in  air 400     grains. 

Weight  of  sugar  in  oil  of  turpentine      ....     182-5      " 


217-6 


Weight  of  equal  bulk  of  oil  of  turpentine    . 
87  :  100  =r  217-5  :  250, 
the  weight  of  an  equal  bulk  of  water;  hence  the  specific  gravity  of  the 
sugar,— 

400 

=  10. 

250 

If  the  substance  to  be  examined  consist*  of  small  pieces,  or  of  powder, 
then  the  method  first  described,  namely,  that  of  the  specific-gravity  bottle, 
can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  metallic  oxides, 
and  other  compounds,  and  salts  of  all  descriptions,  may  be  determined  wiih 
great  ease.  Oil  of  turpentine  may  be  used  with  most  soluble  salts.  The 
crystals  should  be  crushed  or  roughly  powdered  to  avoid  errors  arising 
from  cavities  in  their  substance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  immersing 
it  in  a  transparent  liquid,  the  density  of  which  has  been  so  adjusted  that 
the  solid  body  remains  indifferently  at  whatever  depth  it  may  be  placed. 
The  specific  gravity  of  the  liquid  must  now  be  determined,  and  it  will,  of 
course,  be  the  same  as  that  of  the  solid.  It  is  necessary  that  the  liquid 
chosen  for  this  experiment  do  not  dissolve  or  in  any  way  act  upon  the  solid. 
Solutions  of  mercuric  nitrate,  or  corrosive  sublimate,  can  be  used  for 
bodies  heavier  than  water,  while  certain*  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  be  conveniently  employed  for  such  substances  as 
have  a  lower  specific 'gravity  than  water.  This  method  is  not  only  adapted 
to  the  exact  determination  of  specific  gravities,  but  also  serves  in  many 
cases  as  a  mean's  of  readily  distinguishing  substances  much  resembling  one 
another.  Suppose,  for  instance,  a  solution  of  mercuric  nitrate  to  have  a 
specific  gravity  3;  a  red  amethyst  (2-67)  will  then  float  upon,  and  a  topax 
of  the  same  color  (3-55)  will  sink  in  this  liquid. 

The  theorem  of  Archimedes  affords  the 
key  to  the  general  doctrine  of  the  equili- 
brium of  floating  bodies,  of  which  an 
application  is  made  in  the  common  hydro- 
meter,— an  instrument  for  finding  the 
specific  gravities  of  liquids  in  a  very  easy 
and  expeditious  manner. 

When  a  solid  body  is  placed  upon  the 
surface  of  a  liquid  specifically  heavier 
than  itself,  it  sinks  down  until  it  displaces  a  quan- 
tity of  liquid  equal  to  its  own  weight,  at  which  point 
it  floats.  Thus,  in  the  case  of  a  substance  floating 
in  water,  whose  specific  weight  is  one  half  that,  of 
the  liquid,  the  position  of  equilibrium  will  involve 
y\  I  the  immersion  of  one  half  of  the  body,  inasmuch  as 

/,    |  '  its  whole  weight  is  counterpoised  by  a  quantity  of 

Vdjf  water  equal  to  half  its  volume.     If  the  same  body 

Q  were  put  into  a  liquid  of  one  half  the  specific  gravity 

of  water,  if  such  could  be  found,  it  would  then  sink 
beneath  the  surface,  and  remain  indifferently  in  any 
part.  A  floating  body  of  known  specific  gravity  may 
thus  be  used  as  an  indicator  of  the  specific  gravity  of  a  liquid.  In  this 
manner  little  glass  beads  (fig.  8)  of  known  specific  gravities  are  some- 
times employed  in  the  arts  to  ascertain   in  a  rude  manner  the   specific 


Fig.  9. 


Fig.*. 
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gravity  of  liquids ;  the  one  that  floats  indifferently  beneath  the  surface, 
without  either  sinking  or  rising,  has  of  course  the  same  specific  gravity  as 
the  liquid  itself;  this  is  pointed  out  by  the  number  marked  upon  the  bead. 

The  hydrometer  (fig.  9)  in  general  use  consists  of  a  floating  vessel  of 
thin  metal  or  glass,  having  a  weight  beneath  to  maintain  it  in  an  upright 
position,  and  a  stem  above  bearing  a  divided  scale.  The  use  of  the  instru- 
ment is  very  simple.  The  liquid  to  be  tried  is  put  into  a  small  narrow 
jar,  and  the  instrument  floated  in  it.  It  is  obvious  that  the  denser  the 
liquid,  the  higher  will  the  hydrometer  float,  because  a  smaller  displacement 
of  liquid  will  counterbalance  its  weight.  For  the  same  reason,  in  a  liquid 
of  less  density,  it  sinks  deeper.  The  hydrometer  comes  to  rest  almost  im- 
mediately, and  then  the  mark  on  the  stem  at  the  fluid-level  may  be  read  off. 

Very  extensive  use  is  made  of  instruments  of  this  kind  in  the  arts;  they 
sometimes  bear  different  names,  according  to  the  kind  of  liquid  for  which 
they  are  intended ;  but  the  principle  is  the  same  in  all.  The  graduation 
is  very  commonly  arbitrary,  two  or  three  different  scales  being  unfortu- 
nately used.  These  may  be  sometimes  reduced,  however,  to  the  true  num- 
bers expressing  the  specific  gravity  by  the  aid  of  tables  of  comparison 
drawn  up  for  the  purpose.     (See  Appendix.) 

Tables  are  likewise  used  to  reduce  the  readings  of  the  hydrometer  at 
any  temperature  to  those  of  the  normal  temperature. 

The  division  of  the  instrument  from  below,  upward,  into  100  parts,  is 
much  to  be  preferred  to  these  arbitrary  scales.  Half  of  these  divisions  must 
be  made  upon  the  stem.  The  100th  division  indicates  the  point  of  immer- 
sion in  distilled  water  at  16-5°  C.  (60°  Fahr.)  If  in  another  liquid  the 
instrument  sinks  less  deeply,  for  example  to  60,  then  60  volumes  of  this 
liquid  weigh  as  much  as  100  volumes  of  water.  Hence  the  weight  of  100 
volumes,  that  is,  the  specific  gravity,  is  *ff  =  1  -67.  By  this  arrangement 
of  the  scale,  it  is  evident  that  the  reduction  of  the  specific  gravity  is  so 
simple  that  no  tables  are  required. 

A  very  convenient  and  useful  instrument  in  the  shape  of  a  small  hydro- 
meter, for  taking  the  specific  gravity  of  urine,  has  been  put  into  the  hands 
of  the  physician  ;•  it  may  be  packed  into  a  pocket-case,  with  a  little  jar 
and  a  thermometer,  and  is  always  ready  for  use.f 


Fig.  10. 


JV/7.11. 


[*  The  graduation  of  the  urinometer  in  Mich  that  each  degree  represents  1-1000,  thus  giving 
the  actual  specific  gravity  without  calculation,  for  the  numlwr  of  degrees  on  the  scale  cut  by 
the  surface  of  the  liquid  when  this  instrument  is  at  rest,  added  to  1000,  will  represent  the  den- 
sity of  the  liquid.  If,  for  example,  the  surface  of  the  liquid  coincide  with  13  on  the  scale,  the 
specific  gravity  will  be  1013,  about  the  average  density  of  healthy  urine.  —  R.  B.] 

[f  The  mode  of  determining  the  specific  gravity  of  a  liquid  by  means  of  a  solid  has  been  omitted 
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The  determination  of  the  specific  gravity  of  gases  and  vapors  of  volatile 
liquids  is  a  problem  of  very  great  practical  importance  to  the  chemist:  the 
theory  of  the  operation  is  as  simple  as  when  'liquids  themselves  are  con- 
cerned, but  the  processes  are  much  more  delicate,  and  involve  besides  cer- 
tain corrections  for  differences  of  temperature  and  pressure,  founded  on 
principles  yet  to  be  discussed.  It  will  be  proper  to  defer  the  considerations 
of  these  matters  for  the  present.  The  method  of  determining  the  specific 
gravity  of  a  gas  will  be  found  described  under  the  head  of  Oxygen,  and 
that  of  the  vapor  of  a  volatile  liquid  in  the  Introduction  to  Organic 
Chemistry. 

In  the  text  It  results  from  the  theorem  of  Archimedes,  that  if  any  solid  be  Immersed  in  water 
and  then  In  any  other  liquid,  the  loss  of  weight  sustained  in  each  case  will  give  the  relative 
weights  (if  equal  bulks  of  the  liquid*,  and  on  dividing  the  weight  of  the  liquid  by  the  weight 
of  thn  water,  the  quotient  will  be  the  specific  gravity  of  the  liquid  experimented  on.  For  in- 
stance, let  o  piece  of  glass  rod  (fig.  10)  be  suspended  from  the' balance  pan  and  exactly  counter- 
poised, then  immerse  it  in  water  and  restore  the  equipoise  by  weights  added  to  the  pan  to  which 
the  glum  is  suspended,  the  amount  will  give  the  loss  of  weight  by  immersion  or  the  weight  of  a 
bulk  or  water  equal  to  that  of  the  stopper.  Now  wipe  the  glass  dry,  and  having  removed 
the  additional  weight*,  Immerse  it  in  the  other  liquid,  and  restore  the  equipoise  as  before;  this 
latter  wHght  is  the  weight  or  a  bulk  of  the  liquid  equal  to  that  of  the  water.  The  latter  divided 
by  the  former  gives  the  specific  gravity.    For  example  :— 

The  glass  stopper  loses  by  immersion  in  water  ......       171  grains. 

The  glass  stopper  loses  by  immersion  in  alcohol 148       M 

£U  =  .836,  the  specific  gravity  required. — B.  B.] 
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IT  requires  some  little  abstraction  of  mind  to  realize  completely  the  con- 
dition in  which  all  things  at  the  surface  of  the  earth  exist.  We  live  at 
the  bottom  of  an  immense  ocean  of  gaseous  matter,  which  envelops  every- 
thing, and  presses  upon  everything  with  a  force  which  appears,  at  first 
sight,  perfectly  incredible,  but  whose  actual  amount  admits  of  easy  proof. 

Gravity  being,  so  far  as  is  known,  common  to  all  matter,  it  is  natural  to 
expect  that  gases,  being  material  substances,  should  be  acted  upon  by  the 
earth's  attraction,  as  well  as  solids  and  liquids.  This  is  really  the  case, 
and  the  result  is  the  weight  or  pressure  of  the  atmosphere,  which  is  noth- 
ing more  than  the  effect  of  the  attraction  of  the  earth  on  the  particles  of  air. 

Before  describing  the  leading  phenomena  of  the  atmospheric  pressure,  it 
is  necessary  to  notice  one  very  remarkable  feature  in  the  physical  consti- 
tution of  gases,  upon  which  depends  the  principle  of  an  extremely  valuable 
instrument,  the  air-pump. 

Oases  are  in  the  highest  degree  elastic ;  the  volume  or  space  which  a  gas 
occupies  depends  upon  the  pressure  exerted  upon  it  Let  the  reader  imagine 
a  cylinder,  a,  closed  at  the  bottom,  in  which  Fig,  12. 

mores  a  piston,  air-tight,  so  that  no  air  can  es- 
cape between  the  piston  and  the  cylinder.  Sup- 
pose now  the  piston  be  pressed  downward  with 
a  certain  force ;  the  air  beneath  it  will  be  com- 
pressed into  a  smaller  bulk,  the  amount  of  this 
compression  depending  on  the  force  applied;  if  c 
the  power  be  sufficient,  the  bulk  of  the  gas  may 
be  thus  diminished  to  one  hundredth  part  or  less. 
When  the  pressure  is  removed,  the  elasticity  or 
tension,  as  it  is  called,  of  the  included  air  or  gas, 
will  immediately  force  up  the  piston  until  it  ar- 
rives at  its  first  position. 

Again,  take  fig.  12.  b,  and  suppose  the  piston 
to  stand  about  the  middle  of  the  cylinder, having, 
air  beneath  in  its  usual  state.  If  the  piston  be  j 
bow  drawn  upward,  the  air  below  will  expand, 
w  as  to  fill  completely  the  increased  space,  and  "' 
this  to  an  apparently  unlimited  extent.  A  volume  of  air,  which,  under 
ordinary  circumstances,  occupies  the  bulk  of  a  cubic  inch,  might,  by  the 
removal  of  the  pressure  upon  it,  be  made  to  expand  to  the  capacity  of  a 
»bole  room,  while  a  renewal  of  the  former  pressure  would  be  attended  by 
1  shrinking  down  of  the  air  to  its  former  bulk.  The  smallest  portion  of 
gas  introduced  into  a  large  exhausted  vessel  becomes  at  once  diffused 
through  the  whole  space,  an  equal  quantity  being  present  in  every  part ; 
the  Tessel  ie/wtf,  although  the  gas  is  in  a  state  of  extreme  tenuity.  This 
power  of  expansion  which  air  possesses  may  have,  and  probably  has,  in 
reality,  a  limit;  but  the  limit  is  never  reached  in  practice.  We  are  quite 
ftfe  in  the  assumption  that  for  all  purposes  of  experiment,  however  refined, 
*ir  is  perfectly  elastic. 

It  is  usual  to  assign  a  reason  for  this  indefinite  expansibility  by  ascribing 
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to  the  particles  of  material  bodies,  when  a  in  gaseous  state,  a  self-repulsive 
agency.     This  statement  is  commonly  made  somewhat  in  this  manner: 

IV.  13. 


matter  is  under  the  influence  of  two  opposite  forces,  one  of  which  tends  to 
draw  the  particles  together,  the  other  to  separate  them.  By  the  prepon- 
derance of  one  or  other  of  these  forces,  we  have  the  three  states  called 
solid,  liquid,  and  gaseous.  When  the  particles  of  matter,  in  consequence 
of  the  direction  and  strength  of  their  mutual  attractions,  possess  only  a 
very  slight  power  of  motion,  a  solid  substance  results;  when  the  forces 
are  nearly  balanced,  we  have  a  liquid,  the  particles  of  which  in  the  interior 
of  the  mass  are  free  to  move,  but  yet  to  a  certain  extent  are  held  together; 
and  lastly,  when  the  attractive  power  seems  to  be  completely  overcome  by 
its  antagonist,  we  have  a  gas  or  vapor. 
Various  names  are  applied  to  these  forces,  and  various  ideas  entertained 
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concerning  them :  the  attractive  forces  bear  the  name  of  cohesion  when  they 
are  exerted  between  particles  of  matter  separated  by  an  immeasurably 
small  interval,  and  gravitation  when  the  distance  is  great.  The  repulsive 
principle  is  often  thought  to  be  identical  with  the  principle  of  heat.  We 
shall  return  to  this  subject  in  discussing  the  nature  of  heat.     (See  page  77.) 

The  ordinary  air-pump,  shown  in  section  in  fig.  13,  consists  essentially 
of  a  metallic  cylinder,  in  which  moves  a  tightly  fitting  piston,  by  the  aid 
of  its  rod.  The  bottom  of  the  cylinder  communicates  with  the  vessel  to  be 
exhausted,  and  is  furnished  with  a  valve  opening  upward.  A  similar 
valve,  also  opening  upward,  is  fitted  to  the  piston :  these  valves  are  made 
with  slips  of  oiled  silk.  When  the  piston  is  raised  from  the  bottom  of  the 
cylinder,  the  space  left  beneath  it  must  be  void  of  air,  since  the  piston- 
valve  opens  only  in  one  direction;  the  air  within  the  receiver  having  on 
that  side  nothing  to  oppose  its  elastic  power  but  the  weight  of  the  little 
valve,  lifts  the  latter,  and  escapes  into  the  cylinder.  So  soon  as  the  piston 
begins  to  descend,  the  lower  valve  closes,  by  its  own  weight,  or  by  the 
transmitted  pressure  from  above,  and  communication  with  the  receiver  is 
eat  off.  As  the  descent  of  the  piston  continues,  the  air  inclosed  in  the 
cylinder  becomes  compressed,  its  elasticity  is  increased,  and  at  length  it 
forces  open  the  upper  valve,  and  escapes  into  the  atmosphere.  In  this 
manner,  a  cylinder  full  of  air  is  at  every  stroke  of  the  pump  removed  from 
the  receiver.  During  the  descent  of  the  piston,  the  upper  valve  remains 
open,  and  the  lower  closed,  and  the  reverse  during  the  opposite  movement. 

In  practice,  it  is  very  convenient  to  have  two  such  barrels  or  cylinders, 
arranged  side  by  side,  the  piston-rods  of  which  are  formed  into  racks, 
having  a  pinion,  or  small-toothed  wheel,  between  them,  moved  by  a  winch. 
By  this  contrivance  the  operation  of  exhaustion  is  much  facilitated  and 
the  labor  lessened.    The  arrangement  is  shown  in  fig.  14,  on  the  preceding 

P»Se- 

A  simpler  form  of  air-pump  is  thus  constructed:  the  cylinder,  which 
may  be  of  large  dimensions,  is  furnished  with  an  accurately  fitted  solid 
piston,  the  rod  of  which  moves,  air-tight,  through  a  contrivance  called  a 
staffing-box,  at  the  top  of  the  cylinder,  where  also  the  only  valve  eumtial 
to  the  apparatus  is  to  be  found :  the  latter  is  a  solid  conical  plug  of  metal, 
shown  at  a  in  the  figure,  kept  tight  by  the  oil  contained  in 
the  chamber  into  which  it  opens.  The  communication  with 
the  vessel  to  be  exhausted  is  made  by  a  tube  which  enters 
the  cylinder  a  little  above  the  bottom.  The  action  is  the 
following:  let  the  piston  be  supposed  in  the  act  of  rising 
from  the  bottom  of  the  cylinder ;  as  soon  as  it  passes  the 
month  of  the  tube  f,  all  communication  is  stopped  between 
the  air  above  the  piston  and  the  vessel  to  be  exhausted;  the 
inclosed  air  suffers  compression  until  it  acquires  sufficient 
elasticity  to  lift  the  metal  valve  and  escape  by  bubbling  _ 
through  the  oil.  When  the  piston  makes  its  descent,  and  cl^L 
this  valve  closes,  a  vacuum  is  left  in  the  upper  part  of  the 
cylinder,  into  which  the  air  in  the  receiver  rushes  so  soon 
as  the  piston  has  passed  below  the  orifice  of  the  connecting 
tube. 

In  the  silk-valved  air-pump,  exhaustion  ceases  when  the 
elasticity  of  the  air  in  the  receiver  becomes  too  feeble  to 
raise  the  valve :  in  that  last  described  the  exhaustion  may, 
on  the  contrary,  be  carried  to  an  indefinite  extent,  without, 
however,  under  the  most  favorable  circumstances,  be- 
coming complete.  The  conical  valve  is  made  to  project 
a  little  below  the  cover  of  the  cylinder,  so  as  to  be  forced 
up  by  the  piston  when  the  latter  reaches  the  top  of  the 
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cylinder ;  the  oil  tjien  enters  and  displaces  any  air  that  may  be  larking  in 
the  cavity. 

It  is  a  great  improvement  to  the  machine  to  supply  the  piston  with  a 
rtlief~9*lv€  opening  upward;    this  may  also  be  of  metal,  and   contained 

within  the  body  of  the  piston.  Its  use  is 
to  avoid  the  momentary  condensation  of 
the  air  in  the  receiver  when  the  piston  de- 
scends. The  pump  is  worked  by  a  lever  in 
the  manner  represented  in  figure  16. 

The  air-pump  may  be  used  for  condens- 
ing instead  of  for  rarefying  the  air.  If  the 
cylinder  (fig.  15)  is  filled  with  air  from  the 
opening  (/)♦  it  may  be  forced  by  the  rise  of 
the  piston  through  the  valve  (a)  into  a 
communicating  chamber,  and  this  operation 
may  be  frequently  repeated. 

To  return  to  the  atmosphere.  Air  pos- 
sesses weight:  a  light  flask  or  globe  of 
glass,  furnished  with  a  stopcock  and  ex- 
hausted by  the  air-pump,  weighs  consider- 
ably less  than  when  full  of  air.  If  the 
capacity  of  the  vessel  be  equal  to  100 
cubic  inches,  this  difference  may  amount 
to  nearly  30  grains. 

The  mere  fact  of  the  pressure  of  the  at- 
mosphere may  be  demonstrated  by  securely 
tying  a  piece  of  bladder  over  the  mouth  of 
an  open  glass  receiver,  and  then  exhausting 
the  air  from  beneath  it ;  the  bladder  will 
become  more  and  more  concave,  until  it 
suddenly  breaks.  A  thin  square  glass  bot- 
tle, or  a  large  sir-tight  tin  box,  may  be 
crushed  by  withdrawing  the  support  of  the 
air  in  the  inside.  Steam-boilers  have  been 
often  destroyed  in  this  manner  by  collapse, 
in  consequence  of  the  accidental  formation 
of  a  partial  vacuum  within. 

After  what  has  been  said  on  the  subject  of 
fluid  pressure,  it  will  scarcely  be  necessary 
to  observe  that  the  law  of  equality  of  pres- 
sure in  all  directions  also  holds  good  in  the 
case  of  the  atmosphere.  The  perfect  mo- 
bility of  the  particles  of  air  permits  the 
transmission  of  the  force  generated  by 
their  gravity.  The  sides  and  bottom  of 
an  exhausted  vessel  are  pressed  upon  with 
as  much  force  as  the  top. 
If  a  glass  tube  of  considerable  length 
could  be  perfectly  exhausted  of  air,  and  then  held  in  an  upright  position, 
with  one  of  its  ends  dipping  into  a  vessel  of  liquid,  the  latter,  on  being 
allowed  access  to  the  tube,  would  rise  in  its  interior  until  the  weight  of 
the  column  balanced  the  pressure  of  the  air  upon  the  surface  of  the  liquid. 
Now  if  the  density  of  this  liquid  were  known,  and  the  height  and  area  of 
the  oolumn  measured,  means  would  be  furnished  for  exactly  estimating  the 
I  Jrt.,r*t  Af  pressure  exerted  by  the  atmosphere.  Such  an  instrument  is  the 
S^^?7S«lfot  glass  tube  is  taken,  about  36  inches  in  length,  and 
sealed  bj  A. ^blowpipe  P^  *  one  extremity ;  it  is  then  filled  with  clean, 
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dry  mercury,  care  being  taken  to  displace  all  air-babbles,  the  open  end 
stopped  with  a  finger,  and  the  tube  inrerted  in  the  basin  of  mercury.  On 
removing  the  finger,  the  fluid  sinks  away  from  the  top  of  the  tube,  until  it 
stands  at  the  height  of  about  30  inches  above  the  level  of  that  in  the  basin. 
Here  it  remains  supported  by,  and  balancing  the  atmospheric  pressure, 
the  space  above  the  mercury  in  the  tube  being  of  necessity  empty. 

The  pressure  of  the  atmosphere  is  thus  seen  to  be  capable 
of  sustaining  a  column  of  mercury  30  inches  in  height,  or 
thereabouts :  now  such  a  column,  having  an  area  of  one  inch, 
weighs  between  14  and  15  pounds:  consequently  such  must 
be  the  amount  of  the  pressure  exerted  upon  every  square  inch 
of  the  surface  of  the  earth,  and  of  the  objects  situated  thereon, 
at  least  near  the  level  of  the  sea.  This  enormous  force  is 
borne  without  inconvenience  by  the  animal  frame,  by  reason 
of  its  perfect  uniformity  in  every  direction ;  and  it  may  be 
doubled,  or  even  tripled,  without  injury. 

A  barometer  may  be  constructed  with, other  liquids  besides 
mercury;  but  as  the  height  of  the  column  must  always  bear 
an  inverse  proportion  to  the  density  of  the  liquid,  the  length 
of  tube  required  will  be  often  considerable ;  in  the  case  of 
water  it  will  exceed  33  feet.  It  is  seldom  that  any  other  liquid 
than  mercury  is  employed  in  the  construction  of  this  instru- 
ment. The  Royal  Society  of  London  possessed  a  water  barom-  . 
eter  at  their  apartments  at  Somerset  House.  Its  construction 
was  attended  with  great  difficulties,  and  it  was  found  impos- 
sible to  keep  it  in  repair. 

It  will  now  be  necessary  to  consider  a  roost  important  law 
which  connects  the  volume  occupied  by  a  gas  with  the  pressure 
made  upon  it,  and  is  thus  expressed : 
The  volume  of  gas  is  inversely  as  the  pressure ;  the  density 
and  elastic  force  are  directly  as  the  pressure,  and  inversely 
as  the  volume. 
For  instance,  100  cubic  inches  of  gas  under  a  pressure  of 
30  inehes  of  mercury  would  expand  to  200  cubic  inches  were 
the  pressure  reduced  to  one  half,  and  shrink,  on  the  contrary, 
to  60  cubic  inches  if  the  original  pressure  were  doubled.    The 
change  of  density  must  necessarily  be  in  the  inverse  proportion 
to  that  of  the  volume,  and  the  elastic  force  follows  the  same 
role. 

This,  which  is  usually  called  the  law  of  Mariotte,  though 
really  discovered  by  Boyle  (1661),  is  easily  demonstrable  by 
direct  experiment.  A  glass  tube,  about  7  feet  in  length,  is 
closed  at  one  end,  and  bent  into  the  form  represented  in  fig.  18,  the  open 
limb  of  the  syphon  being  the  longer.  It  is  next  attached  to  a  board  fur- 
nished with  a  movable  scale  of  inches,  and  enough  mercury  is  introduced 
to  fill  the  bend,  the  level  being  evenly  adjusted,  and  marked  upon  the 
board.  Mercury  is  now  poured  into  the  tube  until  it  is  found  that  the 
inclosed  air  has  been  reduced  to  one  half  of  its  former  volume ;  and  on 
applying  the  scale,  it  will  be  found  that  the  level  of  the  mercury  in  the 
open  part  of  the  tube  stands  very  nearly  30  inches  above  that  in  the  closed 
portion.  The  pressure  of  an  additional  '•atmosphere"  has  consequently 
reduced  the  bulk  of  the  contained  air  to  one  half.  If  the  experiment  be 
still  continued  until  the  volume  of  air  is  reduced  to  a  third,  it  will  be 
found  that  the  column  measures  60  inches,  and  so  in  like  proportion  as 
far  as  the  experiment  is  carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the  principle 
than  for  furnishing  rigorous  proof  of  the  law;  this  has,  however,  been 
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done.  MM.  Arago  and  Dulong  published,  in  the  year  1830,  an  aeconni  of 
eertain  experiments  made  by  them  in  Paris,  in  which  the  law  in  question 
bad  been  verified  to  the  extent  of  27  atmospheres.  And  with  rarefied  air, 
of  whatever  degree  of  rarefaction,  the  law  has  been  found  true. 

All   gases   are   alike   subject   to   this  law,  and    all 
Fio- 1*.  vapors   of    volatile   liquids,   when  remote  from  their 

points  of  liquefaction.*  It  is  a  matter  of  the  greatest 
importance  in  practical  chemistry,  since  it  gives  the 
means  of  making  corrections  for  pressure,  or  deter- 
mining by  calculation  the  change  of  volume  which-  a 
gas  would  suffer  by  any  given  change  of  external 
pressure. 

Let  it  be  required,  for  example,  to  solve  the  follow- 
ing problem:  We  have  100  cubic  inches  of  gas  in  a 
graduated  jar,  the  barometer  standing  at  29  inches; 
how  many  cubic  inches  will  it  occupy  when  the  column 
rises  to  80  inches  ? — Now  the  volume  must  be  inversely 
as  the  pressure:  consequently  a  change  of  pressure 
in  the  proportion  of  29  to  30  must  be  accompanied  by 
a  change  of  volume  in  the  proportion  of  30  to  29,  the 
80  cubic  inches  of  gas  contracting  to  29  cubic  inches 
under  the  conditions  imagined.    Hence  the  answer: 

30  :  29  =  100  :  96  67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The 
pupil  will  do  well  to  familiarixe  himself  with  the  sim- 
ple calculations  of  correction  for  pressure. 

From  what  has  been  said  respecting  the  easy  com- 
pressibility of  gases,  it  will  be  at  once  seen  that  the 
atmosphere  cannot  have  the  same  density,  and  cannot 
exert  equal  pressures  at  different  elevations  above  the 
sea-level,  but  that,  on  the  contrary,  these  must  dimin- 
ish with  the  altitude,  and  very  rapidly.  The  lower 
strata  of  air  have  to  bear  the  weight  of  those  above 
them;  they  become,  in  consequence,  denser  and  more 
compressed  than  the  upper  portions.  The  following 
table,  which  is  taken  from  Prof.  Graham's  work, 
shows  in  a  very  simple  manner  the  rule  followed  in 
this  respect: 


Height  shore  the 

Height  of  barometer, 

sea,  in  miles. 

Volume  of  air. 

in  inches. 

0 

.        1     . 

.     80 

2-705 

2 

15 

6-41       . 

4    . 

.       7-6 

8-115 

8 

3-75 

10-82      . 

.     16    . 

.       1-875 

13-525 

32 

0-9375 

16-23       . 

.     64     . 

.       0-46875 

The  numbers  in  the  first  column  form  an  arithmetical  series,  by  the  con- 
stant addition  of  2-705;  those  in  the  second  column  an  increasing  geomet- 
rical series,  each  being  double  its  predecessor ;  and  those  in  the  third,  a 
decreasing  geometrical  series,  in  which  each  number  is  the  half  of  that 
standing  above  it. 

*  Near  the  liquefying  point  the  law  no  longer  holds ;  the  rolnme  diminishes  mart  rapidly 
ft»«i  the  theory  indicates,  a  smaller  amount  of  pressure  being  then  sufficient. 
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In  ascending  into  the  air  in  a  balloon,  these  effects  are  well  observed ; 
the  expansion  of  the  gas  within  the  machine,  and  the  fall  of  the  mercury 
in  the  barometer,  soon  indicate  to  the  voyager  the  fact  of  his  haying  left 
below  him  a  considerable  part  of  the  whole  atmosphere. 

The  invention  of  the  barometer,  which  took  place  in  the 
year  1643,  by  Torricelli,  a  pupil  of  the  celebrated  Galileo, 
speedily  led  to  the  observation  that  the  atmospheric  pressure 
at  the  same  level  is  not  constant,  but  possesses,  on  the  con- 
trary, a  small  range  of  variation,  seldom  exceeding  in  Europe 
2  or  2-5  inches,  and  within  the  tropics  usually  confined  within 
much  narrower  limits.  Two  kinds  of  variations  are  distin- 
guished: regular  or  horary,  and  irregular  or  accidental.  It 
has  been  observed  that  in  Europe  the  height  of  the  barometer 
is  greatest  at  two  periods  in  the  twenty-four  hours,  depending 
upon  the  season.  In  winter,  the  first  maximum  takes  place 
about  9  a.  m.,  the  first  minimum  at  3  p.  m.,  after  which  the 
mercury  again  rises  and  attains  its  greatest  elevation  at  9  in 
the  evening:  in  summer  these  hours  of  the  aerial  tides  are 
somewhat  altered.  The  accidental  variations  are  much  greater 
in  amount,  and  render  it  extremely  difficult  to  trace  the  regu- 
lar changes  above  mentioned. 

The  barometer  is  applied  with  great  advantage  to  the  mea- 
surement of  accessible  heights,  and  it  is  also  in  daily  use  for 
foretelling  the  state  of  the  weather;  its  indications  are  in  this 
respect  extremely  deceptive,  except  in  the  case  of  sudden  and 
violent  storms,  which  are  almost  always  preceded  by  a  rapid 
fall  in  the  mercurial  column.  It  is  often  extremely  useful  in 
this  respect  at  sea. 

To  the  practical  chemist  a  moderately  good  barometer  is  an 
indispensable  article,  since  in  all  experiments  in  which  volumes 
of  gases  are  to  be  estimated,  an  account  must  be  taken  of  the 
atmospheric  pressure.  Fig.  19  represents  a  very  convenient 
and  economical  syphon-barometer  for  this  purpose.  A  piece 
of  new  and  stout  tube,  of  about  one  third  of  an  inch  in  diam- 
eter, is  procured  at  the  glass-house,  sealed  at  one  extremity, 
and  bent  into  the  syphon-form,  as  represented.  Pure  and 
warm  mercury  is  next  introduced  by  successive  portions  until 
the  tube  is  completely  filled,  and  the  latter  being  held  in  an 
upright  position,  the  level  of  the  metal  in  the  lower  and  open 
limb  is  conveniently  adjusted  by  displacing  a  portion  with  a 
stick  or  glass  rod.  The  barometer  is,  lastly,  attached  to  a 
board,  and  furnished  with  a  long  scale,  made  to  slide,  which 
may  be  of  box-wood,  with  a  slip  of  ivory  at  each  end.  When 
an  observation  is  to  be  taken,  the  lower  extremity  or  zero  of 
the  scale  is  placed  exactly  even  with  the  mercury  in  the  short 
limb,  and  then  the  height  of  the  column  is  at  once  read  off. 
4* 
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HEAT. 

IT  will  be  conTenient  to  consider  the  subject  of  heat  under  several  sec- 
tions, and  in  the  following  order : — 

1.  Expansion  of  bodies,  or  effects  of  variations  of  temperature  in  alter- 

ing their  dimensions. 

2.  Conduction,  or  transmission  of  heat. 
8.  Change  of  state. 

4.  Specific  heat. 
6.  Sources  of  heat 
6.  Dynamical  theory  of  heat. 

The  phenomena  of  radiation  must  be  deferred  until  a  sketch  has  been 
given  of  the  science  of  light. 

EXPANSION. 

If  a  bar  of  metal  of  such  magnitude  as  to  fit  accurately  to  a  gauge,  when 
cold,  be  heated  considerably,  and  again  applied  to  the  gauge,  it  will  he  found 
to  have  become  enlarged  in  all  its  dimensions.  When  cold,  it  will  once 
more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb,  furnished  with 
a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any  other  source 

Fig.  20.  Fig.  21.  Fig.  22. 
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of  heat,  the  liquid  will  mount  in  the  stem,  showing  that  its  volume  has 
been  increased.  The  bulb,  however,  has  likewise  expanded  by  the  heat, 
and  its  capacity  has  consequently  been  augmented.  The  rise  of  the  liquid 
in  the  tube,  therefore,  denotes  the  difference  between  these  two  expansions. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application  of  a 
slight  degree  of  heat  will  suffice  to  make  it  occupy  a  space  sensibly  larger. 

This  most  general  of  all  the  effects  of  heat  furnishes  in  the  outset  a 
principle,  by  the  aid  of  which  an  instrument  can  be  constructed  capable 
of  taking  cognisance  of  changes  of  temperature  in  a  manner  equally  ac- 
curate and  convenient :  such  an  instrument  is  the  thermometer. 

A  capillary  glass  tube  is  chosen,  of  uniform  diameter :  one  extremity  is 
closed  and  expanded  into  a  bulb,  by  the  aid  of  the  blowpipe  flame,  and  the 
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other  somewhat  drawn  oat,  and  left  open.  The  bulb  is  now  cautiously 
heated  by  a  spirit-lamp,  and  the  open  extremity  plunged  into  a  Teasel  of 
mercury,  a  portion  of  which  rises  into  the  bulb  when  the  latter  cools, 
replacing  the  air  which  had  been  expanded  and  driven  out  by  the  heat. 
By  again  applying  the  flame,  and  causing  this  mercury  to  boil,  the  remain- 
der of  the  air  is  easily  expelled,  and  the  whole  space  filled  with  mercurial 
vapor.  The  open  end  of  the  tube  must  now  be  immediately  plunged  into 
the  vessel  filled  with  mercury ;  as  the  metallic  vapors  condense,  the  pres- 
sure of  the  external  air  forces  the  liquid  metal  into  the  instrument,  until 
finally  the  tube  is  completely  filled  with  mercury.  The  thermometer  thus 
filled  is  now  to  be  heated  until  so  much  mercury  has  been  driven  out  by 
the  expansion  of  the  remainder,  that  its  level  in  the  tube  shall  stand  at 
common  temperatures  at  the  point  required.  This  being  satisfactorily 
adjusted,  the  heat  is  once  more  applied,  until  the  column  rises  quite  to  the 
top;  and  then  the  extremity  of  the  tube  is  hermetically 
sealed  by  the  blowpipe.  The  retraction  of  the  mercury 
on  cooling  now  leaves  an  empty  space,  which  is  essen- 
tial to  the  perfection  of  the  instrument. 

The  thermometer  has  yet  to  bo  graduated;  and  to 
make  its  indications  comparable  with  those  of  other 
instrument*,  a  scale,  having  at  the  least  two  fixed 
points,  must  be  adapted  to  it. 

It  has  been  observed,  that  the  temperature  of  melting 
iee,  that  is  to  say,  of  a  mixture  of  ice  and  water,  is 
always  constant;  a  thermometer,  already  graduated, 
plunged  into  such  a  mixture,  always  marks  the  same 
degree  of  temperature,  and  a  simple  tube  filled  in  the 
manner  described  and  so  treated,  exhibits  the  same 
effect  in  the  unchanged  height  of  the  little  mercurial 
column,  when  tried  from  day  to  day.  The  freezing- 
point  of  water,  or  melting-point  of  ice,  constitutes  then 
one  of  the  invariable  temperatures  demanded. 

Another  is  to  be  found  in  the  boiling-point  of  water,  or,  more  accurately, 
in  the  temperature  of  steam  which  rises  from  boiling  water.  In  order  to 
give  this  temperature,  which  remains  perfectly  constant  whilst  the  baro- 
metric pressure  is  constant,  to  the  mercury  of  the  thermometer,  distilled 
water  is  made  to  boil  in  a  glass  vessel  with  a  long  neck,  when  the  pressure 
is  at  30  inches  (fig.  23).  The  thermometer  is  then  so  placed  that  all  the 
mercury  is  surroundea  with  steam.  It  quickly  rises  to  a  fixed  point,  and 
there  it  remains  as  long  as  the  water  boils,  and  the  height  of  the  barometer 
is  unchanged. 

The  tube  having  been  carefully  marked  with  a  file  at  these  two  points,  it 
remains  to  divide  the  interval  into  degrees:  this  division  is  entirely  arbi- 
trary. The  scale  now  most  generally  employed  is  the  Centigrade,  in  which 
the  space  is  divided  into  100  parts,  the  zero  being  placed  at  the  freezing- 
point  of  water.  The  scale  is  continued  above  and  below  these  points, 
numbers  below  0  being  distinguished  by  the  negative  sign. 

In  England  the  division  of  Fahrenheit  is  still  in  use:  the  above-mentioned 
space  is  divided  into  180  degrees;  but  the  zero,  instead  of  starting  from 
tie  freezing-point  of  water,  is  placed  32  degrees  below  it,  so  that  the  tem- 
perature of  ebullition  is  expressed  by  212°. 

The  plan  of  Reaumur  is  nearly  confined  to  a  few  places  in  the  north  of 
Germany  and  to  Russia:  in  this  scale  the  freezing-point  of  water  is  made 
0°,  and  the  boiling-point  80°. 

It  is  unfortunate  that  a  uniform  system  has  not  been  generally  adopted 
in  graduating  thermometers:  this  would  render  unnecessary  the  labor 
which  now  so  frequently  has  to  be  performed  of  translating  the  language 
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of  one  scale  into  that  of  another.  To.  effect  this,  presents,  howerer,  no 
great  difficulty.  Let  it  be  required,  for  example,  to  know  the  degree  of 
Fahrenheit's  scale  which  corresponds  to  60°  C. 


Consequently, 


100°  C  -=  180°  F,  or  6°  C  =  9°  F. 
6  :  9  =  60  :  108. 


that 


But  then,  as  Fahrenheit's  scale  commences  with  82°  instead  of  0°, 
number  must  be  added  to  the  result,  making  60°  C  =3  140°  F. 

The  rule  then  will  be  the  following: — To  convert  Centigrade  degrees 
into  Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  5,  and  add 
82;  to  convert  Fahrenheit  degrees  into  Centigrade  degrees,  subtract  32, 
multiply  by  5,  and  divide  by  9. 

The  reduction  of  negntive  degrees,  or  those  below  tero  of  one  scale  into 
those  of  another  scale,  is  effected  in  the  same  way.  For  example,  to  con- 
vert—  16°  C.  into  degrees  of  Fahrenheit  — 

9 
We  have  — 15  X  —  +  82  =  —  27  +  82  =  +  6  F. 
6 

In  this  work,  temperatures  will  always  be  given  in  Centigrade  degrees, 
unless  the  contrary  is  expressly  stated. 

Mercury  is  usually  chosen  for  making  thermometers,  on  account  of  its 
regularity  of  expansion  within  certain  limits,  and  because  it  is  easy  to 
have  the  scale  of  great  extent,  from  the  large  interval  between  the  freezing 
and  boiling  points  of  the  metal.  Other  substances  are  sometimes  used: 
alcohol  is  employed  for  estimating  very  low  temperatures,  because  this 
liquid  has  not  been  frosen  even  at  the  lowest  degree  of  cold  which  has  been 
artificially  produced. 

Air-thermometers  are  also  used  for  some  few  particular  purposes:  indeed, 
the  first  thermometer  ever  made  was  of  this  kind.  There  are  two  modifica- 
tions of  this  instrument:  in  the  first,  the  liquid  into  which  the  tube  dips  is 
open  to  the  air;  and  in  the  second,  shown  in  fig.  24,  the  atmosphere  is 
completely  excluded.  The  effects  of  expansion  are  in  the  one  case  compli- 
cated with  those  arising  from  changes  of  pressure,  and  in  the  other  cease 
to  be  visible  at  all  when  the  whole  instrument  is  subjected  to  alterations  of 
temperature,  because  the  air  in  the  upper  and  lower  reservoir  being  equally 
affected  by  such  changes,  no  alteration  in  the  height  of  the  fluid  column 
Fig.lA. 


Fig.  25. 
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ean  occur.  Accordingly,  each  instruments  are  called  differential  thermom- 
eters, since  they  serve  to  measure  differences  of  temperature  between  the 
two  portions  of  air,  while  changes  affecting  both  alike  are  not  indicated. 
Fig.  25  shows  another  form  of  the  same  instrument. 

The  air- thermometer  may  be  employed  for  measuring  all  temperatures 
from  the  lowest  to  the  highest;  M.  Pouillet  has  described  one  by  which  the 
heat  of  an  air-furnace  could  be  measured.  The  reservoir  of  this  instru- 
ment is  of  platinum,  and  it  is  connected  with  a  piece  of  apparatus  by 
which  the  increase  of  volume  experienced  by  the  included  air  is  determined. 

An  excellent  air-thermometer  has  been  constructed  and  used  by  Rudberg, 
and  more  recently  by  Magnus  and  Regnault,  for  measuring  the  expansion 
of  the  air.  Its  construction  depends  on  the  law,  that  when  air  is  heated 
and  hindered  from  expanding,  its  tension  increases  in  the  same  proportion 
in  which  it  would  have  increased  in  volume  if  permitted  to  expand. 

All  bodies  are  enlarged  in  their  dimensions  by  the  application  of  heat, 
sod  reduced  by  its  abstraction,  or,  in  other  words,  contract  on  being  artifi- 
cially cooled:  this  effect  takes  place  to  a  comparatively  small  extent  with 
solids,  to  a  larger  amount  in  liquids,  and  most  of  all  in  the  case  of  gases. 

Each  solid  and  liquid  has  a  rate  of  expansion  peculiar  to  itself ;  gases, 
on  the  contrary,  expand  nearly  alike  for  the  same  increase  of  heat. 

Expansion  of  Solid*. — The  difference  of  expansibility  among  solids  is  very 
easily  illustrated  by  the  following  arrangement:  a  thin,  straight  bar  of  iron 
is  firmly  fixed,  by  numerous  rivets,  to  a  similar  bar  of  brass :  so  long  as 
the  temperature  at  which  the  two  metals  were  united  remains  unchanged, 
the  compound  bar  preserves  its  straight  figure ;  but  any  alteration  of  tem- 
perature gives  rise  to  a  corresponding  curvature.  Brass  is  more  dilatable 
than  iron;  if  the  bar  be  heated,  therefore,  the  former  expands  more  than 
the  latter,  and  forces  the  straight  bar  into  a  curve,  whose  convex  side  is 
the  brass;  if  it  be  artificially  cooled,  the  brass  contracts  more  than  the 
iron,  and  the  reverse  of  this  effect  is  produced. 


ass2i5saBsEs2*SEfsaito 


This  fact  has  received  a  most  valuable  application.  It  is  not  necessary 
to  insist  on  the  importance  of  possessing  instruments  for  the  accurate  mea- 
surement of  time;  such  are  absolutely  indispensable  to  .the  successful 
cultivation  of  astronomical  science,  and  not  less  useful  to  the  navigator, 
from  the  assistance  they  give  him  in  finding  the  longitude  at  sea.  For  a 
long  time,  notwithstanding  the  perfection  of  finish  and  adjustment  be- 
stowed upon  clocks  and  watches,  an  apparently  insurmountable  obstacle 
presented  itself  to  their  uniform  and  regular  movement:  this  obstacle  was 
the  change  of  dimensions  to  which  the  regulating  parts  of  the  machine 
were  subject  by  alterations  of  temperature.  A  clock  may  be  defined  as  an 
instrument  for  registering  the  number  of  beats  made  by  a  pendulum :  now 
the  time  of  oscillation  of  a  pendulum  depends  principally  upon  its  length; 
&ny  alteration  in  this  condition  will  seriously  affect  the  rate  of  the  clock. 
The  material  of  which  the  rod  of  the  pendulum  is  composed  is  subject  to 
expansion  and  contraction  by  changes  of  temperature ;  so  that  a  pendulum 
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adia«teH  to  vibrate  sec*nd«  at  15-5^  would  go  too  alow  if  the  tenperamw 
ro*e  to  *J»'°.  fr«>m  it*  becoming  longer,  and  too  fast  if  the  temperature  fell 
to  1<^.  from  the  opposite  c*u*«. 

Thi«  great  dii5<ru.tT  baa  been  oTcrcosae  by  making  the  rod  of  a  number 
of  bar*  of  into  and  bra*s.  or  ir*a  and  line,  metals  whose  rates  of  expan- 
sion are  different,  and  arrax.rjng  these  bars  in  such  a  manner  that  the 
expansion  in  one  direction  of  tne  iron  shall  be  exactly  compensated  by 
that  in  the  opposite  direction  of  the  brass  or  line,  it  is  possible  to  maintain 
under  all  cirram«tances  of  temperature  an  inTariable  distance  between  the 
point*  of  Mj«pcn«ion  and  of  oscillation.  This  is  often  called  the  gridiron 
pmHulur*:  fig  11  will  clearly  illustrate  its  principle;  the  shaded  bars  are 
supposed  to  be  iron  and  the  others  tine. 


**»- 


/*» 


U. 


Fig.  £9. 


A  still  simpler  compensation-pendulum  is  thus  constructed.  The  weight 
or  bob,  instead  of  being  made  of  a  disc  of  metal,  consists  of  a  cylindrical 
glass  jar  containing  mercury,  which  is  held  by  a  stirrup  at  the  extremity 
of  the  steel  pendulum-rod,  fig.  28.  The  same  increase  of  temperature 
which  lengthens  this  rod,  causes  the  volume  of  the  mercury  to  enlarge, 
and  its  level  to  rise  in  the  jar:  the  centre  of  gravity  is  thus  elevated,  and 
by  properly  adjusting  the  quantity  of  mercury  in 
the  glass,  the  virtual  length  of  the  pendulum  may 
be  made  constant. 

In  watches,  the  governing  power  is  a  horizontal 
weighted  wheel,  set  in  motion  in  one  direction  by 
the  machine  itself,  and  in  the  other  by  a  fine  spiral 
spring.  The  rate  of  going  depends  greatly  on  the 
diameter  of  this  wheel,  and  the  diameter  is  of  ne- 
cessity subject  to  variation  by  change  of  tempera- 
ture. To  remedy  the  evil  thus  involved,  the  cir- 
cumference of  the  balance-wheel  is  made  of  two 
metals  having  different  rates  of  expansion,  firmly 
soldered  together,  the  more  expansible  being  on  the 
outside.  The  compound  rim  is  also  cut  through  in  two  places,  as  repre- 
sented in  the  drawing.  When  the  watch  is  exposed  to  a  high  temperature, 
ana  the  diameter  of  the  wheel  becomes  enlarged  by  expansion,  each  seg- 
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Fig.  dO. 


ment  is  made,  by  the  same  agency,  to  assume  a  sharper  curve,  whereby 
its  centre  of  gravity  is  thrown  inward,  and  the  expansive  effect  completely 
compensated.  Many  other  beautiful  applications  of  the  same  principle 
might  be  pointed  out :  the  metallic  thermometer  of  M.  Breguet  is  one  of 
these. 

Mr.  Daniell  very  skilfully  applied  the  expansion  of  a  rod  of  metal  to 
the  measurement  of  temperatures  above  those  capable  of  being  indicated  by 
the  thermometer.     A  rod  of  iron  or  pla- 
tinum, about  five  inches  long,  is  dropped 
into  a  tube  of  black  lead  earthenware;  a 
little  cylinder  of  baked  porcelain  is  put 
orer  it,  and  secured  in  its  place  by  a  pla- 
tinum strap   and  a   wedge   of   porcelain. 
When  the  whole  is  exposed  to  heat,  the  ex- 
pansion  of    the    bar   drives    forward    the 
cylinder,  which  moves  with  a  certain  de- 
gree of  friction,  and  shows,  by  the  extent 
of  its  displacement,  the  lengthening  which 
the  bar  has  undergone.     It  remains,  there- 
fore, to  measure  the  amount  of  its  displace- 
ment, which  must  be  very  email,  even  when 
the  heat   has    been    exceedingly  intense. 
This  is  effected  by  the  contrivance  shown 
in  figure  80,  in  which  the  motion  of  the  I 
longer  arm  of  the  lever  carrying  the  vernier 
of  the  scale  is  multiplied  by  10,  in  consequence  of  its  superior  length.    The 
scale  itself  is  made  comparable  with  that  of  the  ordinary  thermometer,  by 
plunging  the  instrument  into  a  bath  of  mercury  near  its  point  of  congela- 
tion, and  afterwards  into  another  of  the  same  metal  in  a  boiling  state,  and 
marking  off  the  interval.     By  this  instrument  the  melting-point  of  cast 
iron  was  fixed  at  1530°  C.  (2786°  F.),  and  the  greatest  heat  of  a  good  wind- 
furnace  at  about  1815°  C.  (8390°  P.) 

The  actual  amount  of  expansion  which  different  solids  undergo  by  the 
ume  increase  of  heat  has  been  carefully  investigated.  The  following  are 
some  of  the  results  of  the  best  investigations,  more  particularly  those  of 
L&Toisier  and  Laplace.  The  fraction  indicates  the  amount  of  expansion  in 
length  suffered  by  rods  of  the  undermentioned  bodies  in  passing  from  0° 
to  100°: 


Firwood* . 
English  flint  glass 
Platinumf 

Common  white  glasst 
Common  white  glass} 
Glass  without  lead 
Another  specimen    . 
Steel  untempered 


ttVt 

1160 

Si 

ToTTo* 


Tempered  steel 

■sir 

Soft  iron        .        . 

TJJF 

Gold         .... 

"BTJ 

Copper. 

Brass        .... 

FS7 

Silver    .... 

TIT 

Lead         .... 

Hi 

Zino      .... 

*E 

From  the  linear  expansion,  the  cMc  expansion  (or  increase  of  volume) 
m*J  be  calculated.  When  the  expansion  of  a  body  in  different  directions 
*■  equal,  as,  for  example,  in  glass,  hammered  metals,  and  generally  in 
most  uncrystallized  substances,  it  will  be  sufficient  to  triple  the  fraction 
"pressing  the  increase  in  one  dimension.     This  rule  does  not  hold  true 


•  !» t»*  toectkm  of  the  vesaeb — Kater. 
tbUoag  and  Petit. 


tBorda. 

\  Lavoisier  and  Laplace ;  also  Magnus. 
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great-    Is  laying  den 


raagea  at* 


l»f«lTl 


It  IS 


tvr  *tj*a~m  \*r.:^TA%  to  sre^iler 
ta*  *s. /**-.'.«  *f  ia*  i.ffereni  axea. 

M*r*.t  *f?«*r  l*  ext-asri  ere'.sy  ax.'' 
»>.Jw>*  •$**  .  BtiU  sc*r**t ;  tit  a.*<*e  ia* 
esf<**».'»a  **se*.«use  ;rTtnUf  &ii  av;r*  r%;.L 

T&*  f'/r«r*  *'i*ru*J  in  tte  act  «f  exit**j^a  »  sery  | 
reilwayt.  \r%.*Utkt.  "">•  brvir**.  er*c*:-ag  -:ng 
ia  *x«*r«'iag  a**  »'>ru  of  lie  kit4  ia  »k>ra  metal 
iad.tp^etar/e  to  mate  proTu>.o*  fie  :ae««  taMfa  at*  4 

la  './/ft***, uence  of  rU«>  ***i  pleuanai  baring  scarry  tbe  same  lami  of 
exp*c.*»"*.  a  thin  plu.ncm  wire  may  be  fused  au  a  glass  nkc,  wiimesn 
aaj  fear  u.ai  ike  rU*s  will  break  oa  cooling. 

A  i*rj  u**ful  iiuie  appl.eat:<>a  of  ext*Joi*n  by  beat  ts  tbat  of  toe  cut- 
ting of  |r'.*««  by  a  b  >i  iron:  this  i«  co*«taa:iy  practised  ia  ta«  laboratory 
for  a  gr~*i  variMy  of  purposes.  The  gla«s  to  be  cat  is  searkeel  with  ink 
la  tb*  required  'Jire<rtioa,  and  tbea  a  crack,  commenced  by  aay  eoaTemieat 
m*tb'/d,  at  some  dittance  from  the  de*ired  line  of  fraetnre,  aiay  be  led  by 
the  point  of  a  heated  iron  rod  alonjr  tbe  Utter  with  the  greatest  precision. 

E/patiMv/n  0/  Liquid*. — Tbe  dictation  of  a  liquid  bat  be  determined  by 
filling  a  tberttiotueter  with  it,  in  which  the  relation  between  tbe  capacity 
of  tbe  ball  and  that  of  tbe  stem  is  exactly  known,  and  observing  tbe  height 
of  tbe  column  at  different  temperatures.  It  is  necessary  ia  this  experiment 
to  take  into  account  the  effects  of  the  expansion  of  tbe  glass  itself,  tbe 
observed  result  being  evidently  the  diferenc*  of  tbe  two. 

Liquid*  vary  exceedingly  in  this  particular.  The  following  table  is  taken 
from  Pellet's  £UmenU  dt  I'kyrupu: 
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Apparent  Dilatation  at  Glan  between  0°  mnd  100°. 

Water     .... 
Hydrochloric  acid,  sp.  gr, 
Nitric  acid,  sp.  gr.  1-4    . 
Hulpburic  acid,  sp.  gr.  1*85 
Ether      .... 
Olive  oil     ... 
Alcohol  .... 
Mercury    .... 


s 


Most  of  I b«»p  number*  MOfi  be  taken  as  representing  mean  results;  for 

tbeff  are  few  liquid*  which,  lik^  mercury,  expand  regularly  between  these 

mtneraturr*.     Keen  mercury  above  UMQ  shows  an  unequal  and  increasing 

1    If  tbe  temperature  indicated  by  ihe  air-tberwtometer  be  used 

tJ  sw»peris<m-     TMi  is  -a«wa  ty  the  following  abstract  of  a  Uble  giyen 

b;  |tei|r"»«l1  * 

\U  «4lh(E  Sf  WiTvurUl 
TtigrumwiitSR 

MP 

801* 

W.A' 


l^llbf  Jif  Air 


t*p 


T'-ni^iTntiiri'  <lr-duced  from  the 
aUoluti*  nipMjiiioti  of  Mercury. 

<P 

J00* 

8QMB° 

tt0'9*° 

362-16° 


Ann  amount  of  expiuisioD  of  mercury  iwt  frr  tunny  reasons,  a 
,  (nnfurtanco;    i«   )*»*  been  wry  carefully  determined  by  a 
,,'„,   ,,1   rhf  PX|iatiMhm  of  (he  staining  vessel.     The  ap- 
I  frt,   this  purpose,  fir«t  l>J  MM.  Dolong   and  Petit,  and 
lawn  lA  «g+  »*,  di¥«st«d,  however,  of  many  of  its 
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subordinate  parts.  It  consists  of  two  upright  glass  tubes,  connected  at 
their  bases  by  a  horizontal  tube  of  much  smaller  dimensions.  Since  a  free 
communication  exists  between  the  two  tubes,  mercury  poured  into  the  one 
will  rise  to  the  same  level  in  the  other,  provided  its  temperature  is  the 
same  in  both  tubes ;  when  this  is  not  the  case,  the  hotter  column  will  be 
the  taller,  because  the  expansion  of  the  metal  diminishes  its  specific  gravity, 
•nd  the  law  of  hydrostatic  equilibrium  requires  that  the  height  of  such 
columns  should  be  inversely  as  their  densities.  By  the  aid  of  the  outer 
cylinders,  one  of  the  tubes  is  maintained  constantly  at  0°,  while  the  other 
is  raised,  by  means  of  heated  water  or  oil,  to  any  required  temperature. 
The  perpendicular  heights  of  the  columns  may  then  be  read  off  by  a  hori- 
zontal micrometer  telescope,  moving  on  a  vertical  divided  scale. 

These  heights  represent  volumes  of  equal  weight,  because  volumes  of 
equal  weight  bear  an  inverse  proportion  to  the  densities  of  the  liquids,  so 
that  the  amount  of  expansion  admits  of  being  very  easily  calculated.  Thus, 
let  the  column  at  0°  be  six  inches  high,  and  that  at  100°,  6-108  inches;  the 
increase  of  height,  108  on  6000,  or  F£5  part  of  the  actual  cubical  expansion. 

Fig.  Si. 


The  indications  of  the  mercurial  thermometer  are  inaccurate  when  very 
high  ranges  of  temperature  are  concerned,  from  the  increased  expansi- 
bility of  the  metal.  The  error  thus  caused  is,  however,  nearly  compen- 
sated for  temperatures  under  204*5°  by  the  expansion  of  the  glass  tube.  For 
higher  temperatures  a  small  correction  is  necessary,  as  the  above  table  shows. 

To  what  extent  the  expansion  of  different  liquids  may  vary  between  the 
same  temperatures  is  obvious  from  a  glance  at  fig.  32,  which  represents  the 
expansion  of  mercury  (M),  water  (W),  oil  of  turpentine  (T),  and  alcohol 
•A).  A  column  of  these  several  liquids,  equalling  at  0°  the  tenfold  height 
of  the  line  0  0-1  in  the  diagram,  would  exhibit,  when  heated  to  a  temper- 
ature of  10°,  20°,  30°,  &c,  an  expansion  indicated  by  the  distances  at 
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*bich  the  perpendicular  lines  drawn  over  the  numbers  10,  20,  30,  Ac,  are 
iotenected  by  the  curves  belonging  to  each  of  these  liquids.     Thus  it  is 
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seen  that  oil  of  turpentine,  between  0°  and  100°,  expands  very  nearly  ^ 
of  its  volume,  and  that  mercury,  between  the  same  limits  of  temperature, 
expands  uniformly,  while  the  rate  of  expansion  of  the  other  liquids  increases 
with  the  rise  of  the  temperature. 

An  exception  to  the  regularity  of  expansion  in  liquids  exists  in  the  ease 
of  water ;  it  is  so  remarkable,  and  its  consequences  so  important,  that  it 
is  necessary  to  advert  to  it  particularly. 

Let  a  large  thermometer-tube  be  filled  with  water  at  the  common  tem- 
perature of  the  air,  and  then  artificially  cooled.  The  liquid  will  be  ob- 
served to  contract,  until  the  temperature  falls  to  about  4°  C.  (39*2°  F.,  or 
8°)  above  the  freeiing-point.  After  this  a  further  reduction  of  tempera- 
ture causes  expansion  instead  of  contraction  in  the  volume  of  the  water, 
and  this  expansion  continues  until  the  liquid  arrives  at  its  point  of  con- 
gelation, when  so  sudden  and  violent  an  enlargement  takes  place  that  the 
vessel  is  almost  invariably  broken.  At  the  temperature  of  4°,  water  is  at 
its  maximum  density  ;*  increase  or  diminution  of  heat  produces  upon  it, 
for  a  short  time,  the  same  effect. 

A  beautiful  experiment  by  Dr.  Hope  illustrates  the  same  fact.  If  a  tall 
jar  filled  with  water  at  10°  or  15°,  and  having  in  it  two  small  thermometers, 
one  at  the  bottom  and  the  other  near  the  surface,  be  placed  at  rest  in  a 
very  cold  room,  the  following  changes  will  be  observed : — The  thermometer 
at  the  bottom  will  fall  more  rapidly  than  that  at  the  top,  until  it  has  at- 
tained the  temperature  of  4°,  after  which  it  will  remain  stationary.  At 
length  the  upper  thermometer  will  also  mark  4°,  but  still  continue  to  sink 
as  rapidly  as  before,  while  that  at  the  bottom  remains  stationary.  It  is 
easy  to  explain  these  effects :  the  water  in  the  upper  part  of  the  jar  is  rapidly 
cooled  by  contact  with  the  air;  it  becomes  denser  in  consequence,  and  falls 
to  the  bottom,  its  place  being  supplied  by  the  lighter  and  warmer  liquid, 
which  in  its  turn  suffers  the  same  change ;  and  this  circulation  goes  on 
until  the  whole  mass  of  water  has  acquired  its  condition  of  maximum 
density,  that  is,  until  the  temperature  has  fallen  to  4°.  Beyond  this,  loss 
of  heat  occasions  expansion  instead  of  contraction,  so  that  the  very  cold 
water  on  the  surface  has  no  tendency  to  sink,  but  rather  the  reverse. 

This  singular  anomaly  in  the  behavior  of  water  is  attended  with  the 
most  beneficial  consequences  in  shielding  the  inhabitants  of  the  waters 
from  excessive  cold.  The  deep  lakes  of  the  North  American  continent 
never  freeze,  the  intense  and  prolonged  cold  of  the  winters  of  those  regions 
being  insufficient  to  reduce  the  temperature  of  such  masses  of  water  to  4°. 
Ice,  however,  of  great  thickness  forms  over  the  shallow  portions  and  the 
rivers,  and  accumulates  in  mounds  upon  the  beaches,  where  the  waves  are 
driven  up  by  the  winds 

Above  the  freezing-point,  sea- water  has  no  point  of  maximum  density. 
The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidifies  at  -2-6°.f 
The  gradual  expansion  of  pure  water  cooled  below  4°  must  be  carefully 
distinguished  from  the  great  and  sudden  increase  of  volume  it  exhibits  in 
the  act  of  freezing,  in  which  respect  it  resembles  many  other  bodies  which 

•  According  to  the  latest  researches  of  Kopp,  the  point  of  greatest  density  of  the  water  ii 
4-08°  C.  (39-34°  F.).  According  to  the  determination*  of  this  phjsfcbt,  the  volume  of  water 
—  1  at  0°  C.  changes  when  heated  to  the  following  volumes : 

2°  0-99991 

4°  099988 

6°  0*99990 

8°  0-99999 

10°  1-00012 

12»  1-00031 

14°  1-00056 

i  Neumann,  Poggwtalff's  Annate,  cxtil.  S8& 
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1-00085 

85° 
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70° 
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1-00118 

40° 

1-O0T63 

75° 

1.02544 

20° 

100157 

46° 

100954 

80° 

1*02858 

22° 

1-0O200 

50° 

1-01177 

85° 

1*03189 

04a 

1-00247 

66° 

1*01410 

90° 

1*03540 

26° 

100272 

60° 

0*01069 

95° 

1*03900 

ao° 

140406 

68° 

1*01080 
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expand  on  solidifying.  The  force  thus  exerted  by  freezing  water  is  enor- 
mous. Thick  iron  b hells  quite  filled  with  water,  and  exposed,  with  their 
fuse-holes  securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  have 
been  found  split  on  the  following  morning.  The  freezing  of  water  in  the 
joints  and  crevices  of  rocks  is  a  most  potent  agent  in  their  disintegration. 
Expansion  of  Gases. — This  is  a  point  of  great  practical  importance  to  the 
chemist,  and  happily  we  have  very  excellent  evidence  upon  the  subject. 
The  following  four  propositions  exhibit,  at  a  single  view,  the  principal 
facts  of  the  case: 

1.  All  gases  expand  nearly  alike  for  equal  increments  of  heat ;  and  all 

vapors,  when  remote  from  their  condensing  points,  follow  the  same 
law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of  com- 

pression, or  elastic  force  of  the  gas  itself. 

3.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  actual  amount  of  expansion  is  equal  to  7)T  or  yJ^  or  0*03666  of 

the  volume  of  the  gas  at  0°  Centigrade,  for  each  degree  of  the  same 
scale.* 

It  will  be  unnecessary  to  enter  into  any  description  of  the  methods  of 
investigation  by  which  these  results  have  been  obtained;  the  advanced 
student  will  find  in  Pouillet's  filimtnt*  de  Physique,  and  in  the  papers  of 
Magnus  and  Regnault,t  all  the  information  he  may  require. 

In  the  practical  manipulation  of  gases,  it  very  often  becomes  necessary 
to  make  a  correction  for  temperature,  or  to  discover  how  much  the  volume 
of  a  gas  would  be  increased  or  diminished  by  a  particular  change  of  tem- 
perature; this  can  be  effected  with  great  facility.  Let  it  be  required,  for 
example,  to  find  the  volume  which  100  cubic  inches  of  any  gas  at  10° 
would  become  on  the  temperature  rising  to  20°. 

The  rate  of  expansion  is  Yf  7  or  yj  Jv  of  the  volume  at  0°  for  each  degree ; 
or  3000  measures  at  0°  become  3011  at  1°,  8022  at  2°,  3110  at  10°,  and 
3220  at  20°.     Hence 

Meas.atlO0.       Mens,  at  20°.       Meat,  at  10°.       Meat,  at  20°. 
3110        :        3220      =        100        :      103637 

If  this  calculation  in  required  to  be  made  on  the  Fahrenheit  scale,  it 
must  be  remembered  that  the  zero  of  that  scale  is  32°  below  the  melting- 
point  of  ice.  Above  this  temperature  the  expansion  for  each  degree  of 
the  Fahrenheit  scale  is  -A-^  of  the  original  volume. 

This,  and  the  correction  for  pressure,  are  operations  of  very  frequent 
occurrence  in  chemical  investigations,  and  the  student  will  do  well  to  become 
familiar  with  them. 


Note. — Of  the  four  propositions  stated  in  the  text,  the  first  and  second 
have  recently  been  shown  to  be  true  within  certain  limits  only;  and  the 
third,  although  in  the  highest  degree  probable,  would  be  very  difficult  to 
demonstrate  rigidly ;  in  fact,  the  equal  rate  of  expansion  of  air  is  assumed 
in  all  experiments  on  other  substances,  and  becomes  the  standard  by  which 
the  results  are  measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the  same, 
but  the  difference  is  so  small  that  for  most  purposes  it  may  with  perfect 
tifety  be  neglected.     Neither  is  the  state  of  elasticity  altogether  indifferent, 

*  The  fraction  y££^  **  V9t7  convenient  for  calculation. 

t  Poggendortr*  Annalen,  iv.  1.— Ann.  Cbim.  Phys.,  3d  series,  iv.  5,  and  v.  62.  —  See  also 
WittrtlHctionarjr  of  Chemfetry,  art.  Hkat,  vol.  Hi.  p.  46. 
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the  expansion  being  sensibly  greater  for  an  equal  rise  of  temperature  when 
the  gas  is  in  a  compressed  state. 

It  is  important  to  notice  that  the  greatest  deviations  from  the  rule  are 
exhibited  by  those  gases  which,  as  will  hereafter  be  seen,  are  most  easily 
liquefied,  such  as  carbon  dioxide,  cyanogen,  and  sulphur  dioxide;  and  that 
the  discrepancies  become  smaller  and  smaller  as  the  elastic  force  is  lessened  ; 
so  that,  if  means  existed  for  comparing  the  different  gases  in  states  equally 
distant  from  their  points  of  condensation,  there  is  reason  to  believe  that  the 
law  would  be  strictly  fulfilled. 

The  experiments  of  Dalton  and  Gay-Lussac  give  for  the  rate  of  expan- 
sion Tl7  of  the  volume  at  0°:  this  is  no  doubt  too  high.  Those  of  Rudberg 
give  7|7;  those  of  Magnus  and  of  Regnault  7^y. 

The  ready  expansibility  of  air  by  heat  gives  rise  to  the  phenomena  of 
winds.     In  the  temperate  regions  of  the  earth  these  are  very  variable  and 
uncertain,  but  within  and  near  the  tropica  a 
much  greater  regularity  prevails;  of  this  the 
trade-winds  furnish  a  beautiful  example. 

The  smaller  degree  of  obliquity  with  which 
the  sun's  rays  fall  in  the  localities  mentioned, 
occasions  the  broad  belt  thus  stretching  round 
the  earth  to  become  more  heated  than  any  other 
part  of  the  surface.  The  heat  thus  acquired  by 
absorption  is  imparted  to  the  lower  stratum  of 
air,  which,  becoming  expanded,  rises,  and  gives 
place  to  another;  and  in  this  manner  an  as- 
cending current  is  established,  the  colder  and 
heavier  air  streaming  in  laterally  from  the  more 
temperate  regions,  north  and  south,  to  supply  the  partial  vacuum  thus  occa- 
sioned. A  circulation  so  commenced  will  be  completed,  in  obedience  to  the 
laws  of  hydrostatics,  by  the  establishment  of  counter-currents  in  the 
higher  parts  of  the  atmosphere,  having  directions  the  reverse  of  those  on 
the  surface. 

Such  is  the  effect  produced  by  the  unequal  heating  of  the  equatorial 
pnrts;  or,  more  correctly,  such  would  be  the  effect  were  it  not  greatly 
modified  by  the  earth's  movement  of  rotation. 

As  the  circumference  of  the  earth  is,  in  round  numbers,  about  24,000 
miles,  and  since  it  rotates  on  its  axis,  from  west  to  east,  once  in  24  hours, 
the  equatorial  parts  must  have  a  motion  of  1000  miles  per  hour;  this 
velocity  diminishes  rapidly  toward  each  pole,  where  it  is '  reduced  to 
nothing. 

The  earth  in  its  rotation  carries  with  it  the  atmosphere,  whose  velocity 
of  movement  correspond?,  in  the  nbsenre  of  diptnrbinp  ennaps,  with  that 
purl  i>f  the  surface  immrdhitrlv  f>  low  it.  The 
mr  which  rushes  toward  l he  equator  to  supply 
the  place  of  that  raised  aloft  by  its  diminished 
density,  brings  with  it  the  degree  of  momen- 
tum belonging  lo  that  portion  of  the  earth's 
surface  from  which  it  set  out,  ami  as  this  mo- 
mentum is  less  than  that  of  the  earth  under 
i*B  new  position*  the  earth  itself  travels  faster 
lli ii n  the  air  immediately  over  it,  thus  pro- 
ducing the  efl'ei  I  <>t  u  wind  blowing  in  a  con- 
trary direction  to  thalnf  jlsuwu  motion.  The 
original  north  and  loutfl  winds  are  thus  devi- 
ated from  Ihrir  primitive  ilirueiioua.  and  made 

ijird,  so  that 
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(he  combined  effects  of  the  unequal  heating  and  of  the  movement  of  rota- 
tion is  to  generate  in  the  northern  hemisphere  a  constant  north-east  wind, 
and  in  the  southern  hemisphere  an  equally  constant  south-east  wind. 

In  the  same  manner  the  upper  or  return  current  is  subject  to  a  change 
of  direction  in  the  reverse  order;  the  rapidly  moving  wind  of  the  tropics, 
transferred  laterally  towards  the  poles,  is  soon  found  to  travel  faster  than 
the  earth  beneath  it,  producing  the  effect  of  a  westerly  wind,  which  modi- 
fies the  primary  current. 

The  regularity  of  the  trade-winds  is  much  interfered  with  by  the  neigh- 
borhood of  large  continents,  which  produce  local  effects  upon  a  scale  suffi- 
ciently great  to  modify  deeply  the  direction  and  force  of  the  wind.  This 
is  the  case  in  the  Indian  Ocean.  They  usually  extend  from  about  the  28th 
degree  of  latitude  in  both  hemispheres  to  within  8°  of  the  equator,  but  are 
subject  to  some  variations  in  this  respect.  Between  them,  and  also  beyond 
their  boundaries,  lie  belts  of  calms  and  light  variable  winds;  and  beyond 
these  latter,  extending  into  higher  latitudes  in  both  hemispheres,  westerly 
winds  usually  prevail.  The  general  direction  of  the  trade-wind  of  the 
Northern  hemisphere  is  E.N.E.,  and  that  of  the  Southern  hemisphere 
E.S.E. 

The  trade-winds,  it  may  be  remarked,  furnish  an  admirable  physical 
proof  of  the  reality  of  the  earth's  movement  of  rotntion. 

The  theory  of  the  action  of  chimneys,  and  of  natural  and  artificial  ven- 
tilatioo,  belongs  to  the  same  subject. 

Let  the  reader  turn  to  the  demonstration  given  of  the  Archimedean 
hydrostatic  theorem:  let  him  once  more  imagine  a  body  immersed  in 
water,  and  having  a  density  equal  to  that  of  the  water;  it  will  remain  in 
equilibrium  in  any  part  beneath  the  surface,  and  for  these  reasons:  The 
force  which  presses  it  downward  is  the  weight  of  the  bpdy  added  to  the 
weight  of  the  column  of  water  above  it;  the  force  which  presses  it  upward 
is  the  weight  of  a  column  of  water  equal  to  the  height  of  both  conjoined  ;  — 
the  density  of  the  body  is  that  of  water,  that  is,  it  weighs  as  much  as  an 
equal  bulk  of  that  liquid;  consequently,  the  downward  and  upward  forces 
are  equally  balanced,  and  the  body  remains  at  rest. 

Next,  let  the  circumstances  be  altered;  let  the  body  be  lighter  than  an 
equal  bulk  of  water ;  the  pressure  upward  of  the  column  of  water  a  e  is 
no  longer  compensated  by  the  downward  pres- 
sure of  the  corresponding  column  of  solid  and  Fig.  36. 
water  above  it ;  the  former  force  preponderates, 
and  the  body  is  driven  upward.     If,  on  the  con- 
trary, the  body  be  specifically  heavier  than  wa- 
ter, then  the  latter  force  has  the  ascendency,  and 
the  body  sinks. 

All  things  so  described  exist  in  a  common 
chimney ;  the  solid  body,  of  the  same  density  as 
that  of  the  fluid  in  which  it  floats,  is  represented 
bj  the  air  in  the  chimney  funnel ;  the  space  a  0 
represents  the  whole  atmosphere  above  it.  When 
the  air  inside  and  outside  the  chimney  is  at  the 
same  temperature,  equilibrium  takes  place,  be- 
cause the  downward  tendency  of  the  air  within  is  counteracted  by  the 
upward  pressure  of  that  without. 

Now,  let  the  chimney  be  heated;  the  air  suffers  expansion,  and  a  portion 
is  expelled;  the  chimney  therefore  contains  a  smaller  weight  of  air  than 
H  did  before;  the  external  and  internal  columns  no  longer  balance  each 
other,  and  the  warmer  and  lighter  air  is  forced  upward  from  below,  and 
its  place  supplied  by  cold  air.  If  the  brick-work,  or  other  material  of 
which  the  chimney  is  constructed,  retain  its  temperature,  this  second  por- 
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lion  of  air  is  disposed  of  like  the  first,  and  the  ascending  current  continues, 
so  long  as  the  Bides  of  the  chimney  are  hotter  than  the  surrounding  air. 

Sometimes,  owing  to  sudden  changes  of  temperature  in  the  atmosphere, 
the  chimney  may  happen  to  be  colder  than  the  air  about  it.  The  column 
within  forthwith  suffers  contraction  of  volume;  the  deficiency  is  filled  up 
from  without,  and  the  column  becomes  heavier  than  one  of  similar  height 
on  the  outside ;  the  result  is,  that  it  falls  out  of  the  chimney,  just  as  the 
heavy  body  sinks  in  the  water,  and  has  its  place  occupied  by  air  from 
above.  A  descending  current  is  thus  produced,  which  may  be  often  no- 
ticed in  the  summer  season,  by  the  smoke  from  neighboring  chimneys  find- 
ing its  way  into  rooms  which  have  been  for  a  considerable  time  without  fire. 

The  ventilation  of  mines  has  long  been  conducted  upon  the  same  prin- 
ciple, and  more  recently  it  has  been  applied  to  dwelling-houses  and  assembly- 
rooms.  The  mine  is  furnished  with  two  shafts,  or  with  one  shaft  divided 
throughout  by  a  diaphragm  of  boards ;  and  these  are  so  arranged,  that  air 
forced  down  the  one  shall  traverse  the  whole  extent  of  the  workings  before 
it  escapes  by  the  other.  A  fire  kept  up  in  one  of  these  shafts,  by  rarefy- 
ing the  air  within,  and  causing  an  ascending  current,  occasions  fresh  air 
to  traverse  every  part  of  the  mine,  and  sweep  before  it  the  noxious  gases 
but  too  frequently  present. 

CONDUCTION  OF  HEAT. 

Different  bodies  possess  very  different  conducting  powers  with  respect 
to  heat:  if  two  similar  rods,  the  one  of  iron,  the  other  of  glass,  be  held  in 
the  flame  of  a  spirit-lamp,  the  iron  will  soon  become  too  hot  to  be  touched, 
while  the  glass  may  be  grasped  with  impunity  within  an  inch  of  the  red- 
hot  portion. 

Experiments  made  by  analogous  but  more  accurate  methods  have  estab- 
lished a  numerical  comparison  of  the  conducting  powers  of  many  bodies. 
The  following  may  he  taken  as  a  specimen  :  — 


Silver 

.     1000 

Steel 

.     116 

Copper 
Gold 

736 

Lead 

86 

.       682 

Platinum 

„       84 

Brass 

286 

German  silver 

63 

Tin 

.       146 

Bismuth 

.       18 

Iron 

119 

As  a  class,  the  metals  are  by  very  far  the  best  conductors,  although  much 
difference  exists  between  them ;  stones,  dense  woods,  and  charcoal  follow 
next  in  order :  then  liquids  in  general,  and  gases,  whose  conducting  power 
is  almost  inappreciable. 

Under  favorable  circumstances,  nevertheless,  both  liquids  and  gases 
may  become  rapidly  heated  :  heat  applied  to  the  bottom  of  the  containing 
vessel  is  very  speedily  communicated  to  its  contents :  this,  however,  is  not 
so  much  by  conduction  as  by  convection,  or  carrying.  A  complete  circu- 
lation is  set  up;  the  portions  in  contact  with  the  bottom  of  the  vessel  get 
heated,  become  lighter,  and  rise  to  the  surface,  and  in  this  way  the  heat 
becomes  communicated  to  the  whole.  If  these  movements  be  prevented  by 
dividing  the  vessel  into  a  great  number  of  compartments,  the  really  low 
conducting  power  of  the  substance  is  made  evident ;  and  this  is  the  reason 
why  certain  organic  fabrics,  as  wool,  silk,  feathers,  and  porous  bodies  in 
general,  the  cavities  of  which  are  full  of  air,  exhibit  such  feeble  powers 
of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively  applied 
to  the  warming  of  buildings  and  conservatories;  and  in  chemical  works  a 
serpentine  metal  tube  containing  hot  oil  is  often  lined  for  heating  stills  and 
evaporating- pans :  the  two  extremities  of  the  tube  are  connected  with  the 
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ends  of  Another  spiral  built  into  a  small  furnace  at  the  lower  level,  and  an 
unintermitting  circulation  of  the  liquid  takes  place  as  long  as  heat  is 
applied. 

CHANGE  OF  STATE, 

Solid  bodies  when  heated  are  expanded ;  many  are  liquefied,  i.  e.,  they 
fuse.  The  fusion  of  solids  is  frequently  preceded  by  a  gradual  softening, 
more  especially  when  the  temperature  approaches  the  point  of  fusion. 
This  phenomenon  is  observed  in  the  case  of  wax  or  iron.  In  the  case  of 
other  solids  —  of  zinc  and  lead,  for  instance  —  and  several  other  metals, 
this  softening  is  not  observed.  Generally,  bodies  expand  during  the  pro- 
cess of  fusion ;  an  exception  to  this  rule  is  water,  which  expands  during 
freezing  (10  vol.  of  water  produce  nearly  11  vol.  of  ice),  while  ice  wheu 
faying  produces  a  proportionately  smaller  volume  of  water.  The  expansion 
of  bodies  during  fusion,  and  at  temperatures  preceding  fusion,  or  the  con- 
traction during  solidification  and  further  refrigeration,  is  very  unequal. 
Wax  expands  considerably  before  fusing,  and  comparatively  little  during 
fusion  itself.  Wax,  when  poured  into  moulds,  fills  them  perfectly  during 
solidification,  but  afterwards  contracts  considerably.  Stearic  acid,  on  the 
contrary,  expands  very  little  before  fusion,  but  rather  considerably  duf  ing 
fusion,  and  consequently  pure  stearic  acid  when  poured  into  moulds  solidi- 
fies to  a  rough  porous  mass,  contracting  little  by  further  cooling.  The 
addition  of  a  little  wax  to  stearic  acid  prevents  the  powerful  contraction 
in  the  moment  of  solidification,  and  renders  it  more  fit  for  being  moulded. 

Latent  Heat  of  Fusion. — During  fusion  bodies  absorb  a  certain  quantity 
of  heat,  which  is  not  indicated  by  the  thermometer;  at  a  given  tempera- 
ture—  the  fusing-point,  for  instance  —  a  certain  weight  of  substance  con- 
tains when  solid  less  heat  than  when  liquid. 

If  equal  weights  of  water  at  0°  and  water  at  79°  be  mixed,  the  tempera- 
tore  of  the  mixture  will  be  the  mean  of  the  two  temperatures,  or  89-5°. 
If  the  same  experiment  be  repeated  with  snow  or  finely-powdered  ice  at 
0?,  and  water  at  79°,  the  temperature  of  the  whole  will  be  ouly  0°,  but  the 
ke  vill  have  been  melted. 

l1!M:^:^9o}=2  1b.wat.rat89.6o 

1  lb.  of  ice  at  0°  1        „  ..         .        .„ 

1  lb.  of  water  at  79«   }  =  2  ,b-  water  Bt  V 

In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently  lost 
as  would  have  raised  a  quantity  of  water  equal  to  that  of  the  ice  through 
a  range  of  79°. 

The  heat,  thus  become  insensible  to  the  thermometer  in  effecting  the 
liquefaction  of  the  ice,  is  called  latent  heat,  or,  better,  heat  of  fluidity. 

Again,  let  a  perfectly  uniform  source  of  heat  be  imagined,  of  such 
intensity  that  a  pound  of  water  placed  over  it  would  have  its  temperature 
railed  5°  per  minute.  Starting  with  water  at  0°,  in  rather  less  than  16 
minutes  iU  temperature  would  have  risen  79°;  but  the  same  quantity  of 
ice  at  0°,  exposed  for  the  same  interval  of  time,  would  not  have  its  tem- 
perature raised  a  single  degree.  But,  then,  it  would  have  become  water ; 
the  heat  received  would  have  been  exclusively  employed  in  effecting  the 
change  of  state. 

Thin  heat  is  not  lost,  for  when  the  water  freezes  it  is  again  evolved.  If 
a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed  in  a  situation  where 
it  shall  be  quite  undisturbed,  and  at  the  same  time  exposed  to  great  cold, 
the  temperature  of  the  water  may  be  reduced  10°  or  more  below  its  freez- 
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ing-point  without  the  formation  of  ice ;  *  but  then,  if  a  little  agitation  be 
communicated  to  the  jar,  or  a  grain  of  sand  dropped  into  the  water,  a  por- 
tion instantly  solidifies,  and  the  temperature  of  the  whole  rises  to  0° ;  the 
heat  disengaged  by  the  freezing  of  a  small  portion  of  the  water  will  hare 
been  sufficient  to  raise  the  whole  contents  of  the  jar  5°. 

This  curious  condition  of  instable  equilibrium  shown  by  the  very  cold 
water  in  the  preceding  experiment,  may  be  reproduced  with  a  variety  of 
solutions  which  tend  to  crystallite  or  solidify,  but  in  which  that  change  is 
for  a  while  suspended.  Thus,  a  solution  of  crystallized  sodium  sulphate 
in  its  own  weight  of  warm  water,  left  to  cool  in  an  open  vessel,  deposits  a 
large  quantity  of  the  salt  in  crystals.  If  the  warm  solution,  however,  be 
filtered  into  a  clean  flask,  which  when  full  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even  after  many  days, 
until  the  cork  is  withdrawn  and  the  contents  of  the  flask  violently  shaken. 
Crystallization  then  rapidly  takes  place  in  a  very  beautiful  manner,  and 
the  whole  becomes  perceptibly  warm. 

The  law  thus  illustrated  in  the  case  of  water  is  perfectly  general. 
Whenever  a  solid  becomes  a  liquid,  a  certain  fixed  and  definite  amount  of 
heat  disappears,  or  becomes  latent ;  and  conversely,  whenever  a  liquid  be- 
comes a  solid,  heat  to  a  corresponding  extent  is  given  out. 

The  following  table  exhibits  the  melting  points  of  several  substances, 
and  their  latent  heats  of  fusion  expressed  in  gram-degrees  —  that  is  to 
say,  the  numbers  in  the  column  headed  "latent  heat'*  denote  the  number 
of  grams  of  water  the  temperature  of  which  would  be  raised  1°  Centigrade 
by  the  quantity  of  heat  required  to  fuse  one  grain  of  the  several  solids:  — 


S^Uuc*.        J"*** 

latent 
Heat. 

2  82 

5  0 

5-4 

94 

117 

12-6 

13-6 

Substance. 

Melting 
Point. 

Latent 
Heat. 

14-25 

211 

281 

407 

47-4 
63  0 

Mercury  .     . 
Phosphorus 
Lead   .     .     . 
Sulphur  .     . 
Iodine      .     . 
Bismuth  .     . 
Cadmium 

—39° 
44 
8.12 
115 
107 
270 
820 

Tin 

Silver 

|  Zinc 

.  Calcium  chloride  \ 
|     (CaCl,  0H*O)      /      * 
;   Potassium  nitrate  .     . 

Sodium  nitrate      .     . 
1 

235° 
1000 
438 

28-5 

389 
3106 

When  a  solid  substance  can  be  made  to  liquefy  by  a  weak  chemical 
attraction,  cold  results,  from  sensible  heat  becoming  latent.  This  is  the 
principle  of  the  many  frigorific  mixtures  to  be  found  described  in  some  of 
the  older  chemical  treatises.  When  snow  or  powdered  ice  is  mixed  with 
common  salt,  and  a  thermometer  plunged  into  the  mass,  the  mercury  sinks 

to 17*7°C-  (0°  F.),  while  the  whole  after  a  short  time  becomes  fluid  by  the 

attraction  between  the  water  and  the  salt;  such  a  mixture  is  very  often 
used  in  chemical  experiments  to  cool  receivers  and  condense  the  vapors 
of  volatile  liquids.  Powdered  crystallized  calcium  chloride  and  snow  pro- 
duce cold  enough  to  freeze  mercury.     Even  powdered  potassium  nitrate, 

*  Fused  bodies,  when  cooled  down  to  or  below  their  fusing  point,  frequently  remain  liquid, 
more  especially  when  not  in  contact  with  solid  l-odies  Thus,  water  in  a  mixture  of  oil  of 
almonds  and  chloroform,  of  specific  gravity  equal  to  it*  own.  remains  liquid  to  —10°:  in  a  simi- 
lar manner  fused  sulphur  or  phosphorus,  floating  in  a  solution  of  sine  chloride  of  appropriate 
concentration,  retains  the  liquid  condition  >\t  temperature*  40©  Mow  its  fusing  point.  Liquid 
bodies,  thus  cooled  below  their  fusing  point,  frequently  solidify  when  touched  with  a  solid  suli- 
s tan c<\  invariably  when  brought  In  contact  with  a  fragment  of  the  same  body  m  the,  solid 
condition. 


HEAT.  57 

or  sal-ammoniac,  or  ammonium  nitrate,  dissolved  in  water,  occasions  a 
▼ery  notable  depression  of  temperature :  in  every  case,  in  short,  in  which 
solution  is  unaccompanied  by  energetic  chemical  action,  cold  is  produced. 

No  relation  can  be  traced  between  the  actual  melting-point  of  a  sub- 
stance, and  its  latent  heat  when  in  the  fused  state. 

Latent  Heat  of  Vaporization.  —  A  law  of  exactly  the  same  kind  as  that 
described  affects  universally  the  gaseous  condition ;  change  of  state  from 
solid  or  liquid  to  gas  is  accompanied  by  absorption  of  sensible  heat,  and 
the  reverse  by  its  disengagement.  The  latent  heat  of  steam  and  other 
vapors  may  be  ascertained  by  a  mode  of  investigation  similar  to  that 
employed  in  the  case  of  water. 

When  water  at  0°  is  mixed  with  an  equal  weight  of  water  at  100°,  the  whole 
is  found  to  possess  the  mean  of  the  two  temperatures,  or  60° ;  on  the  other 
hand,  1  part  by  weight  of  steam  at  100°,  when  condensed  in  cold  water,  is 
found  to  be  capable  of  raising  5*4  parts  of  the  latter  from  the  freezing  to 
the  boiling-point,  or  through  a  range  of  100°.  Now  100  X  5-4=540° ;  that 
is  to  say,  steam  at  100°,  in  becoming  water  at  100°,  parts  with  enough 
heat  to  raise  a  weight  of  water  equal  to  its  own  (if  it  were  possible)  540°, 
of  the  thermometer.  When  water  passes  into  steam,  the  same  quantity  of 
sensible  heat  becomes  latent. 

The  vapors  of  other  liquids  seem  to  have  less  latent  heat  than  that  of 
witer.  The  following  table  is  by  Dr.  Th.  Andrews,  and  serves  well  to 
illustrate  this  point.  The  latent  heats  are  expressed,  as  in  the  last  table, 
in  gram-degrees : 

Vapor  of  water 535-90° 

"  alcohol 202-40 

"  ether 90-45 

"  oxalic  ether 72-72 

**  acetic  ether 92-68 

"  ethylic  iodide  ....         40-87 

"  pyroxylic  spirit 263-70 

44  carbon  bisulphide     .         .        .         .         86-67 

"  tin  tetrachloride  .  30-35 

•«  bromine 45*66 

"  oil  of  turpentine  .         .        .        .     74  03 

Ebullition  is  occasioned  by  the  formation  of  bubbles  of  vapor  within  the 
body  of  the  evaporating  liquid,  which  rise  to  the  surface  like  bubbles  of 
permanent  gas.  This  occurs  in  different  liquids  at  very  different  tempera- 
tures. Under  the  same  circumstances,  the  boiling-point  is  quite  constant, 
and  often  becomes  a  physical  character  of  great  importance  in  distinguish- 
ing liquids  which  much  resemble  each  other.  A  few  cases  may  be  cited 
in  illustration : 

SubeUnce.  Boiling-point. 

Aldehyde 20-8° 

Ether 84-9 

Carbon  bisulphide 46*1 

Alcohol 78-4 

-      Water 100 

Nitric  acid,  strong 120 

Oil  of  turpentine 157 

Sulphuric  acid 326-6 

Mercury 350 

For  ebullition  to  take  place,  it  is  necessary  that  the  elasticity  of  the 
vapor  should  be  able  to  overcome  the  cohesion  of  the  liquid  and  the  pres- 
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sure  upon  its  surface :  hence  the  extent  to  which  the  boiling-point  may  he 
modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at  100° 
(212°  F.) :  in  a  partially  exhausted  receiver  or  on  a  mountain-top  it  boils 
at  a  much  lower  temperature:  and  in  the  best  vacuum  of  an  excellent  air- 
pump,  over  oil  of  vitriol,  which  absorbs  the  vapor,  it  will  often  enter  into 
violent  ebullition  while  ice  is  in  the  net  of  forming  upon  the  surface. 

On  the  other  hand,  water  confined  in  a  very  strong  metallic  vessel  may 
be  restrained  from  boiling  by  the  pressure  of  its  own  vapor  to  an  almost 
unlimited  extent;  a  temperature  of  177°  or  204°  is  very  easily  obtained; 
and,  in  fact,  it  is  said  that  it  may  be  made  red-hot,  and  yet  retain  its 
fluidity. 

There  is  a  very  simple  and  beautiful  experiment  illustrative  of  the  effect 
of  diminished  pressure  in  depressing  the  boiling-point  of  a  liquid.  A 
Fia  36.  little  water  is  made  tox  boil  for  a  few  minutes  in  a  flask  or 
retort  placed  over  a  lamp,  until  the  air  has  been  chased  out, 
and  the  steam  issues  freely  from  the  neck.  A  tightly  fitting 
cork  is  then  inserted,  and  the  lamp  at  the  same  moment 
withdrawn.  When  the  ebullition  ceases,  it  may  be  renewed 
at  pleasure  for  a  considerable  time  by  the  affusion  of  cold 
water,  which,  by  condensing  the  vapor  within,  occasions  a 
partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
exercises  an  influence  upon  the  boiling-point,  and  this  to  a 
much  greater  extent  thnn  was  formerly  supposed.  It  has 
long  been  noticed  that  in  a  metallic  vessel  water  boils,  under 
the  same  circumstances  of  pressure,  at  a  temperature  one  or  two  degrees 
below  that  at  which  ebullition  takes  place  in  glass;  but  it  has  lately  been 
shown  *  that  by  particular  management  a  much  greater  difference  can  be 
observed.  If  two  similar  glass  flasks  be  taken,  the  one  coated  in  the  in- 
side with  a  film  of  shellac,  and  the  other  completely  cleansed  by  hot  sul- 
phuric acid,  water  heated  over  a  lamp  in  the  first  will  boil  at  99-4°,  while 
in  the  second  it  will  often  rise  to  105°  or  even  higher;  a  momentary  burst 
of  vapor  then  ensues,  and  the  thermometer  sinks  a  few  degrees,  after  which 
it  rises  again.  In  this  state,  the  introduction  of  a  few  metallic  filings,  or 
angular  fragments  of  any  kind,  occasions  a  lively  disengagement  of  vapor, 
while  the  temperature  sinks  to  100°,  and  there  remains  stationary.  These 
remarkable  effects  must  be  attributed  to  an  attraction  between  the  surface 
of  the  vessel  and  the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify  with  re- 
luctance, but  also  assume  the  gaseous  condition  with  greater  difficulty. 
Drops  of  water  or  of  aqueous  saline  solutions  floating  on  the  contact- 
surface  of  two  liquids,  of  which  one  is  heavier  and  the  other  lighter,  may 
be  heated  from  10  to  20  degrees  above  the  ordinary  boiling-point;  explo- 
sive ebullition,  however,  is  instantaneously  induced  by  contact  with  a  solid 
substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary  pressure 
of  the  atmosphere  expands  into  1696  cubic  inches,  or  nearly  a  cubic 
foot. 

Steam,  not  in  contact  with  tcaier,  is  affected  by  heat  in  the  same  manner 
as  the  permanent  gases ;  its  rate  of  expansion  and  increase  of  elastic  forco 
are  practically  the  same.  When  water  is  present,  the  rise  of  temperature 
increases  the  quantity  and  density  of  the  steam,  and  hence  the  elastic  force 
increases  in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different  tempera- 

•  Marcet  •  Ann.  Chlm.  Phyi/  8d  «eri«,  ▼.  448. 
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(ares,  has  been  very  carefully  determined  by  Arago  and  Dulong,  and  lately 
by  Magnus  and  Regnault.  The  force  is  expressed  in  atmospheres :  the  ab- 
eolate  pressure  upon  any  given  surface  can  be  easily  calculated,  allowing 
14  6  lb  per  square  inch  to  each  atmosphere.  The  experiments  were  carried 
to  twenty-fire  atmospheres;  at  which  point  the  difficulties  and  danger 
became  so  great  as  to  put  a  stop  to  the  inquiry:  the  rest  of  the  table  is 
the  result  of  calculations  founded  on  the  data  so  obtained : 


Prwor*  of  Steam 

Corresponding 

Preaeure  of  Steam 

Corresponding 

in  &ta«uspberm. 

temperature. 

in  atmospheres.                        temperature. 

1 

.      100° 

3       .                        135° 

1-5       . 

112 

8-5       . 

140-  6 

2       . 

.     122 

4 

.     146  5 

2-5       . 

129 

4-6 

149 

6 

.     158 

17       . 

.     207 

6    6 

157 

18 

209 

6 

.     160 

19       . 

.     212 

6-5       . 

168 

20 

214 

7      . 

.     167 

21       . 

.     217 

7-5      . 

169 

22 

219 

8 

.     172 

28       . 

.     222 

9 

177 

24 

224  > 

10 

.     182 

25       . 

.     226 

11 

186 

80 

236 

12      . 

.     190 

85      . 

.     245 

13 

194 

40 

253 

14 

.     197 

45       . 

.     255 

15 

200-6 

60 

266 

16 

.     203 

It  is  very  interesting  to  know  the  amount  of  heat  requisite  to  convert 
water  of  any  given  temperature  into  steam  of  the  same  or  another  given 
temperature.  The  most  exact  experiments  on  this  subject  have  been  made 
by  Regnault.  He  arrived  at  this  result,  that  when  the  unit-weight  of  steam 
tt  the  temperature  f°  is  converted  into  water  of  the  same  temperature,  and 
then  cooled  to  0°,  it  gives  out  the  quantity  of  heat  T,  which  is  represented 
by  the  formula: 

r=606-5+0-806<. 

This  formula  appears  to  hold  good  for  temperatures  above  and  below  the 
ordinary  boiling-point  of  water.  The  following  table  gives  the  values  of 
f,  corresponding  to  the  respective  temperatures  in  the  first  columns: 


t 

0° 

50 

100 

150 

200 


T 

606-6° 


621 
637 
652 

667 


T  is  called  the  total  heat  of  steam,  being  the  heat  required  to  raise  water 
from  0°  to  <,  together  with  that  which  becomes  latent  by  the  transformation 
of  water  of  t  into  steam  at  t.  Regnault  states,  as  a  result  of  some  very  deli- 
**te  experiments,  that  the  heat  necessary  to  raise  a  unit-weight  of  water 
from  0°  to  t  is  not  exactly  denoted  by  t;  the  discrepancy,  however,  is  so 
■mail  that  it  may  be  disregarded.     Employing  the  approximate  value,  the 
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latent  heat  of  steam,  L,  at  any  temperature  will  be  found  by  subtracting  t 
from  the  total  heat;  or,  according  to  the  formula: 

L  =  606  6— 0-695  t. 

This  equation  shows  us  the  remarkable  fact  that  the  latent  heat  of  steam 
diminishes  as  the  temperature  rises.  Before  Regnault's  experiments  were 
made,  two  laws  of  great  simplicity  were  generally  admitted,  one  of  which, 
however,  contradicted  the  other.  Watt  concluded,  from  experiments  of  his 
own,  as  well  as  from  theoretical  speculations,  that  the  total  heat  of  steam 
would  be  the  same  at  all  temperatures.  Were  this  true,  equal  weights  of 
steam  passed  into  cold  water  would  always  exhibit  the  same  heating  power, 
no  matter  what  the  temperature  of  the  steam  might  be.  Exactly  the  same 
abioluie  amount  of  beat,  and  consequently  the  same  quantity  of  fuel,  would 
be  required  to  evaporate  a  given  weight  of  water  m  vacuo  at  a  temperature 
which  the  hand  can  bear,  or  under  great  pressure,  and  at  a  high  tempera- 
ture. Watt's  Law,  though  agreeing  well  with  the  rough  practical  results 
obtained  by  engineers,  is  only  approximately  true;  and  the  same  may  be 
said  of  the  deductions  which  have  just  been  made  from  it.  The  second  law, 
in  opposition  to  Watt's,  is  that  of  Southern,  stating  the  latent  heat  of  steam 
to  be  the  same  at  all  temperatures.  Regnault's  researches  have  shown 
that  neither  Watt's  law  (T  constant),  nor  Southern's  law  (L  constant)  is 
correct. 

The  economical  applications  of  steam  are  numerous  and  extremely  valu- 
able: they  may  be  divided  into  two  classes:  those  in  which  the  healing 
power  is  employed,  and  those  in  which  its  elastic  force  is  brought  into  use. 
The  value  of  steam  as  a  source  of  heat  depends  upon  the  facility  with 
which  it  may  be  conveyed  to  distant  points,  and  upon  the  large  amount  of 
latent  heat  it  contains,  which  is  disengaged  in  the  act  of  condensation.  An 
invariable  temperature  of  100°,  or  higher,  may  be  kept  up  in  the  pipes  or 
other  vessels  in  which  the  steam  is  contained  by  the  expenditure  of  a  very 
small  quantity  of  the  latter.  Steam-baths  of  various  forms  are  used  in  the 
arts  with  great  convenience,  and  also  by  the  scientific  chemist  for  drying 
filters  and  other  objects  where  excessive  heat  would  be  hurtful:  a  very 
good  instrument  of  the  kind  was  contrived  by  Mr.  Everilt.  It  is  merely  a 
small  kettle  (fig.  37),  surmounted  by  a  double  box  or  jacket,  into  which 
the  substance  to  be  dried  is  put,  and  loosely  covered  by  a  card.  The  appa- 
ratus is  placed  over  a  lamp,  and  may  be  left  without  attention  for  many 
hours.  A  little  hole  in  the  side  of  the  jacket  gives  vent  to  the  excess  of 
steam. 

The  principle  of  the  steam-engine  may  be  described  in  a  few  words :  its 
mechanical  details  do  not  belong  to  the  design  of  the  present  volume.     The 
machine  consists  essentially  of  a  cylinder  or  metal 
Fig.  37.  a  (fig.  88),  in  which  a  closely  fitting  solid  piston 

works,  the  rod  of  which  passes,  air-tight,  through 
a  stuffing-box  at  the  top  of  the  cylinder,  and  is 
connected  with  the  machinery  to  be  put  in  motion, 
directly,  or  by  the  intervention  of  an  oscillating 
beam.  A  pipe  communicates  with  the  interior  of 
the  cylinder,  and  also  with  a  vessel  surrounded 
with  cold  water,  called  the  condenser  o,  into  which 
a  jet  of  cold  water  can  at  pleasure  be  introduced. 
A  sliding-valve  arrangement,  shown  at  e,  serves  to 
open  a  communication  between  the  boiler  and  the 
cylinder,  and  between  the  cylinder  and  the  con- 
denser in  such  a  manner  that  while  the  steam  is 
allowed  to  press  with  all  its  force  upon  one  side  of  the  piston,  the  other, 
open  to  the  condenser,  is  necessarily  vacuous.     The  valve  is  shifted  by  the 
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Fig.  38. 


engine  itself  at  the  proper  moment,  so  that  the  piston  is  alternately  driven 

by  the  steam  up  and  down  against  a  vacuum.    A  large  air-pump,  not  shown 

in  the  engraving,  is   connected   with    the 

condenser,   and  serves  to   remove  any  air 

that  maj  enter  the  cylinder,  and  also  the 

water  produced  by  condensation,  together 

with  that  which  may  have  been  injected. 

Such  is  the  vacuum  or  condensing  steam- 
engine.  In  what  is  called  the  high-pres- 
sure engine,  the  condenser  and  air-pump 

are  suppressed,  and  the  steam  is  allowed 

to  escape  at  once  from   the  cylinder  into 

the  atmosphere.    It  is  obvious  that  in  this 

arrangement   the   steam   has  to  overcome       £ 

the  whole  pressure  of  the  air,  and  a  much 

greater  elastic  force  is  required  to  produce 

the  same  effect ;  but  this  is  to  a  very  great 

extent  compensated  by  the  absence  of  the 

air-pump  and  the  increased  simplicity  of 

the  whole  machine.     Large  engines,  both 

on  shore  and   in  steamships,  are   usually 

constructed  on   the  condensing  principle, 

the  pressure  seldom  exceeding  six  or  seven 

pounds  per  square  inch  above  that  of  the 
atmosphere;  for  small  engines  the  high- 
pressure  plan  is,  perhaps,  preferable. 
Locomotive  engines  are  of  this  kind. 

A  peculiar  modification  of  the  steam- 
engine,  employed  in  Cornwall,  for  draining 
the  deep  mines  of  that  country,  is  now  get- 
ting into  use  elsewhere  for  other  purposes. 
In  this  machine,  economy  of  fuel  is  carried 

to  a  most  extraordinary  extent,  engines  having  been  known  to  perform  the 
duty  of  raising  more  than  100,000,000  lbs.  of  water  one  foot  high  by  the  con- 
sumption of  a  single  bushel  of  coals.  The  engines  are  single-acting,  the  down- 
stroke,  which  is  made  against  a  vacuum,  being  the  effective  one,  and  em- 
ployed to  lift  the  enormous  weight  of  the  pump-rods  in  the  shaft  of  the 
mine.  When  the  piston  reaches  the  bottom,  the  communication  both  with 
the  boiler  and  the  condenser  is  cut  off,  while  an  equilibrium-valve  is  opened 
connecting  the  upper  and  lower  extremities  of  the  cylinder,  whereupon 
the  weight  of  the  pump-rods  draws  the  piston  to  the  top  and  makes  the 
upstroke.  The  engine  is  worked  expansively,  as  it  is  termed,  steam  of 
nigh  tension  being  employed,  which  is  cut  off  at  one-eighth  or  even  one- 
tenth  of  the  stroke. 

The  process  of  distillation,  which  may  now  be  noticed,  is  very  simple: 
its  object  is  either  to  separate  substances  which  rise  in  vapor  at  different 
temperatures,  or  to  part  a  volatile  liquid  from  a  substance  incapable  of 
volatilization.  The  same  process  applied  to  bodies  which  pass  directly 
from  the  solid  to  the  gaseous  condition,  and  the  reverse,  is  called  sublimation. 
Every  distillatory  apparatus  consists  essentially  of  a  boiler,  in  which  the 
T*por  is  raised,  and  of  a  condenser,  in  which  it  returns  to  the  liquid  or 
solid  condition.  In  the  still  employed  for  manufacturing  purposes,  the 
latter  is  usually  a  spiral  metal  tube  immersed  in  a  tub  of  water.  The 
common  retort  and  receiver  constitute  the  simplest  arrangement  for  distil- 
lation  on  the  small  scale;  the  retort  is  heated  by  a  gas  lamp,  and  the  re- 
««Wer  is  kept  cool,  if  necessary,  by  a  wet  cloth,  or  it  may  be  surrounded 
*ithice.     (Fig.  39.) 
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Liebig's  condenser*  (fig.  40)  is  a  very  valuable  instrument  in  the  labora- 
tory ;  it  consists  of  a  glass  tube  tapering  from  end  to  end,  fixed  bj  per- 

ng.m. 


forated  corks  in  the  centre  of  the  metal  pipe,  provided  with  tubes  so  ar- 
ranged that  a  current  of  cold  water  may  circulate  through  the  apparatus. 
By  putting  ice  into  the  little  cistern,  the  water  may  be  kept  at  0°,  and 
extremely  volatile  liquids  condensed. 

/¥f.40. 


Liquids  evaporate  at  temperatures  below  their  boiling-points:  in  this 
case  the  evaporation  takes  place  slowly  from  the  surface.  Water,  or  alco- 
hol, exposed  in  an  open  vessel,  at  the  temperature  of  the  air,  gradually 
disappears:  the  more  rapidly,  the  warmer  and  drier  the  air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  in 
general  had  the  power  of  dissolving  and  holding  in  solution  certain  quan- 
ta Invented  by  WdtaeL  the  elder,  of  Stockholm,  and  well  described  and  figured  in  Gr»y*« 
Operative  Chemist— R.  B.J 
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tides  of  liquids,  and  that  this  power  increased  with  the  temperature:  such 
an  idea  is  incorrect. 

If  a  barometer-tube  be  carefully  filled  with  mercury  and  inverted  in  the 
usual  manner,  and  then  a  few  drops  of  water  passed  up  the  tube  into  the 
vacuum  above,  a  very  remarkable  effect  will  be  observed; — the  mercury 
will  be  depressed  to  a  small  extent,  and  this  depression  will  increase  with 
increase  of  temperature.  Now,  as  the  space  above  the  mercury  is  void 
of  air,  and  the  weight  of  the  few  drops  of  water  quite  inadequate  to  ac- 
count for  this  depression, -it  must  of  necessity  be  imputed  to  the  vapor 
which  instantaneously  rises  from  the  water  into  the  vacuum ;  Fig  ^ 
and  that  this  effect  is  really  due  to  the  elasticity  of  the  aqueous 
rapor,  is  easily  proved  by  exposing  the  barometer  to  a  heat  of  [| 

100?  C.  (212°  F.),  when  the  depression  of  the  mercury  will  be  || 

complete,  and  it  will  stand  at  the  same  level  within  and  with- 
out the  tube ;  indicating  that  at  that  temperature  the  elasticity 
of  the  vapor  is  equal  to  that  of  the  atmosphere — a  fact  which 
the  phenomenon  of  ebullition  has  already  shown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping 
into  the  mercury  below,  and  then  filling  this  tube  with  water 
at  different  temperatures,  the  tension  of  the  aqueous  vapor 
for  each  degree  of  the  thermometer  may  be  accurately  deter- 
mined by  its  depressing  effect  upon  the  mercurial  column ; 
the  same  power  which  forces  the  latter  down  one  inch  against 
the  pressure  of  the  atmosphere,  would  of  course  elevate  a 
column  of  mercury  to  the  same  height  against  the  vacuum,  and 
in  this  way  the  tension  may  be  conveniently  expressed.  The 
following  table  was  drawn  up  by  Dalton,  to  whom  we  owe  the 
method  of  investigation : 


Temperature. 

Tension  in  inches 

Temperature. 

Tension  in  inches 

F. 

c. 

of  mercury. 

F. 

C. 

of  mercury. 

32°  . 

0° 

0200 

130° 

.     64-4° 

434 

40    . 

44 

.      0263 

140 

.     60 

6-74 

50    . 

10 

.      0-376 

160 

.     66-6 

7-42 

60    . 

15-6 

.      0-624 

160 

.     711 

9-46 

70    . 

211 

.      0721 

170 

.     76-6 

1213 

80    . 

26-6 

.      1000 

180 

.     82-2 

.      1615 

90    . 

32-2 

.      1-360 

190 

.     87-7 

.      1900 

100    . 

87-7 

.      1-860 

200 

.     93-3 

.      28  64 

110    . 

43  3 

.      2-630 

212 

.  100 

.      80  00 

120    . 

48-8 

.      3-330 

Another  table  representing  the  tension  of  the  vapor  of  water,  drawn  up 
ty  Regnault,  is  given  at  the  end  of  the  work. 

Other  liquids  tried  in  this  manner  are  found  to  emit  vapors  of  greater  or 
tas  tension,  for  the  same  temperature,  according  to  their  different  degrees 
of  volatility :  thus,  a  little  ether  introduced  into  the  tube  depresses  the 
mercury  10  inches  or  more  at  the  ordinary  temperature  of  the  air ;  oil  of 
vitriol,  on  the  other  hand,  does  not  emit  any  sensible  quantity  of  vapor 
until  a  much  greater  heat  is  applied ;  and  that  given  off  by  mercury  itself 
in  warm  summer  weather,  although  it  may  be  detected  by  very  delicate 
tomans,  is  far  too  little  to  exercise  any  effect  upon  the  barometer.  In  the 
^e  of  water,  the  evaporation  is  quite  distinct  and  perceptible  at  the  lowest 
temperatures,  when  froien  to  solid  ice  in  the  barometer-tube :  snow  on  the 
ground,  or  on  a  house-top,  may  often  be  noticed  to  vanish,  from  the  same 
cause,  day  by  day  in  the  depth  of  winter,  when  melting  is  impossible. 

There  exists  for  each  vapor  a  state  of  density  which  it  cannot  pass  with- 
out losing  its  gaseous  condition,  and  becoming  liquid ;  this  point  is  called 
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Fig.  12. 


the  condition  of  maximum  density.  When  a  volatile  liquid  is  introduced 
in  sufficient  quantity  into  a  vacuum,  this  condition  is  always  reached,  and 
then  evaporation  ceases.  Any  attempt  to  increase  the  density  of  this  vapor 
by  compressing  it  into  a  smaller  space  will  be  attended  by  the  liquefaction 
of  a  portion,  the  density  of  the  remainder  being  unchanged.  If  a  little 
ether  be  introduced  into  a  barometer,  and  the  latter  slowly  sunk  into  a 
very  deep  cistern  of  mercury  (fig.  42),  it  will  be  found  that  the  height  of 
the  column  of  mercury  in  the  tube  above  that  in  the  cistern  remains  un- 
altered until  the  upper  extremity  of  the  barometer  ap- 
proaches the  surface  of  the  metal  in  the  column  and  all 
the  ether  has  become  liquid.  It  will  be  observed  also, 
that,  as  the  tube  sinks,  the  stratum  of  liquid  ether  in- 
creases in  thickness,  but  no  increase  of  elastic  force  oc- 
curs in  the  vapor  above  it,  and,  consequently,  no  increase 
of  density;  for  tension  and  density  are  always,  under 
ordinary  circumstances  at  least,  directly  proportionate  to 
each  other. 

The  point  of  maximum  density  of  vapor  is  dependent 
upon  the  temperature;  it  increases  rapidly  as  the  tem- 
perature rises.  This  is  well  shown  in  the  case  of  water. 
Thus,  taking  the  spec.  grav.  of  atmospheric  air  at  100° 
=1000,  that  of  aqueous  vapor  in  its  greatest  state  of 
compression  for  the  temperature  will  be  as  follows: 


Temperature. 
C                         w 

8peciflc  gravity. 

Weight  of  100  cubic 

0°        . 

82° 

5-690 

0-186  grains. 

10 

60 

10-293 

0-247      " 

16-5      . 

60 

14-108 

0838      *« 

877      . 

100 

46-500 

1113      " 

655      . 

150 

170-298 

4076      " 

100 

212 

625000 

14-962      " 

The  last  number  was  experimentally  found  by  Gay- 
Lussac;  the  others  are  calculated  from  that  by  the  aid  of 
Dal  ton' a  table  of  tensions,  on  the  assumption  that  Bteam, 
not  in  a  state  of  saturation,  that  is,  below  the  point  of 
greatest  density,  obeys  the  laws  of  Mariotte  (which  is, 
however,  only  approximately  true),  and  that  when  it  is 
cooled  it  contracts  like  the  permanent  gases. 

Thus,  there  are  two  distinct  methods  by  which  a  vapor 
may  be  reduced  to  the  liquid  form  — pressure,  by  causing 
increase  of  density  until  the  point  of  maximum  density 
for  a  given  temperature  is  reached;  and  co/rf,  by  which 
the  point  of  maximum  density  is  itself  lowered.  The 
most  powerful  effects  are  produced  when  both  are  con- 
joined. 

For  example,  if  100  cubic  inches  of  vapor  of  water  at  100°  F.,  in  the 
state  above  described,  had  its  temperature  reduced  to  50°  F.,  not  less  than 
0-89*  grain  of  liquid  water  would  necessarily  separate,  or  very  nearly 
eight-tenths  of  the  whole. 

Evaporation  into  a  space  filled  with  air  or  gas  follows  the  same  law  ns 
evaporation  into  a  vacuum:  as  much  vapor  arises,  and  the  condition  of 
maximum  density  is  assumed  in  the  same  manner,  as  if  the  space  were 
perfectly  empty ;  the  sole  difference  lies  in  the  length  of  time  required. 

*  100  cub.  inch,  aqueonn  vapor  at  100°  P.,  weighing  1-118  grain,  would  at  60°  F.  become 
reduced  to  91-07  cab.  inch.,  weighing  0-225  grain. 
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When  a  liquid  evaporates  into  a  vacuum,  the  point  of  greatest  density  is 
attained  at  once,  while  in  the  other  case  some  time  elapses  before  this 
happens :  the  particles  of  air  appear  to  oppose  a  sort  of  mechanical  resist- 
ance to  the  rise  of  the  vapor.  The  ultimate  effect  is,  however,  precisely 
the  same. 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel  closed  by 
mercury  a  little  water  is  added,  the  latter  immediately  begins  to  evaporate, 
and  after  some  time  as  much  vapor  will  be  found  to  have  risen  from  it  as 
if  no  gas  had  been  present,  the  quantity  depending  entirely  on  the  tempera- 
ture to  which  the  whole  is  subjected.  The  tension  of  this  vapor  will  add 
itself  to  that  of  the  gas.  and  produce  an  expansion  of  volume,  which  will  be 
indicated  by  an  alteration  of  level  in  the  mercury. 

Vapor  of  water  exists  in  the  atmosphere  at  all  times  and  in  all  situations, 
and  there  plays  a  most  important  part  in  the  economy  of  nature.  The  pro- 
portion of  aqueous  vapor  present  in  the  air  is  subject  to  great  variation, 
and  it  often  becomes  important  to  determine  its  quantity.  This  is  easily 
done  by  the  aid  of  the  foregoing  principles. 

Dew-Point.  —  If  the  aqueous  vapor  be  in  its  condition  of  greatest  possible 
density  for  the  temperature,  or,  as  it  is  frequently,  but  most  incorrectly, 
expressed,  the  air  be  saturated  with  vapor  of  water,  the  slightest  reduction 
of  temperature  will  cause  the  deposition  of  a  portion  in  the  liquid  form. 
If,  on  the  contrary,  as  is  almost  always  in  reality  the  case,  the  vapor  of 
water  be  below  its  state  of  maximum  density,  that  is,  in  an  expanded  con- 
dition, it  is  clear  that  a  considerable  fall  of  temperature  may  occur  before 
liquefaction  commences.  The  degree  at  which  this  takes  place  is  called  the 
dew-point,  and  it  is  determined  with  great  facility  by  a  very  simple  method. 
A  little  cup  of  thin  tin  plate  or  silver,  well  polished,  is  filled  with  water  at 
the  temperature  of  the  air,  and  a  delicate  thermometer  inserted.  The 
water  is  then  cooled  by  dropping  in  fragments  of  ice,  or  dissolving  in  it 
powdered  sal-ammoniac,  until  moisture  begins  to  make  its  appearance  on  the 
outside,  dimming  the  bright  metallic  surface.  The  temperature  of  the  dew- 
point  is  then  read  off  upon  the  thermometer,  and  compared  with  that  of 
the  air. 

Suppose,  by  way  of  example,  that  the  latter  were  70°  F.,  and  the  dew- 
point  50°  F.,  the  elasticity  of  the  watery  vapor  present  would  correspond 
to  a  maximum  density  proper  to  50°  F.,  and  would  support  a  column  of 
mercury  0-375  inch  high.  If  the  barometer  on  the  spot  stood  at  30  inches, 
therefore,  29-625  inches  would  be  supported  by  the  pressure  of  the  dry  air, 
ind  the  remaining  0*375  inch  by  the  vapor.  Now  a  cubic  foot  of  such  a 
mixture  must  be  looked  upon  as  made  up  of  a  cubic  foot  of  dry  air,  and  a 
cubic  foot  of  watery  vapor,  occupying  the  same  space,  and  having  tensions 
indicated  by  the  numbers  just  mentioned.  A  cubic  foot,  or  1728  cubic 
inches  of  vapor,  at  70°  F.,  would  become  reduced  by  contraction,  according 
to  the  usual  law,  to  1662*8  cubic  inches  at  50°  F. ;  this  vapor  would  be  at  its 
maximum  density,  having  the  specific  gravity  pointed  out  in  the  table ; 
hence  1662*8  cubic  inches  would  weigh  4*11  grains.  The  weight  of  the 
aqueous  vapor  contained  in  a  cubic  foot  of  air  will  thus  be  ascertained.  In 
this  country  the  difference  between  the  temperature  of  the  air  and  the  dew- 
point  seldom  reaches  30°  F.  (16*6°  C.)  degrees;  but  in  the  Deccan,  with  a 
temperature  of  90°  F.  (82*2°  C),  the  dew-point  sinks  as  low  as  29°  F.,  mak- 
ing the  degrees  of  dryness  61°  F.* 

Another  method  of  finding  the  proportion  of  moisture  present  in  the  air 
» to  observe  the  rapidity  of  evaporation,  which  is  always  in  some  relation 
to  the  degree  of  dryness.  The  bulb  of  a  thermometer  is  covered  with  mus- 
lin, and  kept  wet  with  water ;  evaporation  produces  cold,  as  will  presently  be 
**n,  and  accordingly  the  thermometer  soon  sinks  below  the  actual  tem- 

•  Daniell,  Introduction  to  Chemical  Philosophy,  p.  164. 
6* 
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perature  of  the  air.  When  it  comes  to  rest,  the  degree  is  noticed,  and  from 
a  comparison  of  the  two  temperatures  an  approximation  to  the  dew-po«iu 
Fig.  43.  can  ^e  0DtaiDe^  DJ  the  aid  of  a  mathematical  formula  con- 
trived for  the  purpose.  This  is  called  the  wet-bulb  hygrom- 
eter :  it  is  often  made  in  the  manner  shown  in  fig.  43.  where 
one  thermometer  serves  to  indicate  the  temperature  of  the  air, 
and  the  other  to  show  the  rate  of  evaporation,  being  kept  wet 
by  the  thread  dipping  in  the  water  reservoir. 

Liquefaction  of  Gate*.  —  The  perfect  resemblance  in  every 
respect  which  vapors  bear  to  permanent  gases,  led,  very 
naturally,  to  the  idea  that  the  latter  might,  by  the  application 
of  suitable  means,  be  made  to  assume  the  liquid  condition,  and 
this  surmise  was,  in  the  hands  of  Mr.  Faraday,  to  a  great  ex- 
tent verified.  Out  of  the  small  number  of  such  substances 
tried,  not  less  than  eight  gave  way;  and  it  is  quite  fair  to 
infer  that,  had  means  of  sufficient  power  been  at  hand,  the 
rent  would  have  shared  the  same  fata,  and  proved  to  be  nothing 
more  than  the  vapors  of  volatile  liquids  in  a  state  very  far  re- 
moved from  that  of  their  maximum  density.  The  subjoined 
table  represents  the  results  of  Mr.  Faraday's  first  investiga- 
w  *A      tions.  with  the  pressure  in  atmospheres,  and  the  temperatures 


Sulphur  dioxide 
Hydrogen  sulphide 
Carbon  dioxide 
Chlorine 

Nitrogen  monoxide 
Cyanogen 
Ammonia 
Hydrochloric  acid 


Atmospheres. 

2 

.     17     . 

86 

4     . 

60 

.       8-6 

6-6     . 
.     40     . 


Temperatures. 


c. 

F. 

7-2° 

46° 

10 

60 

0 

82 

16  6 

60 

7-2 

45 

72 

45 

10 

60 

10 

60 

The  method  of  proceeding  was  very  simple:  the  materials  were  sealed 
up  in  a  strong,  narrow  tube,  together  with  a  little  pressure-gauge,  consist- 
ing of  a  slender  tube,  closed  at  one  end,  and  having  within  it,  near  the 

open  extremity,  a  globule  of 
Fi9>  44-  mercury.     The  gas  being  dis- 

engaged by  heat,  accumulated 
in  the  tube,  and  by  its  own 
pressure  brought  about  con- 
densation. The  force  required 
for  this  purpose  was  judged 
of  by  the  diminution  of  volume  of  the  air  in  the  gauge. 

Mr.  Faraday  has  since  resumed,  with  the  happiest  results,  the  subject 
of  the  liquefaction  of  the  permanent  gases.  By  using  narrow  green  glass 
tubes  of  great  strength,  powerful  condensing  syringes,  and  an  extremely 
low  temperature,  produced  by  means  to  be  presently  described,  defiant  gas, 
hydriodic  and  hydrobromic  acids,  phosphoretted  hydrogen,  and  the  gaseous 
fluorides  of  silicon  and  boron,  were  successively  liquefied.  Oxygen,  hydro- 
gen, nitrogen,  nitrogen  dioxide,  carbon  monoxide,  and  marsh  gas,  refused 
to  liquefy  at  — 166°  F.,  while  subjected  to  pressures  varying  from  27  to 
68  atmospheres. 

Sir  Isambard  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris,  succeeded 


*  Phil.  Trans,  for  1823,  p.  189. 


HEAT. 


67 


in  obtaining  liquid  carbon  dioxide  (commonly-  called  carbonic  acid)  in 
great  abundance.  The  apparatus  of  M.  Thilorier  consists  of  a  pair  of  ex- 
tremely strong  metallic  vessels,  one  of  which  is  destined  to  serve  the  pur- 
pose of  a  retort,  and  the  other  that  of  a  receiver.  They  are  made  either 
of  thick  cast  iron  or  gun-metal,  or,  still  better,  of  the  best  and  heaviest 
boiler-plate,  and  are  furnished  with  stop-cocks  of  a  peculiar  kind,  the 
workmanship  of  which  must  be  excellent.  The  generating  vessel  or  retort 
has  a  pair  of  trunnions  upon  which  it  swings  in  an  iron  frame.  The  joints 
are  secured  by  collars  of  lead,  and  every  precaution  taken  to  prevent  leak- 
age under  the  enormous  pressure  the  vessel  has  to  bear.  The  receiver  re- 
sembles the  retort  in  every  respect;  it  has  a  similar  stop-cock,  and  is  con- 
nected with  the  retort  by  a  strong  copper  tube  and  a  pair  of  union  screw- 
joints;  a  tube  passes  from  the  stop-cock  downwards,  and  terminates  near 
the  bottom  of  the  vessel. 

The  operation  is  thus  conducted :  2}  lb.  of  acid  sodium  carbonate,  and 
6} lb.  of  water  at  100°  F.,  are  introduced  into  the  generator;  oil  of  vitriol 
to  the  amount  of  1}  lb.  is  poured  into  a  copper  cylindrical  vessel,  which  is 


Fig.U. 


lowered  down  into  the  mixture,  and  set  upright;  the  stopcock  is  then 
serewed  into  its  place,  and  forced  home  by  a  spanner  and  mallet.  The 
machine  is  next  tilted  up  on  its  trunnions,  that  the  acid  may  run  out  of  the 
cylinder  and  mix  with  the  other  contents  of  the  generator;  and  this  mix- 
ture is  favored  by  swinging  the  whole  backward  and  forward  for  a  few 
minutes,  after  which  it  may  be  suffered  to  remain  a  little  time  at  rest. 

The  receiver,  surrounded  with  ice,  is  next  connected  with  the  generator, 
and  both  cocks  opened ;  the  liquefied  carbon  dioxide  distils  over  into  the 
colder  vessel,  and  there  again  in  part  condenses.  The  cocks  are  now 
closed,  the  vessels  disconnected,  the  cock  of  the  generator  opened  to  allow 
the  contained  gas  to  escape ;  and.  lastly,  when  the  issue  of  gas  has  quite 
eeated,  the  stop-cock  itself  is  unscrewed,  and  the  sodium  sulphate  turned 
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out.  This  operation  must  to  repeated  five  or  six  limes  before  any  very 
considerable  quantity  of  liquefied  carbon  dioxide  will  have  accumulated  in 
the  receiver.  When  the  receiver  thus  charged  has  its  stop-cock  opened,  a 
stream  of  the  liquid  is  forcibly  driven  up  the  tube  by  the  elasticity  of  the 
gas  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  great  personal  danger  in  using  this  apparatus, 
unless  the  utmost  care  be  taken  in  its  management.  A  dreadful  accident 
occurred  in  Paris  by  the  bursting  of  one  of  the  iron  vessels. 

Liquid  carbon  dioxide  is  also  very  frequently  prepared  by  means  of  an 
apparatus  constructed  by  M.  Natterer,  of  Vienna,  which  enables  the  ex- 
perimentalist to  work  with  less  risk.  The  gas  disengaged  by  means  of 
sulphuric  acid  from  acid  potassium  carbonate,  is  pumped  by  means  of  a 
force-pump  into  a  wrought-iron  vessel,  exactly  as  the  air  is  pumped  into 
the  receiver  of  an  air-gun.  When  a  certain  pressure  has  been  reached, 
the  gas  is  liquefied,  and  if  the  pumping  be  continued,  considerable  quan- 
tities of  the  liquid  carbon  dioxide  may  be  thus  obtained.  By  this  appa- 
ratus nitrous  oxide  gas  has  been  condensed  to  a  liquid  without  the  use  of 
frigorific  mixtures. 

The  cold  produced  by  evaporation  has  been 
already  adverted  to:  it  is  simply  an  effect 
arising  from  the  conversion  of  sensible  heat 
into  latent  by  the  rising  vapor,  and  it  may  be 
illustrated  in  a  variety  of  ways.  Ether  drop- 
ped on  the  hand  thus  produces  the  sensation 
of  great  cold ;  and  water  contained  in  a  thin 
glass  tube,  surrounded  by  a  bit  of  rag,  is 
speedily  frozen  when  the  rag  is  kept  wetted 
with  ether. 

When  a  little  water  is  put  into  a  watch-glass,  supported  by  a  triangle  of 
wire  over  a  shallow  glass  dish  of  sulphuric  acid  placed  on  the  plate  of  a 
good  air-pump,  the  whole  covered  with  a  low  receiver,  and  the  air  with- 
drawn as  perfectly  as  possible,  the  water  is  in  a  few  minutes  converted 
into  a  solid  mass  of  ice.  The  absence  of  the  impediment  of  the  air,  and 
the  rapid  absorption  of  watery  vapor  by  the  oil  of  vitriol,  induce  such 
quick  evaporation  that  the  water  has  its  temperature  almost  immediately 
reduced  to  the  freezing-point. 

The  same  fact  is  shown  by  Wollaston's  cryophoru$f  or  frost -carrier.  It 
is  a  glass  vessel  of  the  figure  represented  in  fig.  47.  and  contains  a  small 
quantity  of  water,  the  rest  of  the  space  being  vacuous.  When  all  the 
water  is  turned  into  the  bulb,  and  the  empty  extremity  plunged  into  a 
mixture  of  ice  and  salt,  the  solidification  of  the  vapor  gives  rise  to  so  quick 
an  evaporation  from  the  surface  of  the  water,  that  the  latter  freezes. 

Jty.47. 


All  means  of  producing  artificial  cold  yield  to  that  derived  from  the  eva- 
poration of  the  liquefied  carbon  dioxide  just  mentioned.  When  a  jet  of 
that  liquid  is  allowed  to  issue  into  the  air  from  a  narrow  aperture,  so  intense 
a  decree  of  cold  is  produced  by  the  evaporization  of  a  part,  that  the  re- 
mainder freezes  to  a  solid,  and  falls  in  a  shower  of  snow.  By  suffering  this 
jet  of  liquid  to  flow  into  a  metal  box  provided  for  the  purpose,  shown  m 
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Fig.  48. 
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fig.  45,  a  large  quantity  of  the  solid  oxide  may  be  obtained :  it  closely  re- 
sembles snow  in  appearance,  and  when  held  in  the  hand  occasions  a  painful 
sensation  of  cold,  while  it  gradually  disappears.  When  it  is  mixed  with  a 
little  ether,  and  poured  upon  a  mass  of  mercury,  the  latter  is  almost  in- 
stantly froien,  and  in  this  way  pounds  of  the  solidified  metal  may  be  ob- 
tained. The  addition  of  the  ether  facilitates  the  contact  of  the  carbon 
dioxide  with  the  mercury. 

The  temperature  of  a  mixture  of  solid  carbon  dioxide  and  ether  in  the 
air,  measured  by  a  spirit-thermometer,  was  found  to  be — 106°  F. ;  when  the 
same  mixture  was  placed  beneath  the  receiver  of  an 
air-pump,  and  exhaustion  rapidly  made,  the  tem- 
perature sank  to  — 166°  F.  This  was  the  method 
of  obtaining  extreme  cold  employed  by  Mr.  Far- 
aday in  his  last  experiments  on  the  liquefaction 
of  gases.  Under  such  circumstances  the  liquefied 
hydriodio  and  hydrobromic  acids,  sulphur  diox- 
ide, carbon  dioxide,  nitrogen  monoxide,  hydrogen 
sulphide,  cyanogen,  and  ammonia,  froze  to  color- 
less transparent  solid*,  and  alcohol  became  thick 
and  oily. 

The  principle  of  the  cryophorus  has  been  very 
happily  applied  by  Mr.  Danicll  to  the  construction 
of  a  dew-point  hygrometer,  fig.  48.  It  consists 
of  a  bent  glass  tube  terminated  by  two  bulbs,  one 
of  which  is  half  filled  with  ether,  the  whole  being 
vacuous  as  respects  atmospheric  air.  A  delicate 
thermometer  is  contained  in  the  longer  limb,  the 
bulb  of  which  dips  into  the  ether;  a  second  ther- 
mometer on  the  stand  serves  to  show  the  actual 
temperature  of  the  air.  The  upper  bulb  is  cov- 
ered with  a  bit  of  muslin.  When  an  observation 
is  to  be  made,  the  liquid  is  all  transferred  to  the 
lower  bulb,  and  ether  dropped  upon  the  upper 
one,  until  by  the  cooling  effect  of  evaporation  a  distillation  of  the  contained 
liquid  takes  place  from  one  part  of  the  apparatus  to  the  other,  by  which 
such  a  reduction  of  temperature  of  the  ether  is  brought  about  that  dew  is 
deposited  on  the  outside  of  the  bulb,  which  is  made  of  black  glass  in  order 
that  it  may  be  more  easily  seen.  The  difference  of  temperature  indicated 
by  the  two  thermometers  is  then  read  off. 
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SPECIFIC  HEAT. 

It  is  a  very  remarkable  fact  that  equal  weights  of  different  substances 
having  the  same  temperature  require  different  amounts  of  heat  to  raise 
them  to  a  given  degree  of  temperature.  If  1  lb.  of  water,  at  100°,  be 
mixed  with  1  lb.  at  40°,  then,  as  is  well  known,  a  mean  temperature 

100  +  40 
of o ==  ~0  *8  obtained.     In  the  same  way  the  mean  temperature  is 

found  when  warm  and  cold  oil,  or  warm  and  cold  mercury,  &o.,  are  mixed 
together.  But  if  1  lb.  of  water  at  100°  be  mixed  with  1  lb.  of  olive  oil  at 
40*,  or  with  1  lb.  of  mercury  at  40°,  then  instead  of  the  mean  temperature 
of  70°,  in  the  one  case  80°,  in  the  other  case  98°,  will  be  obtained:  20 
degrees  of  heat,  which  the  water  (by  cooling  from  100°  to  80°)  gave  to  the 
same  weight  of  oil,  were  sufficient  to  raise  the  oil  40°,  that  is,  from  40°  to 
80°;  and  2°,  which  the  water  lost  by  cooling  from  100°  to  98°,  sufficed  to 
heat  an  equal  quantity  of  mercury  68°,  namely,  from  40°  to  98°. 
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It  is  evident  from  these  experiments  that  the  quantities  of  heat  which 
equal  weights  of  water,  olive  oil,  and  mercury,  require  to  raise  their  tem- 
perature to  the  same  height,  are  unequal,  and  that  they  are  in  the  propor- 
tion of  the  numbers  1  :  Jg  :  ^,  or  1  :  \  :  ^. 

These  quantities  of  heat,  expressed  relatively  to  the  quantity  of  heat  re- 
quired to  raise  the  temperature  of  an  equal  weight  of  water  from  0°  to  1° 
€.,  are  called  the  specific  heats  of  the  various  substances:  thus  the  ex- 
periments just  described  show  that  the  specific  heat  of  olive  oil  is  J,  that 
is  to  say,  the  quantity  of  heat  which  would  raise  the  temperature  of  any 
given  quantity  of  olive  oil  from  0°  to  1°  would  raise  that  of  an  equal  weight 
of  water  only  from  0°  to  J°,  or  of  half  that  quantity  of  water  from  0° 
tol°. 

The  specific  heats  of  bodies  are  sometimes  said  to  measure  their  relative 
capacities  for  heat. 

There  are  three  distinct  methods  by  which  the  specific  heats  of  various 
substances  may  be  estimated.  The  first  of  these  is  by  observing  the  quantity 
of  ice  melted  by  a  given  weight  of  the  substance  heated  to  a  particular 
temperature;  the  second  is  by  noting  the  time  which  the  heated  body  re- 
quires to  cool  down  through  a  certain  number  of  degrees;  and  the  third  is 
the  method  of  mixture,  on  the  principle  illustrated:  this  latter  method  is 
preferred  as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances  has  oc- 
cupied the  attention  of  many  experimenters;  among  these,  Dulong  and 
Petit,  and  recently  Regnault  and  Kopp,  deserve  especial  mention. 

From  the  observation  of  these  and  other  physicists,  it  follows  that  each 
body  has  its  peculiar  specific  heat,  and  that  the  specific  heat  increases 
with  increase  of  temperature.  If,  for  example,  the  heat  which  the  unit 
of  water  loses  by  cooling  from  10°  to  0°  be  marked  at  10°,  then  the  loss  by 
cooling  from  50°  to  0°  will  be,  not  50,  corresponding  to  the  difference  of 
temperature,  but  50*1.  By  cooling  from  100°  to  0°  it  is  100*5,  and  riaes  to 
203-2  when  the  water  is  heated  under  great  pressure  to  200°  and  afterwards 
cooled  to  0°.  Similar  and  even  more  striking  differences  have  been  found 
with  other  substances.  It  has  also  been  proved  that  the  specific  heat  of 
any  substance  is  greater  in  the  liquid  than  in  the  solid  state.  For  example, 
the  specific  heat  of  ice  is  0*504,  that  is,  not  more  than  half  as  great  as  that 
of  liquid  water. 

It  is  remarkable  that  the  specific  heat  of  water  is  greater  than  that  of 
all  other  solid  and  liquid  substances,  and  is  only  exceeded  by  that  of 
hydrogen.  The  specific  heat  of  the  solid  parts  of  the  crust  of  the  globe  is 
on  an  average  },  and  that  of  an  atmosphere  nearly  J  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  temperature  be 
accurately  known,  then  from  the  quantity  of  heat  which  this  body  gives  out 
when  quickly  dipped  into  cold  water,  the  temperature  to  the  which  the  body 
was  heated  may  be  determined.  Pouillet  has  founded  on  this  fact  a  method 
of  measuring  high  temperatures,  and  for  this  purpose,  with  the  help  of 
the  air- thermometer,  he  has  determined  the  specific  heat  of  platinum  up 
to  1600°. 

The  determination  of  the  specific  heat  of  gases  is  attended  with  peculiar 
difficulties,  on  account  of  the  comparatively  large  volume  of  small  weights 
of  gases.  For  many  gases,  however,  satisfactory  results  have  been  ob- 
tained by  the  method  of  mixing. 

When  a  gas  expands,  heat  becomes  latent.  The  amount  of  heat  required, 
therefore,  to  raise  a  gas  to  any  given  temperature  increases  the  more  the 
gas  in  question  is  allowed  to  expand.  The  quantity  of  heat  which  the 
unit-weight  of  a  gas  requires  in  order  to  raise  its  temperature  1°  without 
its  volume  undergoing  any  change  (which  can  only  take  place  by  the  pres- 
sure being  simultaneously  augmented)  is  called  the  specific  heat  of  the 
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gas  at  constant  volume.  The  quantity  of  heat  required  by  the  unit-weight 
of  a  gas  to  raise  its  temperature  1°,  it  being  at  the  same  time  allowed  to 
dilate  to  such  an  extent  that  the  pressure  to  which  it  is  exposed  remains 
unchanged,  is  called  the  specific  heat  of  the  gas  at  constant  pressure.  Ac- 
cording to  what  has  already  been  stated,  the  specific  heat  at  constant  pres- 
sure must  be  greater  than  that  at  constant  volume.  Dulong  found,  in  the 
case  of  atmospheric  air,  of  oxygen,  of  hydrogen,  and  of  nitrogen,  that  the 
two  specific  heats  are  in  the  proportion  1*421  :  1.  For  carbon  monoxide, 
however,  he  obtained  the  proportion  of  1*423,  for  carbon  dioxide  1*337,  for 
nitrogen  dioxide  1*343,  and  for  defiant  gas  1*24  to  1.  The  exact  determi- 
nation of  these  ratios  is  extremely  difficult,  and  the  results  of  different 
physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  heat  of  air  with  that  of 
water  was  made  by  Count  Rumford;  later  comparisons  of  the  specific  heat 
of  various  gases  have  been  made  by  Delaroche  and  Berard,  Dulong  and 
Regnault. 

The  first  researches  of  Delaroche  and  Berard  furnished  the  results  em- 
bodied in  the  following  table :  — 


SPECIFIC  HEAT. 

Equal  volumes. 
The  volumes           The  pressure 

Equal 
Alr  =  l. 

weights. 
Water  =  1. 

constant. 

constant. 

Atmospheric  air    . 

.      1 

1 

1 

0*2669 

Oxygen 

1 

1. 

0*9046 

0*2414 

Hydrogen 

.      1 

1 

14*4610 

3*8569 

Nitrogen    . 

1 

1 

1*0295 

0*2748 

Carbon  monoxide  . 

.      1 

1 

1*0337 

0*2759 

Nitrogen  monoxide 

1*227 

1160 

0-7607 

0*2030 

Carbon  dioxide 

.     1*249 

1175 

0*7686 

0*2051 

Olefiant  gas 

1*764 

1*631 

1*6829 

0*4225 

The  latest  and  most  trustworthy  determinations  are  those  of  Regnault, 
which  are  given  in  the  subjoined  table.  Its  second  column  of  figures, 
headed  "For  equal  weights.  Water  =  1,"  contains  the  specific  heats  of 
the  gases  under  constant  pressure,  that  of  water  being  taken  equal  to  1. 
As  it  is  both  useful  and  interesting  to  compare  the  quantities  of  heat  which . 
gases,  having  equal  volumes  at  0°  and  760  ■■.,  require  to  raise  them  1°,  the 
pressure  remaining  constant,  they  have  been  given  under  the  head  "For 
equal  volumes  "  in  the  third  column  of  the  table,  wherein,  it  should  be  stated, 
the  unit  of  heat  is  the  amount  of  heat  required  to  heat  a  unit-weight  of 
water  1°,  while  the  unit  of  volume  is  the  volume  of  a  unit-weight  of  air  at 
0°  and  760  —.  The  first  column  gives  the  specific  gravity  of  the  gases  re- 
ferred to  air  as  1. 


SPECIFIC  HEAT  AT  CONSTANT  PRESSURE. 


Atmospheric  air 
Oxygen     . 
Nitrogen 
Hydrogen . 
Chlorine 

Bromine  vapor . 
Carbon  monoxide 
Carbon  dioxide 


Specific  Gravity. 

For  equal  weights. 

For  equal 

Air  =  l. 

Water  =  1. 

volumes. 

1 

02377 

0-2877 

.       11056 

0*2175 

02405 

0*9713 

0-2438 

0.2368 

.      00692 

3*4090 

0-2369 

2*4502 

01210 

0-2965 

.      6-4772 

0*0555 

0-3040 

0*9670 

0-2450 

0*2370 

.      1*6210 

0-2169 

0*8307 
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Specific  Gravity. 

For  eqnal  weights.       For  ttgaal 

Omm. 

Air=rL 

Water  = 1. 

volumes. 

Nitrogen  monoxide    . 

.       15241 

0-2262 

03447 

Nitrogen  dioxide    . 

1-0384 

0-2317 

02406 

Olefiant  gas 

.      0-9G72 

0-4040 

0-4106 

Marsh  gas      .... 

0-5527 

05929 

0-3277 

Aqueous  vapor  . 

.      06220 

0-4805 

0-2989 

Sulphuretted  hydrogen . 

11746 

0-2432 

0-2857 

Sulphur  dioxide 

2-2112 

01544 

0-8414 

Vapor  of  carbon  bisulphide 

.      2-6258 

0  1569 

0-4122 

Hydrochloric  acid 

1-2596 

01852 

0-2333 

Ammonia  .... 

.      0-5894 

0-5084 

0-2996 

The  researches  of  Delaroche  and  Berard  led  them  to  suppose  that  the 
specific  heat  of  gases  increased  rapidly  as  the  temperature  was  raised,  and 
that  for  a  given  volume  of  gas  it  increased  in  proportion  to  the  density  or 
tension  of  the  gas.  Regnault  found,  however,  the  quantity  of  heat  which  a 
given  volume  of  gas  requires  to  raise  it  to  a  certain  temperature,  to  be  in- 
dependent of  its  density ;  and  that  for  each  degree  between  —  80°  and  225° 
it  is  constant.  Carbon  dioxide,  however,  forms  an  exception  to  this  rule,  its 
specific  heat  increasing  with  the  temperature.  Regnault  believes  that  other 
gases  agree  with  carbon  dioxide  in  showing  this  anomaly,  but  he  has  not 
established  it  by  experiment.  In  the  table,  mean  values  for  temperatures 
between  10°  and  200°  have  been  given. 

Several  physicists  have  held  that  the  specific  heats  of  elementary  gases, 
referred  to  equal  volumes,  are  identical.  The  numbers  which  Regnault 
found  for  chlorine  and  bromine,  however,  show  that  the  law  does  not  hold 
good  for  all  elementary  gases. 

It  has  been  already  stated  that,  when  a  gas  expands,  heat  becomes  latent. 
If  a  gas  on  expanding  be  not  supplied  with  the  requisite  heat,  its  tempera- 
ture falls  on  account  of  its  own  free  heat  becoming  latent.  On  the  other 
hand,  if  a  gas  be  compressed,  this  latent  heat  becomes  free,  and  causes  an 
elevation  of  temperature,  which,  under  favorable  circumstances,  may  be 
raised  to  ignition :  syringes  by  which  tinder  is  kindled  are  constructed  on 
this  principle. 

Dulong  and  Petit  observed  in  the  course  of  their  investigation  a  most  re- 
markable circumstance.  If  the  specific  heats  of  bodies  be  computed  upon 
equal  weights,  numbers  are  obtained  all  different,  and  exhibiting  no  simple 
relations  among  themselves;  but  if,  instead  of  equal  weights,  quantities  be 
taken  in  the  proportion  of  the  atomic  weights,  an  almost  perfect  coinci- 
dence in  the  numbers  will  be  observed,  showing  that  some  exceeding  inti- 
mate connection  must  exist  between  the  relations  of  bodies  to  heat  and 
their  chemical  nature;  and  when  the  circumstance  is  taken  into  view, 
that  relations  of  even  a  still  closer  kind  link  together  chemical  and 
electrical  phenomena,  it  is  not  too  much  to  expect  that  ere  long  some  law 
may  be  discovered  far  more  general  than  any  with  which  we  are  yet  ac- 
quainted. 

In  the  following  table  the  elementary  bodies  are  arranged  nearly 
in  the  order  of  their  specific  heats,  as  determined  by  Regnault,  begin- 
ning with  those  whose  specific  heat  is  the  greatest;  and  this  order,  it 
will  be  observed,  is  the  inverse  of  that  of  the  atomic  weights  in  the  third 
column :  — 
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Specific  Heats  of  Elementary  Bodice. 


— 

Specific  Heat 

(that  of 

Water— 1). 

Atomic 
Weight*. 

Product  of 
Bp.  Heat  X 
At  Weight. 

Lithium  .... 

09408 

7 

6-59 

Sodium 

0.2934 

23 

6-75 

Aluminium 

0-2143 

27.5 

6*89 

•a-*— {5B 

I    . 

0-2120 
01887 

}  «•  { 

6  67 
6-85 

Solphor 

0-2026 

82 

6-48 

Potassium 

01696 

39 

6*61 

'  Iron    . 

0-1188 

66 

6-87 

Nickel    . 

01086 

68-7 

6-87 

Cobalt 

01070 

58*7 

6-28 

Copper   . 

0-9615 

68-5 

6*04 

Zinc   . 

09555 

65 

6  24 

Amnio  . 

0*8140 

75 

610 

Selenium 

0-7616 

79 

6-02 

Bromine  (solid) 

0-8432 

80 

6-76 

Palladium  . 

0-5928 

106-5 

6-31 

SiWer     . 

0-5701 

108 

6-16 

Cadmium    . 

0-5669 

112 

6.35 

Tin 

05623 

118 

6  68 

Antimony    . 

06077 

122 

619 

i  Iodine    . 

0-5412 

127 

6-87 

i  Tellurium  . 

0-4787 

128 

606 

•  Gold       . 

0-3242 

196-7 

6-38 

Platinum     . 

0-3118 

197-4 

6  15 

«~ ^{SSL 

0*8192 
0-3382 

}     200       1 

6-88 
6-66 

Lead 

0*8140 

207 

6-50 

Bismuth 

i 

0*8084 

210 

6-48 

A  comparison  of  the  numbers  in  the  fourth  eolumn  of  this  table  shows 
that  for  a  considerable  number  of  elementary  bodies  in  the  solid  state  the 
specific  heats  are  very  nearly  proportional  to  the  atomic  weights,  so  that 
the  products  of  the  specific  heats  of  the  elements  into  their  atomic  weights 
fife  nearly  a  constant  quantity,  the  mean  value  being  6-4.  This  quantity 
n*7  be  taken  to  represent  the  atomic  heat  of  the  several  elements  in  the 
solid  state,  or  the  quantity  of  heat  which  must  be  imparted  to  or  removed 
from  atomic  proportions  of  the  several  elements,  in  order  to  produce  equal 
uriations  of  temperature. 

Nevertheless,  this  law  must  not  be  understood  aj  perfectly  general,  for 
there  are  three  elements,  namely,  carbon,  boron,  and  silicon,  which  exhibit 
decided  exceptions  to  it,  as  shown  by  the  following  numbers: 
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• 

Bpecttc  BmL 

Atonic 
Weights. 

Protect  of 
ftp.  Heat  X 
At.  Weight 

Boroa,  crystallised 

c  wood  charcoal 
Carbon  J  graphite 

(  diamond   . 

0-2500 
0-2416 
0-2006 
0-1469 
01774 
01750 

11 

(-{ 

1  -  { 

276 
2-90 
2*41 
1-76 
497 
470 

The  specific  heats  and  molecular  weights  of  similarly  constituted  com- 
pounds exhibit,  for  the  most  part,  the  same  relation  as  that  which  is  observed 
between  the  specific  heats  and  atomic  weights  of  the  element*. 
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The  first  and  greatest  source  of  heat,  compared  with  which  all  others 
are  totally  insignificant,  is  the  sun.  The  luminous  rays  are  accompanied 
by  rays  of  a  heating  nature,  which,  striking  against  the  surface  of  the  earth, 
elevate  its  temperature ;  this  heat  is  communicated  to  the  air  by  convection, 
as  already  described,  fir  and  gases  in  general  not  being  sensibly  heated  by 
the  passage  of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of  the  earth. 
It  has  been  observed  that  in  sinking  mine-shafts,  boring  for  water,  Ac.,  the 
temperature  rises  in  descending,  at  the  rate,  it  is  said,  of  about  4°  Ct  (1°  F.) 
for  every  45  feet,  or  65°  C.  (117°  F.J  per  mile.  On  the  supposition" that  the 
rise  continues  at  the  same  rate,  the  earth,  of  the  depth  of  less  than  two 
miles,  would  have  the  temperature  of  boiling  water;  at  nine  miles  it  would 
be  red-hot;  and  at  30  or  40  miles  depth  all  known  substances  would  be  in 
a  state  of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an  intensely 
heated  fluid  spheroid,  covered  with  a  crust  of  solid  badly  conducting  matter, 
cooled  by  radiation  into  space,  and  bearing  somewhat  the  same  proportions 
in  thickness  to  the  ignited  liquid  within,  that  the  shell  of  an  egg  bears  to 
its  fluid  contents.  Without  venturing  to  offer  any  opinion  on  this  theory,  it 
may  be  sufficient  to  observe  that  it  is  not  positively  at  variance  with  any 
known  fact ;  that  the  figure  of  the  earth  is  really  such  as  would  be  assumed 
by  a  fluid  mass ;  and,  lastly,  that  it  offers  the  best  explanation  we  have  of 
the  phenomena  of  hot  springs  and  volcanic  eruptions,  and  agrees  with  the 
chemical  nature  of  their  products. 

Among  the  other  sources  of  heat  are  chemical  combination  and  mechani- 
cal work. 

The  disengagement  of  heat  in  the  act  of  combination  is  a  phenomenon  of 
the  utmost  generality.  The  quantity  of  heat  given  out  in  each  particular 
case  is  fixed  and  definite;  its  intensity  is  dependent  upon  the  time  over 
which  the  action  is  extended.  Many  admirable  researches  on  this  subject 
have  been  published ;  but  their  results  will  be  more  advantageously  con- 
sidered at  a  later  part  of  this  work,  in  connection  with  the  laws  of  chemical 
combination. 

•  The  Artesian  well  at  Grenelle,  near  Paris,  hM  a  depth  of  1704-5  English  feet;  it  !■  bored 
through  the  chalk  basin  to  the  sand  beneath.  The  temperature  of  the  water,  which  is  exceed- 
ingly abundant,  is  82°  P.;  the  mean  temperature  of  Paris  is  61°  P.;  the  difference  is  31°  P.; 
which  gives  a  rate  of  about  1°  for  68  feet. 
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Heat  produced  by  Mechanical  Work. — Heat  and  motion  are  convertible  one 
into  the  other.  The  powerful  mechanical  effects  produced  by  the  elasticity 
of  the  vapor  evolved  from  heated  liquids  afford  abundant  illustration  of  the 
conversion  of  heat  into  motion ;  and  the  production  of  heat  by  friction,*  by 
the  hammering  of  metals,  and  in  the  condensation  of  gases  (p.  7z),  shows 
with  equal  clearness  that  motion  may  be  converted  into  heat. 

In  some  cases  the  rise  of  temperature  thus  produced  appears  to  be  due  to 
a  diminution  of  heat-capacity  in  the  body  operated  upon,  as  in  the  case  of 
a  compressed  gas  just  alluded  to.  Malleable  metals,  also,  as  iron  and  copper, 
which  become  heated  by  hammering  or  powerful  pressure,  are«found  thereby 
to  have  their  density  sensibly  increased  and  their  capacity  for  heat  dimin-  « 
ished.  A  soft  iron  nail  may  be  made  red-hot  by  a  few  dexterous  blows  on 
an  anvil;  but  the  experiment  cannot  be  repeated  until  the  metal  has  been 
axntaletL,  and  in  that  manner  restored  to  its  former  physical  state. 

But  the  amount  of  heat  which  can  be  developed  by  mechanical  force  is, 
in  most  cases,  out  of  all  proportion  to  what  can  be  accounted  for  in  this 
way.  Sir  H.  Davy  melted  two  pieces  of  ice  by  rubbing  them  together  in  a 
vacuum  at  the  temperature  of  0° ;  and  Count  Rumford  found  that  the  heat 
developed  by  the  boring  of  a  brass  cannon  was  sufficient  to  bring  to  the 
boiling-point  two  and  a  half  gallons  of  water,  while  the  dust  or  shavings 
of  metal,  cut  by  the  borer,  weighed  only  a  few  ounces.  In  these  and  all 
similar  cases  the  heat  appears  as  a  direct  result  of  the  force  expended ;  the 
motion  is  converted  into  heat. 

The  connection  between  heat  and  mechanical  force  appears  still  more  in- 
timate when  it  is  shown  that  they  are  related  by  an  exact  numerical  law,  a 
given  quantity  of  the  one  being  always  convertible  into  a  definite  amount 
of  the  other.  The  first  approximate  determination  of  this  most  important 
numerical  relation  was  made  by  Count  Rumford  in  the  manner  just  alluded 
to.  A  brass  cylinder  enclosed  in  a  box  containing  a  known  weight  of  water 
at  60°  F.  was  bored  by  a  steel  borer  made  to  revolve  by  horse-power,  and 
the  time  was  noted  which  elapsed  before  the  water  was  raised  to  the  boiling- 
point  by  the  heat  resulting  from  the  friction.  In  this  manner  it  was  found 
that  the  heat  required  to  raise  the  temperature  of  a  pound  of  water  by  1° 
F.  is  equivalent  to  1034  times  the  force  expended  in  raising  a  pound  weight 
one  foot  high,  or  to  1034  "foot  pounds,"  as  it  is  technically  expressed.  This 
estimate  is  now  known  to  be  too  high,  no  account  having  been  taken  of  the 
heat  communicated  to  the  containing  vessel,  or  of  that  which  was  lost  by 
dispersion  during  the  experiment. 

For  the  most  exact  determinations  of  .the  mechanical  equivalent  of  heat 
we  are  indebted  to  the  careful  and  elaborate  researches  of  Mr.  J.  P.  Joule. 
From  experiments  made  in  the  years  1840-48  on  the  relations  between  the 
heat  and  mechanical  power  generated  by  the  electric  current,  Mr.  Joule 
was  led  to  conclude  that  the  heat  required  to  raise  the  temperature  of  a 
pound  of  water  1°  F.  is  equivalent  to  838  foot-pounds ;  this  he  afterwards 
reduced  to  772 ;  and  a  nearly  equal  result  was  afterwards  obtained  by  ex- 
periments on  the  condensation  and  rarefaction  of  gases ;  but  this  estimate 
has  since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results  are  obtained  by  measuring  the  quantity  of 
heat  generated  by  the  friction  between  solids  and  liquids.  It  was  for  a  long 
time  believed  that  no  heat  was  evolved  by  the  friotion  of  liquids  and  gases. 
But  in  1842  Meyer  showed  that  the.  temperature  of  water  may  be  raised 
2*2°  or  23°  F.  by  agitating  it.  The  warmth  of  the  sea  after  a  few  days  of 
ttonay  weather  is  also  probably  an  effect  of  fluid  friction. 

The  apparatus  employed  by  Mr.  Joule  for  the  determination  of  this  im- 
portant constant,  by  means  of  the  friction  of  water,  consisted  of  a  brass 
paddle-wheel  furnished  with  eight  sets  of  revolving  vanes,  working  between 
far  sets  of  stationary  vanes.     This  revolving  apparatus,  of  which  fig-  49 
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shows  a  vertical,  and  fig.  60  a  horisontal  section,  was  firmly  fitted  into  a 
oopper  vessel  (see  fig.  61)  containing  water,  in  the  lid  of  which  were  two 

necks,  one  for  the  axis  to  revolTe  in 


**.». 
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without  touching,  the  other  for  the 
insertion  of  a  thermometer.  A 
similar  apparatus,  but  made  of  iron, 
and  of  smaller  sise,  having  six  rota- 
tory and  eight  sets  of  stationary 
vanes,  was  used  for  the  experiments 
on  the  friction  of  mercury.  The 
apparatus  for  the  friction  of  east- 
iron  consisted  of  a  vertical  axia  car- 
rying a  bevelled  cast-iron  wheel, 
against  which  a  bevelled  wheel  was 
pressed  by  a  lever.  The  wheels 
were  enclosed  in  a  cast-iron  vessel 
filled  with  mercury,  the  axis  passing 
through  the  lid.  In  each  apparatus 
motion  was  given  to  the  axis  by  the  descent  of  leaden  weights  *•  (fig.  61)  sus- 
pended by  strings  from  the  axis  of  two  wooden  pulleys,  one  of  which  is 


shown  at  j>,  their  axis  being  supported  on  friction  wheels  dd,  and  the  pulleys 
were  connected  by  fine  twine  with  a  wooden  roller  r,  which,  by  means  of  a 
pin,  could  be  easily  attached  to  or  removed  from  the  friction  apparatus. 

The  mode  of  experimenting  was  as  follows :  —  The  temperature  of  the 
frictional  apparatus  having  been  ascertained,  and  the  weights  wound  up, 
the  roller  was  fixed  to  the  axis,  and  the  precise  height  of  the  weights  as- 
certained; the  roller  was  then  set  at  liberty,  and  allowed  to  revolve  till  the 
weights  touched  the  floor.  The  roller  was  then  detached,  the  weights 
wound  up  again,  and  the  friction  renewed.  This  having  been  repeated 
twenty  times,  the  experiment  was  concluded  with  another  observation  of 
the  temperature  of  the  apparatus.  The  mean  temperature  of  the  apart- 
ment was  ascertained  by  observations  made  at  the  beginning,  middle,  and 
end  of  each  experiment.  Corrections  were  made  for  the  effects  of  radia- 
tion and  conduction ;  and,  in  the  experiments  with  water,  for  the  quantities 
of  heat  absorbed  by  the  copper  vessel  and  the  paddle-wheel.  In  the  ex- 
periments with  mercury  and  cast-iron,  the  heat-capacity  of  the  entire  ap- 
paratus was  ascertained  by  observing  the  heating  effect  which  it  produced 
on  a  known  quantity  of  water  in  which  it  was  immersed.    In  all  the  ex- 
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perimenta,  corrections  were  also  made  for  the  Telocity  with  which  the 
weights  came  to  the  ground,  and  for  the  friction  and  rigidity  of  the  strings. 
The  thermometers  used  were  capable  of  indicating  a  variation  of  tempera- 
ture as  small  as  y$»  °f  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained  by  this 
nethod;  the  second  column  gives  the  results  as  they  were  obtaine  in  air; 
in  the  third  column  the  same  results  corrected  for  a  vacuum :  — 

Material  Baairalent  Eqaimlent 

employed.  in  air.  in  Yacno.  Mean. 

Water       .        .  773-640  772-692  772-692 

if.«m«r  f  773-762  772-814  \  77i.nait 

Mercury.        .         \77e.m  775-352/  774K)88 

Piu^im*  f  776-997  7760451  774.0,87 

Cast-iron.         .         1 774.330  774-930/  774  987 

In  the  experiments  with  cast-iron,  the  friction  of  the  wheels  produced  a 
considerable  vibration  in  the  frame-work  of  the  apparatus,  and  a  loud 
sound;  it  was  therefore  necessary  to  make  allowance  for  the  quantity  of 
force  expended  in  producing  these  effects.  Tjo  number  772-692,  obtained 
by  the  friction  of  water,  is  regarded  as  the  most  trustworthy ;  but  even  this 
may  be  a  little  too  high;  because  even  in  the  friction  of  fluids  it  is  impos- 
sible entirely  to  avoid  vibration  and  sound.  The  conclusions  deduced  from 
these  experiments  are :  — 

1.  That  the  quantity  of  heat  produced  by  the  friction  of  bodies,  whether  solid  or 
liquid,  is  always  proportional  to  the  force  expended. 

2.  That  the  quantity  of  heat  capable  of  increasing  the  temperature  of  lib.  of 
*ster  (weighed  m  vacuo,  and  between  55°  and  60°)  by  1°  F.9  requires  for  its  evo- 
lotion  the  expenditure  of  a  mechanical  force  represented  by  the  fall  of  77216*. 
through  the  space  of  1  foot. 

Or,  the  heat  capable  of  increasing  the  temperature  of  1  gram  of  water  by  1°  C, 
w  equivalent  to  a  force  represented  by  the  fall  of  423-55  grams  through  the  space 
of  1  metre.     This  is  consequently  the  effect  of  tl  a  unit  of  heat.'1 

Experiments  made  by  other  philosophers  on  the  work  done  by  a  steam- 
engine,  on  the  heat  evolved  by  an  electro-magnetio  engine  at  rest  and  in 
motion,  and  on  the  heat  evolved  in  the  circuit  of  a  voltaic  battery  and  in  a 
metallic  wire  through  which  an  electric  current  is  passing,  have  given  values 
for  the  mechanical  equivalent  of  heat  very  nearly  equal  to  the  above. 

DYNAMICAL  THEORY  OF  HEAT. 
For  a  very  long  time  two  rival  theories  have  been  held  regarding  the 
nature  of  heat:  on  the  one  hand,  heat  has  been  viewed  as  having  a  material 
existence,  though  differing  from  ordinary  matter  in  being  without  weight, 
sad  in  other  respects;  on  the  other  hand,  it  has  been  regarded  as  a  state 
or  condition  of  ordinary  matter,  and  generally  as  a  condition  of  motion. 
From  the  latter  part  of  the  last  century,  until  the  modern  researches  upon 
the  mechanical  equivalent,  the  former  view  had  by  far  the  greater  number 
of  adherents.  Its  popularity  may  be  chiefly  traced  to  the  teaching  of  Black 
and  Lavoisier.  By  the  former  of  these  philosophers,  the  various  capacities 
for  heat,  or  specific  heats  of-  different  bodies,  seem  to  have  been  regarded 
ss  analogous  to  the  various  proportions  of  the  same  acid  required  to  neu- 
traliie  equal  quantities  of  different  bases,  while  the  solid,  liquid,  and 
gaseous  states  were  explained  by  Black  as  representing  so  many  distinct 
proportions  in  which  heat  was  capable  of  combining  with  ordinary  matter. 
Very  similar  views  were  advocated  by  Lavoisier :  he  regarded  all  gases  as 
compounds  of  a  base  characteristic  of  each,  with  caloric,  and  supposed  that 
when,  as  the  result  of  chemical  action,  they  assumed  the  liquid  or  solid 
*t*te,  this  caloric  was  set  free  and  appeared  as  sensible  heat. 
7* 
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Heat  was  compared  by  these  philosophers  to  a  material  substance,  in  order 
to  explain  its  then  known  quantitative  relations;  and  from  this  point  of 
view  the  conception  introduced  by  them  had  the  great  advantage  of  being 
more  easily  grasped  than  any  which  the  advocates  of  the  immaterial  nature 
of  heat  had  to  offer  in  its  place.  It  was  much  easier  to  conceive  of  definite 
quantities  of  an  exceedingly  subtile  substance  or  fluid,  than  of  definite 
quantities  of  motion,  which  was  itself  undefined  as  to  its  nature.  It  was  a 
direct  consequence  of  the  material  view,  that  heat  should  be  considered  as 
indestructible  and  as  incapable  of  being  produced,  and  therefore  that  the 
total  quantity  of  heat  in  the  universe  should  be  regarded  as  at  all  times  the 
same. 

But,  on  the  other  hand,  this  hypothesis  did  not  afford  a  satisfactory  ex- 
planation of  the  production  of  heat  by  mechanical  means.  Here  it  was  not 
easy  to  deny  the  actual  generation  of  heat,  or  to  explain  the  effects  as  de- 
pending merely  on  its  altered  distribution.  Nevertheless,  the  evolution  of 
neat  by  friction  and  percussion  was  generally  considered,  by  the  advocates 
of  the  material  view,  as  in  some  way  resulting  from  a  diminution  in  the 
capacities  for  heat  of  the  bodies  operated  upon ;  and  this  explanation  de- 
rived considerable  support  from  the  remark,  made  by  Black,  that  a  piece 
of  soft  iron,  which  has  been  once  made  red-hot  by  hammering  (see  p.  75), 
cannot  be  so  heated  a  second  time  until  it  has  been  heated  to  redness  in  a 
fire  and  allowed  to  cool.  In  this  case,  certainly,  it  seemed  as  though  the 
hammering  forced  out  heat  from  the  mass  of  iron,  like  water  from  a  sponge, 
and  that  a  fresh  supply  was  taken  up  when  the  iron  was  put  in  the  fire. 
This  explanation,  however,  did  not  satisfy  Rumford,  who,  in  the  investi- 
gation described  above,  made  direct  experiments  upon  the  specific  heat  of 
the  chips  of  metal  detached  by  the  friction,  and  found  it  to  be  identical  with 
that  of  brass  under  ordinary  circumstances.  Still  more  decisive  proof  that 
the  heat  generated  by  friction  cannot  be  ascribed  to  a  diminution  of  specific 
heat  in  the  substances  operated  on  was  afforded  by  Davy's  experiment  on 
the  liquefaction  of  ice  by  friction ;  for  in  this  case  the  ice  was  converted 
into  a  liquid  having  twice  the  specific  heat  of  the  ice  itself.  Hence  Davy  * 
drew  the  conclusion  that,  "The  immediate  cause  of  the  phenomena  of  heat 
is  motion,  and  the  laws  of  its  communication  are  precisely  the  same  as  the 
lawB  of  the  communication  of  motion." 

The  mechanical,  or  dynamical  theory,  which  regarded  heat  as  consisting 
in  a  state  of  molecular  motion,  cannot  however  be  said  to  have  been  defi- 
nitely established,  until  it  also  was  made  quantitative, — until  it  was  shown 
that  exact  numerical  laws  regulate  the  production  of  heat  by  work  or  of 
work  by  heat,  equally  with  its  production  during  solidification  and  disap- 
pearance during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  theory  of  heat,  we 
give  an  outline  of  the  view  of  the  constitution  of  gases,  first  put  forward, 
in  its  present  form,  by  Joule ;  +  and  subsequently  developed  by  Kronig,  J 
and  Clausius,{  and  of  the  explanation  of  the  relations  existing  between 
solids,  liquids,  and  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher. 

First,  then,  it  is  assumed  that  the  particles  of  all  bodies  are  in  constant 
motion,  and  that  this  motion  constitutes  heat,  the  kind  and  quantity  of  mo- 
tion varying  according  to  the  state  of  the  body,  whether  solid,  liquid,  or 
gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggregate  of  atoms — 
are  supposed  to  be  constantly  moving  forward  in  straight  lines,  and  with  a 
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constant  Telocity,  till  they  impinge  against  each  other,  or  against  an  im- 
penetrable wall.  This  constant  impact  of  the  molecules  produces  the  ex- 
pansive tendency  or  elasticity  which  is  the  peculiar  characteristic  of  the 
gaseous  state.  The  rectilinear  movement  is  not,  however,  the  only  one  with 
which  the  particles  are  affected.  For  the  impact  of  two  molecules,  unlesB 
it  takes  place  exactly  in  the  line  joining  their  centres  of  gravity,  must  give 
rise  to  a  rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of  which  the 
molecules  are  composed  may  be  supposed  to  vibrate  within  certain  limits, 
being,  in  fact,  thrown  into  vibration  by  the  impact  of  the  molecules.  This 
vibratory  motion  is  called  by  Clausius,  the  motion  of  the  constituent  atoms. 
The  total  quantity  of  heat  in  the  gas  is  made  up  of  the  progressive  motion 
of  the  molecules,  together  with  the  vibratory  and  other  motions  of  the  con- 
stituent atoms ;  bat  the  progressive  motion  alone,  which  is  the  cause  of  the 
expansive  tendency,  determines  the  temperature.  Now,  the  outward  pressure 
exerted  by  the  gas  against  the  containing  envelope  arises,  according  to  the 
hypothesis  under  consideration,  from  the  impact  of  a  great  number  of 
gaseous  molecules  against  the  sides  of  the  vessel.  But  at  any  given  tem- 
perature, that  is,  with  any  given  velocity,  the  number  of  such  impacts  taking 
place  in  a  given  time,  must  vary  inversely  as  the  volume  of  the  given  quan- 
tity of  gas;  hence  the  pressure  varies  inversely  as  the  volume  or  directly  as  the 
dtnsty,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting  from  the 
impact  of  the  molecules  is  proportional  to  the  sum  of  the  masses  of  all  the 
molecules  multiplied  into  the  squares  of  their  velocities ;  in  other  words,  to 
the  so-called  vis  viva  or  working  force  of  the  progressive  motion.  If,  for  ex- 
ample, the  Telocity  be  doubled,  each  molecule  will  strike  the  sides  of  the 
vessel  with  a  twofold  force,  and  its  number  of  impacts  in  a  given  time  will 
also  be  doubled :  hence  the  total  pressure  will  be  quadrupled. 

Now,  we  know  that  when  a  given  quantity  of  any  perfect  gas  is  main- 
tained at  a  constant  volume,  it  tends  to  expand  by  2}T  of  its  bulk  at  xero 
for  each  degree  Centigrade.  Hence  the  pressure  or  elastic  force  increases 
proportionally  to  the  temperature  reckoned  from — 273°  C. ;  that  is  to  say, 
to  die  absolute  temperature.  Consequently,  the  absolute  temperature  is  pro- 
pordonal  to  the  working  force  of  the  progressive  motion. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  gas  depend  on 
the  manner  in  which  its  atoms  are  united,  it  follows  that  in  any  given  gas 
the  different  motions  must  be  to  one  another  in  a  constant  ratio ;  and,  there- 
fore, the  vis  viva  or  working  force  of  the  progressive  motion  must  be  an 
aliquot  part  of  the  entire  working  force  of  the  gas :  hence  also  the  absolute 
temperature  is  proportional  to  the  total  working  force  arising  from  all  the 
motions  of  the  particles  of  the  gas. 

From  this  it  follows  that  the  quantity  of  heat  which  must  be  added  to  a 
gas  of  constant  volume  in  order  to  raise  its  temperature  by  a  given  amount, 
is  constant  and  independent  of  the  temperature.  In  other  words,  the 
specific  heat  of  a  gas  referred  to  a  given  volume  is  constant,  a  result  which 
agrees  with  this  experiments  of  Regnault,  mentioned  at  p.  72.  The  result 
may  be  otherwise  expressed,  as  follows:  —  The  total  or  working  force  of  the 
gssisto  the  working  force  of  the  progressive  motion  of  the  molecules,  which  is  the 
measure  of  the  temperature,  m  a  constant  ratio.  This  ratio  is  different  for  dif- 
ferent gases,  and  is  greater  as  the  gas  is  more  complex  in  its  constitution : 
in  other  words,  as  its  molecules  are  made  up  of  a  greater  number  of  atoms. 
The  specific  heat  referred  to  a  constant  pressure  is  known  to  differ  from  the 
true  specific  heat  only  by  a  constant  quantity. 

The  relations  just  considered  between  the  pressure,  volume,  and  temper- 
ature of  gases,  presuppose,  however,  certain  conditions  of  molecular  con- 
stitution, which  are,  perhaps,  never  rigidly  fulfiled ;  and,  accordingly,  the 
experiments  of  Magnus  and  Regnault  show  (p.  52)  that  gases  do  exhibit 
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slight  deration!  from  Gay-Lussac  and  Boyle's  laws.  What  the  conditions 
are  which  strict  adherence  to  these  laws  would  require,  will  be  better  under- 
stood by  considering  the  differences  of  molecular  constitution  which  must 
exist  in  the  solid,  liquid,  and  gaseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three  states. 
In  the  solid  state,  the  motion  is  such  that  the  molecules  oscillate  about 
certain  positions  of  equilibrium,  which  they  do  not  quit,  unless  they  are 
acted  upon  by  external  forces.  This  vibratory  motion  may,  however,  be  of 
a  very  complicated  character.  The  constituent  atoms  of  a  molecule  may 
vibrate  separately;  the  entire  molecules  may  also  vibrate  as  such  about 
their  centres  of  gravity,  and  the  vibrations  may  be  either  rectilinear  or 
rotatory.  Moreover,  when  extraneous  forces  act  upon  the  body,  as  in 
shocks,  the  molecules  may  permanently  alter  their  relative  positions. 

In  the  liquid  state  the  molecules  have  no  determinate  positions  of  equili- 
brium. They  may  rotate  completely  about  their  centres  of  gravity,  and 
may  also  move  forward  into  other  positions.  But  the  repulsive  action 
arising  from  the  motion  is  not  strong  enough  to  overcome  the  mutual  attrac- 
tion of  the  molecules  and  separate  them  completely  from  each  other.  A 
molecule  is  not  permanently  associated  with  its  neighbors,  as  in  the  solid 
state;  it  does  not  leave  them  spontaneously,  but  only  under  the  influence 
of  forces  exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in  the  liquid 
state,  a  vibratory,  rotatory,  and  progressive  movement  of  the  molecules,  but 
so  regulated,  that  they  are  not  thereby  forced  asunder,  but  remain  within 
a  certain  volume  without  exerting  any  outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are  removed  quite 
beyond  the  sphere  of  their  mutual  attractions,  and  travel  onward  in  straight 
lines  according  to  the  ordinary  laws  of  motion.  When  two  such  molecules 
meet,  they  fly  apart  from  each  other,  for  the  roost  part  with  a  velocity 
equal  to  that  with  which  they  came  together.  The  perfection  of  the  gaseous 
state,  however,  implies:  — 1.  That  the  space  actually  occupied  by  the  mole- 
cules of  the  gas  be  infinitely  small  in  comparison  with  the  entire  volume  of 
the  gas. — 2.  That  the  time  occupied  in  the  impact  of  a  molecule,  either 
against  another  molecule  or  against  the  sides  of  the  vessel,  be  infinitely 
small  in  comparison  with  the  interval  between  any  two  impacts.  —  3.  That 
the  influence  of  the  molecular  forces  be  infinitely  small.  When  these  con- 
ditions are  not  completely  fulfilled,  the  gas  partakes  more  or  leas  of  the 
nature  of  a  liquid,  and  exhibits  certain  deviations  from  Gay-Lussac  and 
Boyle's  laws.  Such  is,  indeed,  the  case  with  all  known  gases;  to  a  very 
slight  extent  with  those  which  have  not  yet  been  reduced  into  the  liquid 
state ;  but  to  a  greater  extent  with  vapors  and  condensable  gases,  especially 
near  the  points  of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It  has  been 
said  that  the  molecule  of  a  liquid,  when  it  leaves  those  with  which  it  is  as- 
sociated, ultimately  takes  up  a  similar  position  with  regard  to  other  mole- 
cules. This,  however,  does  not  preclude  the  existence  of  considerable  ir- 
regularities in  the  actual  movements.  Now,  at  the  surface  of  the  liquid,  it 
may  happen  that  a  particle,  by  a  peculiar  combination  of  the  rectilinear, 
rotatory,  and  vibratory  movements,  may  be  projected  from  the  neighboring 
molecules  with  such  force  as  to  throw  it  completely  out  of  their  sphere  of 
action  before  its  projectile  velocity  can  be  annihilated  by  the  attractive 
force  which  they  exert  upon  it.  The  molecule  will  then  be  driven  forward 
into  the  space  above  the  liquid,  as  if  it  belonged  to  a  gas,  and  that  Bpaoe, 
if  originally  empty,  will  in  consequence  of  the  action  just  described,  become 
more  and  more  filled  with  these  projected  molecules,  which  will  comport 
themselves  within  it  exactly  like  a  gas,  impinging  and  exerting  pressure 
upon  the  sides  of  the  envelope.     One  of  these  sides,  however,  is  formed  by 


HEAT.  81 

the  surface  of  the  liquid,  and  when  a  molecule  impinges  upon  this  surface, 
it  will,  in  general,  not  be  driven  back,  but  retained  by  the  attractive  forces 
of  the  other  molecules.  A  state  of  equilibrium,  not  static,  but  dynamic, 
will  therefore  be  attained,  when  the  number  of  molecules  projected  in  a 
given  time  into  the  space  above,  is  equal  to  the  number  which  in  the  same 
time  impinge  upon^and  are  retained  by  the  surface  of  the  liquid.  This  is 
the  process  of  vaporisation.  The  density  of  the  vapor  required  to  insure 
the  compensation  just  mentioned,  depends  upon  the  rate  at  which  the  par- 
ticles are  projected  from  the  surface  of  the  liquid,  and  this  again  upon  the 
rapidity  of  their  movement  within  the  liquid,  that  is  to  say,  upon  the  tem- 
perature. It  is  clear,  therefore,  that  the  density  of  a  saturated  vapor  must 
increase  with  the  temperature. 

If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the  molecules 
of  this  gas  will  impinge  upon  the  surface  of  the  liquid,  and  thereby  exert 
pressure  upon  it;  but  as  these  gas-molecules  occupy  but  an  extremely  small 
proportion  of  the  space  above  the  liquid,  the  particles  of  the  liquid  will  be 
projected  into  that  space  almost  as  if  it  were  empty.  In  the  middle  of  the 
liquid,  however,  the  external  pressure  of  the  gas  acts  in  a  different  manner. 
There  also  it  may  happen  that  the  molecules  may  be  separated  with  such 
force  as  to  produce  a  small  vacuum  in  the  midst  of  the  liquid.  But  this 
space  is  surrounded  on  all  sides  by  masses  which  afford  no  passage  to  the 
disturbed  molecules;  and  in  order  that  they  may  increase  to  a  permanent 
vapor-bubble,  the  number  of  molecules  projected  from  the  inner  surface  of 
the  vessel  must  be  such  as  to  produce  a  pressure  outwards  equal  to  the  ex- 
ternal pressure  tending  to  compress  the  vapor-bubble.  The  boiling  of  the 
liquid  will,  therefore,  be  higher  as  the  external  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporization,  it  is  possible  that 
vapor  may  rise  from  a  solid  as  well  as  from  a  liquid ;  but  it  by  no  means 
necessarily  follows  that  vapor  must  be  formed  from  all  bodies  at  all  tempera- 
tures. The  force  which  holds  together  the  molecules  of  a  body  may  be 
too  great  to  be  overcome  by  any  combination  of  molecular  movements,  so 
long  as  the  temperature  does  not  exceed  a  certain  limit. 

The  production  and  consumption  of  heat  which  accompany  changes  in  the 
state  of  aggregation,  or  of  the  volume  of  bodies,  are  easily  explained,  ac- 
cording to  the  preceding  principles,  by  taking  account  of  the  work  done  by 
the  acting  forces.  This  work  is  partly  external  to  the  body,  partly  internal. 
To  consider  first  the  internal  work : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change 
may  take  place  either  in  accordance  with  or  in  opposition  to  the  action  of 
the  molecular  forces  existing  within  the  body.  In  the  former  case,  the 
molecules,  during  the  passage  from  one  state  to  the  other,  have  a  certain 
velocity  imparted  to  them,  which  is  immediately  converted  into  heat ;  in  the 
latter  case,  the  velocity  of  their  movement,  and  consequently  the  tempera- 
ture of  the  body,  is  diminished.  In  the  passage  from  the  solid  to  the  liquid 
state,  the  molecules,  although  not  removed  from  the  Bpheres  of  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition  to  the 
molecular  forces,  which  forces  have,  therefore,  to  be  overcome.  In  evapo- 
ration, a  certain  number  of  the  molecules  are  completely  separated  from  the 
remainder,  which  again  implies  the  overcoming  of  opposing  forces.  In 
both  cases,  therefore,  work  is  done,  and  a  certain  portion  of  the  working 
force  of  the  molecules,  that  is,  of  the  heat  of  the  body,  is  lost.  But  when 
once  the  perfect  gaseous  state  is  attained,  the  molecular  forces  are  com- 
pletely overcome,  and  any  further  expansion  may  take  place  without  inter- 
nal work,  and,  therefore,  without  loss  of  heat,  provided  there  is  no  external 
resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a  certain 
amount  of  external  resistance  to  be  overcome,  and  a  corresponding  loss  of 
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heat.  When  the  pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms, 
is  exerted  against  a  movable  obstacle,  such  as  a  piston,  the  molecules  lose 
just  so  much  of  their  moving  power  as  they  have  imparted  to  the  piston, 
and,  consequently,  their  velocity  is  diminished  and  the  temperature  lowered. 
On  the  contrary,  when  a  gas  is  compressed  by  the  motion  of  a  piston,  its 
molecules  are  driven  back  with  greater  velocity  than  that  with  which  they 
impinged  on  the  piston,  and,  consequently,  the  temperature  of  the  gas  is 
raised. 

When  a  liquid  is  converted  into  vapor,  the  molecules  hare  to  overcome 
the  atmospheric  pressure  or  other  external  resistance,  and,  in  consequence 
of  this,  together  with  the  internal  work  already  spoken  of,  a  large  quantity 
of  heat  disappears,  or  is  rendered  latent,  the  quantity  thus  consumed  being, 
to  a  considerable  extent,  affected  by  the  external  pressure.  The  liquefac- 
tion of  a  solid  not  being  attended  with  much  increase  of  volume,  involves 
but  little  external  work;  nevertheless  the  atmospheric  pressure  does  in- 
fluence, to  a  slight  amount,  both  the  latent  heat  of  fusion  and  the  melting- 
point. 
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TWO  views  have  been  entertained  respecting  the  nature  of  light.  Sir 
Isaac  Newton  imagined  that  luminous  bodies  emit,  or  shoot  out,  infi- 
nitely small  particles  in  straight  lines,  which,  by  penetrating  the  transparent 
parts  of  the  eye  and  falling  upon  the  nervous  tissue,  produce  vision.  Other 
philosophers  drew  a  parallel  between  the  properties  of  light  and  those  of 
sound,  and  considered  that,  as  sound  is  certainly  the  effect  of  undulations, 
or  tittle  waves,  propagated  through  elastic  bodies  in  all  directions,  so  light 
might  be  nothing  more  than  the  consequence  of  similar  undulations  trans- 
mitted with  inconceivable  velocity  through  a  highly  elastic  medium,  of  ex- 
cessive tenuity,  filling  all  space,  and  occupying  the  intervals  between  the 
particles  of  material  substances.  To  this  medium  they  gave  the  name  of 
dktr.  The  wave  hypothesis  of  light  is  at  present  generally  adopted.  It  is 
in  harmony  with  all  the  known  phenomena  discovered  since  the  time  of 
Newton,  not  a  few  of  which  wero  first  deduced  from  the  undulatory  theory, 
and  afterwards  verified  by  experiment.  Several  well-known  facts  are  in 
direct  opposition  to  the  theory  of  emission. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a  straight  line, 
and  with  extreme  velocity.  Certain  astronomical  observations  afford  the 
means  of  approximating  to  a  knowledge  of  this  velocity.  The  satellites  of 
Jupiter  revolve^about  the  planet  in  the  same  manner  as  the  moon  about  the 
earth,  and  the  time  required  by  each  satellite  for  the  purpose  is  exactly 
known  from  its  periodical  entry  into  or  exit  from  the  shadow  of  the  planet. 
The  time  required  by  one  is  only  42  hours.  Romer,  the  astronomer  of 
Copenhagen,  found  that  this  period  appeared  to  be  longer  when  the  earth, 
in  its  passage  round  the  sun,  moved  from  the  planet  Jupiter;  and,  on  the 
contrary,  he  observed  that  the  periodic  time  appeared  to  be  shorter  when 
the  earth  moved  in  the  direction  towards  Jupiter.  The  difference,  though 
very  small  for  a  single  revolution  of  the  satellite,  increases,  by  the  addition 
of  many  revolutions,  during  the  passage  of  the  earth  from  its  nearest  to 
its  greatest  distance  from  Jupiter,  that  is,  in  about  half  a  year,  till  it 
amoants  to  16  minutes  and  16  seconds.  Romer  concluded  from  this,  that 
the  tight  of  the  sun,  reflected  from  the  satellite,  required  that  time  to 
pass  through  a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth ; 
and  since  this  place  is  little  short  of  200  millions  of  miles,  the  velocity  of 
light  cannot  be  less  than  200,000  miles  in  a  second  of  time.  It  will  be  seen 
hereafter  that  this  rapidity  of  transmission  is  rivalled  by  that  of  electricity. 
Another  astronomical  phenomenon,  observed  and  correctly  explained  by 
Bradley,  the  aberration  of  the  fixed  stars,  leads  to  the  same  result.  Phy- 
sicists have,  moreover,  succeeded  in  measuring  the  velocity  of  light  for 
terrestrial,  and,  indeed,  comparatively  small  distances;  the  results  of 
these  experiments  essentially  correspond  with  those  given  by  astronomical 
observations. 

When  a  ray  of  light  falls  upon  a  boundary  between  two  media,  a  part  of 
it,  and,  in  exceptional  cases,  the  whole,  is  reflected  into  the  first  medium, 
whilst  the  other  part  penetrates  the  second  medium. 

The  law  of  regular  reflection  is  extremely  simple.  If  a  line  be  drawn 
perpendicular  to  the  surface  upon  which  the  ray  falls,  and  the  angle  con- 
tained between  the  ray  and  the  perpendicular  measured,  it  will  be  found 
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that  the  ray,  after  reflection,  takes  euoh  a  course  as  to  make  with  the  per- 
pendicular an  equal  angle  on  the  opposite  side  of  the  latter.     A  ray  of  light, 

k,  falling  at  the  point  r,  will  be  reflected 
in  the  direction  pb/,  making  the  angle 
b/pp'  equal  to  the  angle  bpp'  ;  and  a  ray 
from  the  point  r  falling  upon  the  same  spot 
will  be  reflected  to  r*  in  virtue  of  the  same 
1a w.  Further,  it  is  to  be  observed  that  the 
incident  and  reflected  rays  are  always  con- 
tained in  the  same  normal  plane. 

The  same  rule  holds  good  if  the  mirror 
be  curved,  as  a  portion  of  a  sphere,  the 
curve  being  considered  as  made  up  of  a 
multitude  of  little  planes.  Parallel  rays 
cease  to  be  so  when  reflected  from  curved  surfaces,  becoming  divergent  or 
convergent  according  as  the  reflecting  surface  is  convex  or  concave. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  of  which  are 
inclined  towards  each  other  without  order,  reflect  the  light  diffused  The 
perception  of  bodies  depends  upon  the  diffused  reflected  light. 

It  has  just  been  stated  that  light  passes  in 
straight  lines ;  but  this  is  true  only  so  long  as 
the  medium  through  which  it  travels  pre- 
serves the  same  density  and  the  same  chemi- 
cal nature :  when  this  ceases  to  bo  the  case, 
the  ray  of  light  is  bent  from  its  course  into  a 
new  one,  or  is  said  to  be  refracted. 

Let  k  be  a  ray  of  light  falling  upon  a  plate 
of  some  transparent  substance  with  parallel 
sides,  such  as  a  pieoe  of  thick  plate  glass,— 
in  short,  any  transparent  homogeneous  ma- 
terial which  is  either  non-crystalline,  or  crys- 
tallises in  the  regular  system ;  and  let  a  be 
its  point  of  contact  with  the  upper  surface. 
The  ray,  instead  of  holding  a  straight  course 
and  passing  into  the  glass  in  the  direction  a  b,  will  be  bent  downwards  to 
c ;  and,  on  leaving  the  glass,  and  issuing  into  the  air  on  the  other  side,  it 
will  again  be  bent,  but  in  the  opposite  direction,  so  as  to  make  it  parallel 
to  the  continuation  of  its  former  track,  provided  there  be  one  and  the  same 
medium  on  the  upper  and  lower  side  of  the  plate.  The  general  law  is  thus 
expressed :  —  When  the  ray  passes  from  a  rare  to  a  denser  medium,  it  is 
usually  refracted  towards  a  line  perpendicular  to  the  surface  of  the  latter; 
and  conversely,  when  it  leaves  a  dense  medium  for  a  rarer  one,  it  is  re- 
fracted from  a  line  perpendicular  to  the  surface  of  the  denser  substance ;  in 
the  former  case  the  angle  of  incidence  is  greater  than  that  of  refraction ;  in 
the  latter  it  is  less.  In  both  cases  the  direction  of  the  refracted  ray  is  in 
the  plane  has,  which  is  formed  by  the  falling  ray  and  the  perpendicular 
s  a  drawn  from  the  spot  where  the  ray  is  refracted ;  the  angle  ea8  =  bas/. 
iB  called  the  angle  of  incidence.  The  angle  c  a  b'  is  called  the  angle  of  re- 
fraction. The  difference  of  these  two  angles,  that  is,  the  angle  c  a  b,  is  the 
refraction. 

The  amount  of  refraction,  for  the  same  medium,  varies  with  the  obliquity 
with  which  the  ray  strikes  the  surface.  When  perpendicular  to  the  latter, 
the  ray  passes  without  change  of  direction  at  all ;  and  in  other  positions, 
the  refraction  increases  with  the  obliquity. 

Let  b  represent  a  ray  of  light  falling  upon  the  surface  of  a  mass  of  plate 
glass  at  the  point  a.  From  this  point  let  a  perpendicular  fall  and  be  con- 
tinued into  the  new  medium ;  and  around  the  same  point,  as  a  centre,  let 
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\  circle  be  drawn.  According  to  the  law  just  stated,  the  refraction  must 
be  towards  the  perpendicular ;  in  the  direction  a  b',  for  example.  Let  the 
lines  a — «,  a' — a',  at  right  angles  to  the  per- 
pendicular, be  drawn,  and  their  length  com- 
pared by  means  of  a  scale  of  equal  parts,  and 
noted;  their  length  will  in  the  case  supposed 
be  in  the  proportion  of  3  to  2.  These  lines 
are  termed  the  mm*  of  the  angles  of  incidence 
and  refraction  respectively. 

£ow  let  another  ray  be  taken,  such  as  r; 
it  is  refracted  in  the  same  manner  to  r',  the 
bending  being  greater  from  the  increased 
obliquity  of  the  ray;  but  what  is  very  re- 
markable, if  the  sines  of  the  two  new  angles 
of  incidence  and  refraction  be  again  com- 
pared, they  will  still  be  found  to  bear  to  each 
other  the  proportion  of  3  to  2.     The  fact  is 

expressed  by  saying,  that  so  long  as  the  light  passes  from  one  to  the  other 
•f  the  same  two  media,  the*  ratio  of  the  tines  of  the  angle*  of  incidence  and  re- 
fraction i*  constant.     This  ratio  is  called  the  index  of  refraction. 

Different  bodies  possess  different  refractive  powers ;  generally  speaking, 
the  densest  substances  refract  most.  Combustible  bodies  have  been  noticed 
to  possess  greater  refractive  power  than  their  density  would  indicate,  and 
from  this  observation  Sir  I.  Newton  predicted  the  combustible  nature  of  the 
diamond  long  before  anything  was  known  respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparative  refractive  power  of 
different  bodies,  is  to  state  the  ratio  borne  by  the  sine  of  the  angle  of  inci- 
dence in  the  first  medium,  and  on  the  boundary  of  the  second,  to  the  sine 
of  the  angle  of  refraction  in  this  second  medium ;  this  is  called  the  index  of 
refraction  of  the  two  substances ;  it  is  greater  or  less  than  unity,  according 
as  the  second  medium  is  denser  or  rarer  than  the  first.  In  the  case  of  air 
and  plate  glass  the  index  of  refraction  is  1*5. 

When  the  index  of  refraction  of  any  particular  substance  is  once  known, 
the  effect  of  the  latter  upon  a  ray  of  light  entering  it  in  any  position  can  be 
calculated  by  the  law  of  sines.  The  following  table  exhibits  the  indices  of 
refraction  of  several  substances,  supposing  the  ray  to  pass  into  them  from 
the  air:  — 

8ubstance§.  Index  of  refraction. 

Garnet 1-80 

Glass,  with  much  oxide 

of  lead 1-90 

Zircon 200 

Phosphorus 2-20 

Diamond 2-50 

Chromate  of  lead  .     .     .  800 

Cinnabar    ....*.  8-20 


Index  of  refraction. 
Tabasheer*       ...     110 

Ice 1-30 

Water 1-34 

Fluorspar 1-40 

Plate  glass  ....  1*60 
Bock-crystal  .  .  .  .1-60 
Chrysolite  ....  1-69 
Bisulphide  of  carbon    .  1*70 


Fig.  65. 


When  a  lnminous  ray  enters  a  mass  of  substance 
differing  in  refractive  power  from  the  air,  and  whose 
surfaces  are  not  parallel,  it  becomes  permanently 
deflected  from  its  course  and  altered  in  its  direction. 
It  is  upon  this  principle  that  the  properties  of  prisms 
and  lenses  depend.  To  take  an  example.  —  Fig.  65 
represents  a  triangular  prism  of  glass,  upon  the 
«U  of  which  the  ray  of  light  a  may  be  supposed  to  fall.     This  ray  will 
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of  course  be  refracted,  on  entering  the  glan,  towards  a  lino  perpendicular 
to  the  first  surface,  and  again,  from  a  line  perpendicular  to  the  second  sur- 
face on  emerging  into  the  air.  The  result  is  the  deflect  on  a  c  m,  which  is 
equal  to  the  sum  of  the  two  deflections  which  the  ray  undergoes  in  passing 
through  the  prism. 

A  convex  lens  is  thus  enabled  to  converge  rajs  of  light  falling  upon  it,  and 
a  concave  lense  to  separate  them  more  widely ;  each  separate  part  of  the 
surface  of  the  lens  producing  its  own  independent  effect. 

The  light  of  the  sun  and  celestial  bodies  in  general,  as  well  as  that  of  the 
electric  spark  and  of  all  ordinary  flames,  is  of  a  compound  nature.  If  a  ray 
of  light  from  any  of  the  sources  mentioned  be  admitted  into  a  dark  room  by 
a  small  hole  in  a  shutter,  or  otherwise,  and  suffered  to  fall  upon  a  glass 
prism  in  the  manner  shown  in  fig.  66,  it  will  not  only  be  refracted  from  its 
straight  course,  but  will  be  decomposed  into  a  number  of  colored  rays, 
which  may  be  received  upon  a  white  screen  placed  behind  the  prism.  When 
solar  light  is  employed,  the  colors  are  extremely  brilliant,  and  spread  into 


an  oblong  space  of  considerable  length.  The  upper  part  of  this  image,  or 
tpecfrum,  will  be  violet  and  the  lower  red,  the  intermediate  portion,  com- 
mencing from  the  violet,  being  indigo,  blue,  green,  yellow,  and  orange,  all 
graduating  imperceptibly  into  each  other.  This  is  the  celebrated  experi- 
ment of  Sir  Isaac  Newton ;  from  it  he  drew  the  inference  that  white  light 
is  composed  of  seven  primitive  colors,  the  rays  of  which  are  differently  re- 
frangible by  the  same  medium,  and  hence  capable  of  being  thus  separated. 
The  violet  rays  are  most  refrangible,  and  the  red  rays  least.* 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally  disperse 
or  spread  out  the  differently  colored  rays  to  the  same  extent;  because  the 
principal  yellow  or  red  rays,  for  instance,  are  equally  refracted  by  two 
prisms  of  different  materials,  it  does  not  follow  that  the  blue  or  the  violet 
will  be  similarly  affected.  Hence,  prisms  of  different  varieties  of  glaMt  or 
other  transparent  substances,  give,  under  similar  circumstances,  very  dif- 
ferent spectra,  both  as  respects  the  length  of  the  image,  and  the  relative 
extent  of  the  colored  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature  of  the 
source  of  light:  the  investigation  of  these  differences,  however,  involves 
the  use  of  a  more  delicate  apparatus.  Fig.  67  shows  the  principle  of  such 
an  apparatus,  which  is  called  a  tptrtroteope.  The  light,  passing  through* 
fine  slit,  *,  impinges  upon  a  flint-glass  prism,  p,  by  which  it  is  dispersed. 
The  decomposed  light  emerges  from  the  prism  in  several  directions  between 
r  (red  rays)  and  v  (violet  rays) ;  and  the  spectrum  thus  produced  is  observed 

•  The  colon  of  natural  objects  are  supposed  to  remit  from  the  power  possessed  by  their 
surface*  of  alworbing  some  of  the  colored  rays,  while  they  reflect  or  transmit,  as  the  cas*m«y 
be,  the  remainder  of  the  rays.  Thns  an  object  appears  red  because  it  absorbs  or  causes  m 
disappear  the  yellow  and  Mae  rays  composing:  the  white  tight  by  which  it  is  illuminated. 
Any  color  which  remains  after  the  deduction  of  another  color  from  white  light,  is  said Ito  oe 
cnmplemtntarv  to  the  latter.  Complementary  colors,  wh«i  acting  simultaneously,  reproduce 
white  light.  Thus  in  the  example  already  quoted,  red  and  green  —  the  latter  resulting  from 
yellow  and  blue  — are  complementary  colors.  The  fact  of  complementary  colors  giving  n» 
to  white  light  may  be  readily  illustrated  by  mixing  In  appropriate  quantities  a  rose-red  solu- 
tion of  cobalt  and  green  solution  of  nickel ;  the  resulting  liquid  it  nearly  colorless. 
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by  the  telescope  t,  which  receives  only  part  of  it  at  once ;  but  the  several 
parts  may  be  readily  examined  by  turning  slightly  either  the  prism,  p9  or 
the  telescope,  t 


If  the  solar  spectrum  be  examined  in  this  manner,  numerous  dark  lines 
parallel  with  the  edge  of  the  prism  are  observed.  They  were  discovered 
in  1802  by  Dr.  Wollaston,  and  subsequently  more  minutely  investigated  by 
Frannhofer.  They  are  generally  known  as  Fraunhofer's  lines.  These  dark 
lines,  which  exist  in  great  numbers,  and  of  very  varying  strength,  are  ir- 
regularly distributed  over  the  whole  spectrum.  Some  of  them,  in  con- 
sequence of  their  peculiar  strength  and  their  mutual  position,  may  always 
be  easily  recognised ;  the  more  conspicuous  are  represented  in  fig.  68.  The 
same  dark  lines,  though  paler,  and  much  more  difficult  to  recognise,  are 
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observed  in  the  spectrum  of  planets  lighted  by  the  sun ;  for  instance,  in 
the  light  emanating  from  Venus.  On  the  other  hand,  the  dark  lines  ob- 
served in  the  spectra,  which  are  produced  by  the  light  emanating  from  fixed 
stars — from  8irius,  for  instance — differ  in  position  from  those  previously 
mentioned. 

Sources  of  light  which  contain  no  volatile  constituents — incandescent 
platinum  wire,  for  example — furnish  continuous  spectra,  exhibiting  no  such 
lines.  But  if  volatile  substances  be  present  in  the  source  of  light,  bright 
lines  are  observed  in  the  spectrum,  which  are  frequently  characteristic  of 
ta  volatile  substances. 

Professor  Plucker,  of  Bonn,  has  investigated  the  spectra  which  are  pro- 
duced by  the  electric  light  when  developed  in  very  rarefied  gases.  He 
found  the  bright  lines  and  the  dark  stripes  between  the  lines  varying  con- 
siderably with  different  gases.    When  the  electric  light  was  developed  in  a 
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mixture  of  two  gases,  the  spectrum  thus  obtained  exhibited  simultaneously 
the  peculiar  spectra  belonging  to  the  two  gases  of  which  the  mixture  con- 
sisted. When  the  experiment  was  made  in  gaseous  compounds  capable  of 
being  decomposed  by  the  electrical  current,  this  decomposition  was  indicated 
by  the  spectra  of  the  separated  constituents  becoming  perceptible. 

Many  years  ago  the  spectra  of  colored  flames  were  examined  by  Sir  John 
HerscheC  Fox  Talbot,  and  W.  A.  Miller.  Within  the  last  few  years  result* 
of  the  greatest  importance  hare  been  obtained  by  Kirchhoff  and  Bunsen, 


who  hare  investigated  the  spectra  furnished  by  the  incandescence  of  vola- 
tile substances:  these  researches  have  enriched  chemistry  with  a  new 
method  of  analysis, — the  analysis  by  spectrum  observations.  In  order  to 
recognise  one  of  the  metals  of  the  alkalies  or  of  the  alkaline  earths,  it  is 
generally  sufficient  to  introduce  a  minute  quantity  of  a  moderately  volatile 
compound  of  the  metal  on  the  loop  of  a  platinum  wire  into  the  edge  of  the 
very  hot,  but  scarcely  luminous  flame,  of  a  mixture  of  air  and  coal-gas,  and 
to  examine  the  spectrum  which  is  furnished  by  the  flame  containing  the 
vapor  of  the  metal  or  its  compound.  Fig.  69  exhibits  the  apparatus  which 
is  used  in  performing  experiments  of  this  description.  The  light  of  the 
flame  in  which  the  metallic  compound  is  evaporated  passes  through  the  fine 
slit  in  the  disc,  «,  into  a  tube,  the  opposite  end  of  which  is  provided  with  a 
convex  lens.  This  lens  collects  the  rays  diverging  from  the  slit,  and  throws 
them  parallel  upon  the  prism,  p.  The  light  is  decomposed  by  the  prism, 
and  the  spectrum  thus  obtained  is  observed  by  means  of  the  telescope,  which 
may  be  turned  round  the  axis  of  the  stand  carrying  the  prism.  Foreign 
light  is  excluded  by  an  appropriate  covering. 

The  limits  of  this  elementary  treatise  do  not  permit  us  to  describe  the 
ingenious  arrangements  which  have  been  contrived  for  sending  the  light 
from  different  sources  through  the  same  prism  at  different  heights,  whereby 
their  spectra,  the  solar  spectrum,  for  instance,  and  that  of  a  flame,  may  be 
placed  in  a  parallel  position,  the  one  above  the  other,  and  thus  be  compared.* 
The  spectra  of  flames  in  which  different  substances  are  volatilized  frequently 
exhibit  such  characteristically  distinct  phenomena,  that  they  may  be  used 
with  the  greatest  advantage  foY  the  discrimination  of  these  substances.  Thus 
the  spectrum  of  a  flame  containing  sodium  (Na)  exhibits  a  bright  line  on 

*  See  the  article  "  Spectral  Analysis,"  by  Prof.  Roacoe,  in  Watts's  Dictionary  or  Chemistry, 
Tol.  i. 
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the  yellow  portion,  the  spectrum  of  potassium  (K)  a  characteristic  bright 
line  at  the  extreme  limit  of  the  red,  and  another  at  the  opposite  violet  limit 
of  the  spectrum.  Lithium  (Li)  shows  a  bright  brilliant  line  in  the  red,  and 
a  paler  line  in  the  yellow  portion ;  strontium  (Sr)  a  bright  line  in  the  blue, 
one  in  the  orange,  and  six  less  distinct  ones  in  the  red  portion  of  the  spec- 
trum. The  diagram  (fig.  58)  exhibits  the  most  remarkable  of  the  dark 
lines  (Fraunhofer's  lines),  and  the  position  of  the  bright  lines  in  the 
spectra  of  flames  containing  the  vapors  of  compounds  of  the  several  metals 
enumerated. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but  unequal 
in  the  ease  of  different  metals.  The  presence  of  ™ tjfa tTnnr  grain  of  sodium 
in  the  flame  is  still  easily  recognizable  by  the  bright  yellow  line  in  the 
spectrum.  Lithium,  when  introduced  in  the  form  of  a  volatile  compound, 
imparts  to  the  flame  a  red  color;  but  this  coloration  is  no  longer  perceptible 
when  a  volatile  sodium  compound  is  simultaneously  present,  the  yellow 
coloration  of  the  flame  predominating  under  such  circumstances.  On  the 
other  hand,  when  a  mixture  of  one  part  of  lithium  and  1000  parts  of 
sodium  is  volatilized  in  a  flame,  the  spectrum  of  the  flame  exhibits,  together 
with  the  bright  yellow  sodium  line,  likewise  the  red  line  characteristic  of 
lithium.  The  observation  of  bright  lines  not  belonging  to  any  of  the  pre- 
viously known  bodies  has  led  to  the  discovery  of  new  elements.  Thus, 
Bunsen  and  Rirchhoff,  when  examining  the  spectrum  of  a  flame  in  which  a 
mixture  of  alkaline  salt  was  evaporated,  observed  some  bright  lines,  which 
could  not  be  attributed  to  any  of  the  known  elements,  and  were  thus  led  to 
the  discovery  of  the  two  new  metals,  caesium  and  rubidium.  By  the  same 
method  a  new  element,  thallium,  has  been  more  recently  discovered  by  Mr. 
Crookes. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals,  the 
electric  spark,  passing  between  two  points  of  the  metal  under  examination, 
may  be  conveniently  employed  as  a  source  of  light.  Small  quantities  of 
the  metal  are  invariably  volatilized ;  and  the  spectrum  developed  by  the 
electric  light  exhibits  the  bright  lines  characteristic  of  the  metal  employed. 
These  lines  were  observed  by  Wheatstone  as  early  as  1835.  This  method  of 
investigation  is  more  especially  applicable  to  the  examination  of  the  spectra 
of  the  heavy  metals. 

By  a  series  of  theoretical  considerations,  Professor  Kirchhoff  has  arrived 
at  the  conclusion  that  the  spectrum  of  an  incandescent  gas  is  reversed — t.  e., 
that  the  bright  lines  become  dark  lines,  if  there  be  behind  the  incandescent 
gas  a  very  luminous  source  of  light,  which  by  itself  furnishes  a  continuous 
spectrum.  Kirchhoff  and  Bunsen  have  fully  confirmed  this  conclusion  by 
experiment.  Thus  a  volatile  lithium  salt  produces,  as  just  pointed  out,  a 
very  distinct  bright  line  in  the  red  portion  of  the  spectrum ;  but  if  bright 
sunlight,  or  the  light  emitted  by  a  solid  body  heated  to  the  most  powerful 
incandescence,  be  allowed  to  fall  through  the  flame  upon  the  prism,  the 
ipectrum  exhibits,  in  the  place  of  this  bright  line,  a  black  line  similar  in 
every  respect  to  Fraunhofer's  lines  in  the  solar  spectrum.  In  like  manner 
the  bright  strontium  line  is  reversed  into  a  dark  line.  Kirchhoff  and  Bunsen 
have  expressed  the  opinion  that  all  the  Fraunhofer  lines  in  the  solar  spec- 
trum are  bright  lines  thus  reversed.  In  their  conception,  the  sun  is  sur- 
rounded by  a  luminous  atmosphere,  containing  a  certain  number  of  volatilized 
substances,  which  would  give  rise  in  the  spectrum  to  certain  bright  lines, 
if  the  light  of  the  solar  atmosphere  alone  could  reach  the  prism ;  but  the 
intense  light  of  the  powerful  incandescent  body  of  the  sun  which  passes 
through  the  solar  atmosphere,  causes  these  bright  lines  to  be  reversed,  and 
to  appear  as  dark  lines  on  the  ordinary  solar  spectrum.  Kirchhoff  and 
Ban*en  have  thus  been  enabled  to  attempt  the  investigation  of  the  chemical 
constituents  of  the  solar  atmosphere,  by  ascertaining  the  elements  which, 
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when  in  the  state  of  incandescent  vapor,  develop  bright  spectral  lines,  co- 
inciding with  Fraunhofer's  lines  in  the  solar  spectrum.  Fraunhofer's  line 
D  (fig.  58)  coincides  most  accurately  with  the  bright  spectral  line  of  sodium, 
and  may  be  artificially  produced  by  reversing  the  latter;  sodium  would  thus 
appear  to  be  a  constituent  of  the  solar  atmosphere.  Kirchhoff  has  proved, 
moreover,  that  sixty  bright  lines  perceptible  in  the  spectrum  of  iron  cor- 
respond, bofh  as  to  position  and  distinction,  most  exactly  with  the  same 
number  of  dark  lines  in  the  solar  spectrum ;  and,  accordingly,  he  believes 
iron,  in  the  state  of  vapor,  to  be  present  in  the  solar  atmosphere.  In  a 
similar  manner  this  physicist  has  endeavored  to  establish  the  presence  of 
several  other  elements  in  the  solar  atmosphere. 

Absorption  Spectra, —  The  relative  quantities  of  the  several  colored  rays 
absorbed  by  a  colored  medium  of  given  thickness  may  be  observed  by  view- 
ing a  line  of  light  through  a  prism  and  the  colored  medium ;  the  spectrum 
will  then  be  seen  to  be  diminished  in  brightness  in  some  parts,  and  perhaps 
cut  off  altogether  in  others.  This  mode  of  observation  is  often  of  great  use 
in  chemical  analysis,  as  many  colored  substances  when  thus  examined  afford 
very  characteristic  spectra,  the  peculiarities  of  which  may  often  be  dis- 
tinguished, even  though  the  solution  of  the  substance  under  examination 
contains  a  sufficient  amount  of  colored  impurities  to  change  its  color  very 
considerably.  The  following  method  of  making  the  observation  is  given  by 
Professor  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of 
60°,  and  just  large  enough  to  cover  the  eye  comfortably.  The  top  and 
bottom  should  be  flat,  for  convenience  of  holding  the  prism  between  the 
thumb  and  fore-finger,  and  laying  it  down  on  a  table,  so  as  not  to  scratch 
or  soil  the  faces.  A  fine  line  of  light  is  obtained  by  making  a  vertical  slit 
in  a  board  six  inches  square,  or  a  little  longer  in  a  horizontal  direction,  and 
adapting  to  the  aperture  two  pieces  of  thin  metal.  One  of  the  metal  pieces 
is  movable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the  fiftieth 
of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous  flame, 
the  slit  being,  we  will  suppose,  in  a  vertical  direction,  and  viewing  the  line 
of  light  thus  formed  through  the  prism  held  close  to  the  eye,  with  its  edge 
vertical,  a  pure  spectrum  is  obtained  at  a  proper  azimuth  of  the  prism. 
Turning  the  prism  round  its  axis  alters  the  focus,  and  the  proper  focus  is 
got  by  trial.  The  whole  of  the  spectrum  is  not,  indeed,  in  perfect  focus  at 
once,  so  that  in  scrutinising  one  part  after  another  it  is  requisite  to  turn 
the  prism  a  little.  When  daylight  is  used,  the  spectrum  is  known  to  be 
pure  by  its  showing  the  principal  fixed  lines;  in  other  cases  the  focus  is  got 
by  the  condition  of  seeing  distinctly  the  other  objects,  whatever  they  may 
be,  which  are  presented  in  the  spectrum.  To  observe  the  absorption-spec- 
trum of  a  liquid,  an  elastic  band  is  put  round  the  board  near  the  top,  and  a 
test-tube  containing  the  liquid  is  slipped  under  the  band,  which  holds  it  in 
its  place  behind  the  slit.  The  spectrum  is  then  observed  just  as  before,  the 
test-tube  being  turned  from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different  degrees  of 
strength  must  be  used  in  succession,  beginning  with  a  strength  which 
does  not  render  any  part  of  the  spectrum  absolutely  black,  unless  it  be  one 
or  more  very  narrow  bands,  as  otherwise  the  most  distinctive  features  of 
the  absorption  might  be  missed.  If  the  solution  be  contained  in  a  wedge- 
shaped  vessel  instead  of  a  test-tube,  the  progress  of  the  absorption  may  be 
watched  in  a  continuous  manner  by  sliding  the  vessel  before  the  eye.  Some 
observers  prefer  using  a  wedge-shaped  vessel  in  combination  with  the  slit, 
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the  slit  being  perpendicular  to  the  edge  of  the  wedge.  In  this  case  each 
element  of  the  slit  forms  an  elementary  spectrum  corresponding  to  a  thick- 
■ess  of  the  solution  which  increases  in  a  continuous  manner  from  the  edge 
of  the  wedge,  where  it  vanishes.  This  is  the  mode  of  observation  adopted 
bj  Gladstone.1* 

Fig.  60  represents  the  effect  produced  in  this  way  by  a  solution  of 
chromic  chloride,  and  fig.  61  that  produced  by  a  solution  of  potassium 
permanganate. 
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The  right-hand  side  of  these  figures  corresponds  with  the  red  end  of  the 
spectrum ;  the  letters  refer  to  Fraunhofer's  lines.  The  lower  part  of  each 
figure  shows  the  pure  spectrum  seen  through  the  thinnest  part  of  the  wedge ; 
and  the  progress  of  the  absorption,  as  the  thickness  of  the  liquid  increases, 
is  seen  by  the  gradual  obliteration  of  the  spectrum  towards  the  upper  part 
of  the  figures. 

Fluorescence. — An  examination  into  a  peculiar  mode  of  analysis  of  light, 
discovered  by  Sir  John  Herschel,  in  a  solution  of  quinine  sulphate,  has 
within  the  last  few  years  led  to  the  discovery  of  a  most  remarkable  fact. 
Mr.  Stokes  has  observed  that  light  of  certain  refrangibility  and  color  is 
capable  of  experiencing  a  peculiar  influence  in  being  dispersed  by  certain 
media,  and  of  undergoing  thereby  an  alteration  of  its  refrangibility  and  color. 
This  curious  change,  called  fluorescence,  can  be  produced  by  a  great  number 
of  bodies,  both  liquid  and  solid,  transparent  and  opaque.  Frequently  the 
change  affects  only  the  extreme  limits ;  at  other  times  larger  portions,  and 
in  a  few  cases  even  the  whole,  or,  at  all  events,  the  major  part  of  the  spec- 
trum. A  dilute  solution  of  quinine  sulphate,  for  instance,  changes  the 
violet  and  the  dark-blue  light  to  sky-blue ;  by  a  decoction  of  madder  in  a 
solution  of  alum  all  rays  of  higher  refrangibility  than  yellow  are  converted 
into  yellow ;  by  an  alcoholic  solution  of  the  coloring  matter  of  leaves  all  the 
rays  of  the  spectrum  become  red.  In  all  cases  in  which  this  peculiar  phe- 
nomenon presented  itself  in  a  greater  or  less  degree,  Mr.  Stokes  observed 
that  it  consisted  in  a  diminution  of  the  refrangibility.  Thus,  rays  of  so 
high  a  degree  of  refrangibility,  that  they  extend  far  beyond  the  extreme 
limits  of  the  spectrum  visible  under  ordinary  circumstances,  may  be  ren- 
dered luminous,  and  converted  into  blue  and  even  red  light. 

Double  Refraction  and  Polarization.  —  A  ray  of  common  light  made 
to  pass  through  certain  crystals  of  a  particular  order  is  found  to  undergo  a 
▼ery  remarkable  change.     It  becomes  split  or  divided  into  two  rays,  one  of 
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stiUm  *if«»f,  Jo  fhi«  peculiar  Mii::xt.  aai  Vj  em.;  :Vax  a  teres  af 
similar  plate*  LV.i  paraZLt:  t:  tz*  trsL  iia*  dssju  amy 
be  greatly  increaMri:  a  t«x£>  af  ITUtm  «r  twenty 
n-ueh  pUtes  may  be  n**d  mx  great  otarresiea**  far  the 
•tin  ritnent.  It  is  to  be  rrnr  ■  rked.  ai**.  that  th*  fight 
polarized  bj  tranemi"io*  is  tzds  ■nwr  is  in  sob  aff  a 
»U#  state  to  that  polarized  bj  reCerziam:  t&at  is.  when 
examined  bj  a  second  or  e*c.*zz*f  r  late  head  at  the 
angle  before  mentioned,  it  will  be  see*  to  W  reflected 
when  the  other  in  transmuted,  and  to  be  iii.au  aid  vkea 
the  flmt  ie  reflected. 

It  in  not  every  eabatanee  whiek  is  caamble  of  poiar- 
izing  li^ht  in  this  manner;  glass* 
other  hotiie*  bring  about  the  change  in  qn 
having  a  particular  polarizing  angle  at  wniea  tbe  effect 
i«  greateMt.  The  metals  also  can,  by  it  flection,  polarise 
fthn  "Rlit,  but  thi»y  <Jo  so  very  imperfectly.  The  two  rays  into  which  a 
potici!  of  common  light  divides  itself  in  parsing  through  a  doubly  refracting 
crystal  are  fouwi  on  examination  to  be  polarized  in  a  very  complete  anasuaer, 
and  also  transversely,  the  one  being  capable  of  reflection  when  the  ether 
vanishes  or  Is  transmitted.  The  two  rays  are  said  to  be  polarized  in  op- 
posite directions.  With  a  rhomb  of  transparent  Iceland  spar  of  tolerably 
large  dim  sun  ions,  the  two  oppositely  polarized  rays  may  be  widely  separated 
and  examined  apart. 

Certain  doubly  refracting  crystals  absorb  the  one  of  these  ray*  but  not 
the  other.  Through  a  pinte  of  such  a  crystal  one  ray  passes  and  becomes 
entirely  polarized;  the  other,  which  is  likewise  polarized,  bat  in  another 
plane,  is  removed  by  absorption.  The  best  known  of  these  media  is  tour- 
maline. When  two  plates  of  this  mineral,  cut  parallel  to  the  axis  of  the 
«rystalf  are  held  with  their  axes  parallel,  as  in  fig.  63,  light  traverses  them 
both  freely;  but  when  one  of  them  is  turned  round  in  the  manner  shown  in 
ng.  04,  so  as  to  make  the  axes  cross  at  right  angles,  the  light  is  almost 
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wholly  stopped,  if  the  tourmalines  are  good.  A  plate  of  the  mineral  thus 
becomes  an  excellent  test  for  discriminating  between  polarized  light  and 
that  which  has  not  undergone  the  change. 

Some  of  the  most  splendid  phenomena  of  the  science  of  light  are  ex- 
hibited when  thin  plates  of  doubly  refracting  substances  are  interposed 
between  the  polarizing  arrangement  and  the  analyzer. 

Instead  of  the  tourmaline  plate,  which  is  always  colored,  frequent  use  is 
made  of  two  Nichols  prisms,  or  conjoined  prisms  of  calcium  carbonate, 
which,  in  consequence  of  a  peculiar  cutting  and  combination,  possess  the 
property  of  allowing  only  one  of  the  oppositely  polarized  rays  to  pass.  A 
more  advantageous  method  of  cutting  and  combining  prisms  has  been  given 
by  M.  Foucaull.  His  prisms  are  as  serviceable  as  and  less  expensive  than 
those  of  NichoL  If  two  Nichol's  or  Foucault's  prisms  be  placed  one  behind 
the  other  in  precisely  similar  positions,  the  light  polarized  by  the  one  goes 
through  the  other  unaltered.  But  when  one  prism  is  slightly  turned  round 
in  its  setting,  a  cloudiness  is  produced ;  and  by  continuing  to  turn  the  prism, 
this  increases  until  perfect  darkness  ensues.  This  happens,  as  with  the  tour- 
maline plates,  when  the  two  prisms  cross  one  another.  The  phenomenon 
is  the  same  with  colorless  as  with  colored  light. 

Ciiiculae  Polarization. — Supposing  that  polarized  light,  colored,  for  ex- 
ample, by  going  through  a  plate  of  red  glass,  has  passed  through  the  first 
Nickel's  prism,  and  been  altogether  obstructed  in  consequence  of  the  posi- 
tion of  the  second  prism,  then,  if  between  the  two  prisms  a  plate  of  rock- 
crystal  formed  by  a  section  at  right  angles  to  the  principal  axis  of  the  crystal, 
be  interposed,  the  light  polarized  by  the  first  prism  will,  by  passing  through 
the  plate  of  quartz,  be  enabled  partially  to  pass  through  the  second  Nichol's 
prism.  Its  passage  through  the  second  prism  can  then  again  be  interrupted 
by  turning  the  second  prism  round  to  a  certain  extent.  The  rotation  re- 
quired varies  with  the  thickness  of  the  plate  of  rock-crystal,  and  also  with 
the  color  of  the  light  employed.  It  increases  from  red  in  the  following 
order — yellow,  green,  blue,  violet. 

This  property  of  rock-crystal  was  discovered  by  Arago.  The  kind  of 
polarization  has  been  called  circular  polarization.  The  direction  of  the 
rotation  is  with  many  plates  towards  the  right  hand ;  in  other  plates  it  is 
towards  the  left.  The  one  class  is  said  to  possess  right-handed  polarization, 
the  other  class  left-handed  polarization.  For  a  long  time  quartz  was  the 
only  solid  body  known  to  exhibit  circular  polarization.  Others  have  since 
Veen  found  which  possess  this  property  in  a  far  higher  degree.  Thus,  a 
plate  of  cinnabar  acts  fifteen  times  more  powerfully  than  a  plate  of  quartz 
of  equal  thickness. 

Biot  observed  that  many  solutions  of  organic  substances  exhibit  the 
property  of  circular  polarization,  though  to  a  far  less  extent  than  rock- 
crystal.  Thus,  solutions  of  cane-sugar,  glucose,  and  tartaric  acid,  possess 
right-handed  polarization;  whilst  albumen,  uncrystallizable  sugar,  and  oil 
of  turpentine,  are  left-handed.  In  all  these' solutions  the  amount  of  circular 
polarization  increases  with  the  concentration  of  the  liquid  and  the  thickness 
of  the  column  through  which  the  light  passes.  Hence  circular  polarization 
U  an  important  auxiliary  in  chemical  analysis.  In  order  to  determine  the 
troount  of  polarization  which  any  liquid  exhibits,  it  is  put  into  a  glass  tube 
not  less  than  from  ten  to  twelve  inches  long,  which  is  closed  with  glass 
plates.  This  is  then  placed  between  the  two  Nichol's  prisms,  which  have 
previously  been  so  arranged  with  regard  to  each  other  that  no  light  could 
pass  through.  An  apparatus  of  this  description,  the  saccharimeter,  is  used 
for  determining  the  concentration  of  solutions  of  cane-sugar. 

The  form  of  this  instrument  may  be  seen  in  fig.  65.  The  two  Nichol's 
prisms  are  enclosed  in  the  corresponding  fastenings  a  and  6.  Between  the 
tiro  there  is  a  space  to  receive  the  tube,  which  is  filled  with  the  solution  of 


*4 


UG«~ 


pnrmr.     If  the  prima*  ar*  ciuiil  a  the  www  am  BMa*iea*d  before  tie 

ti.t*  »  |tui  m  n*  j>iace.  tint  a.  if  tbey  are  passed  at  tint  ae  fight  panes 

tb«-m.  ti««-b  by  tlit  actum  of  the  «ohitMa  of  sagar  the  fight  is  enabled  to 

t**»*.  and  toe  >irbu!  »  jmam.  c  asms  to  tamed  threagh  a  certain  angle 

Lrfure  tbe  Lrtii  i*  a^axi.  perfeciiy  ictwed.     Tto  aasgniiade  of  this  angle  is 

ob+rm-d  on  ibe  circular  dif*  #  c  wljrt  »  Cnai4  lata  degrees,  aad  apon 

vticb.  »-j  tbe  torx»:xir.  c»f  tbe  prism,  as  index  t »  swud  along  the  drristoa. 

*»  bea  ibe  tube  t»  exaciir  tex>  mcac*  long  and  is  cassed  at  bath  ends  by  fiat 

gUf«  j»Ute%,  and  when  n  L«  fc^ed  ir.t  fu  :L*ion  otattaiaing  10  per  cent,  by 

vrjjrbt  of  cane-pup»r,  and  free  from  asy  ortaer  fatastaace  possessing  aa  se~ 

tion  on  hrbt,  ibe  ancle  of  rouDot  is  li"  f-?«.     S=nee  the  atagaitode  of  this 

angle  stand*  in  direct  relation  to  the  length  of  the  iilaaia  of  liquid  aad 

a!*o  to  tbe  quantity  of  ra^ar  ia  nohnion.  n  is  clear  that  the  qaantitr  of 

sujear  in  any  f^xrn  total  ion.  vbea  tbe  length  «f  the  eohoan  of  liquid  is  I 

ia'.bes,  aad  ibe  at  pie  of  rotation  is  m  degrees,  caa  be  deternuned  by  the 

•    X    I 
equation  s  =  -.     --. 

T»/i»  pro*-***  i,  m  poJE^e^i  ^^^  ^  aolatioa  contains  caae-togar  and 
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the  %nmtttf  darkness  prevails.  To  make  the  measurements  more  exact  and 
ea§v,  Soleil  has  made  some  additions  to  the  apparatus.  At  «,  before  the 
prism  A,  a  plate  of  rock-crystal  cut  at  right  angles  to  the  axis  is  placed. 
It  is  divided  in  the  centre  of  the  field  of  vision,  half  consisting  of  quarts 
rotating  to  the  right  hand,  and  half  of  the  variety  which  rotates  to  the  left ; 
it  is  0-148  inch  (3*75  millimetre)  thick,  this  thickness  being  found  by  ex- 
periment to  produce  the  greatest  difference  in  the  color  of  the  two  halves, 
when  one  prism  is  slightly  rotated.  The  solution  of  sugar  has  precisely  the 
nunc  action  on  the  rotation,  since  it  increases  the  action  of  the  half  which 
has  a  right-handed  rotation,  and  lessens  the  action  of  the  half  which  rotates 
to  the  left  Hence  the  two  halves  will  assume  a  different  color  when  the 
RsaDest  quantity  of  sugar  is  present  in  the  liquid.  By  slightly  turning  the 
SiehoVs  prism  *,  this  difference  can  be  again  removed.  Soleil  has  intro- 
duced another  more  delicate  means  of  effecting  this  at  the  part  />,  which  he 
alb  the  compensator.  The  most  important  parts  of  this  are  separately 
represented  in  fig.  65.  It  consists  of  two  exactly  equal  right-angled  prisms, 
of  left-handed  quarts,  whose  surfaces,  c7  and  r,  are  cut  perpendicular  to  the 
optic  axis.  These  prisms  can,  by  means  of  the  screw  v  and  a  rack  and 
pinion,  be  made  to  slide  on  one  another,  so  that,  when  taken  together,  they 
form  a  plate  of  varying  thickness,  bounded  by  parallel  surfaces.  One  of 
the  frames  has  a  scale  py  the  other  a  vernier  n.  When  this  points  to  aero 
of  the  scale,  the  optical  action  of  the  two  prisms  is  exactly  compensated  by 
a  right-handed  plate  of  rock-crystal,  bo  that  an  effect  is  obtained  as  regards 
circular  polarization,  as  if  the  whole  system  were  not  present.  As  *oon, 
however,  as  the  screw  is  moved,  and  thus  the  thickness  of  the  plate  formed 
by  the  two  prisms  is  changed  (we  will  suppose  it  increased),  then  a  left- 
handed  action  ensues,  which  must  be  properly  regulated,  until  it  compen- 
sates the  opposite  action  of  a  solution  of  sugar.  Thus  a  convenient  method 
is  obtained  of  rendering  the  color  of  the  double  plate  uniform,  when  it  has 
ceased  to  be  so  by  the  action  of  the  sugar. 

Faraday  has  made  the  remarkable  discovery  that,  if  a  very  strong  electrio 
current  be  passed  round  a  substance  which  possesses  the  property  of  circular 
polariiation,  the  amount  of  rotation  is  altered  to  a  considerable  degree. 

HtAmo  ajtd  Cbbmical  Rats  or  thb  Solar  Spectrum. — The  luminous 
rajs  of  the  sun  are  accompanied,  as  already  mentioned,  by  others  which 
possess  heating  powers.  If  the  temperature  of  the  different-colored  spaces 
is  the  spectrum  be  tried  with  a  delicate  thermometer,  it  will  be  found  to  in- 
crease from  the  violet  to  the  red  extremity,  and  when  the  prism  is  of  Borne 
particular  kinds  of  glass,  the  greatest  effect  will  be  manifested  a  little  beyond 
the  visible  red  rays.  The  position  of  the  greatest  heating  effect  in  the 
spectrum  materially  depends  on  the  absorptive  nature  of  the  glass.  Trans- 
parent though  this  medium  is  to  the  rays  of  light,  it  nevertheless  absorbs  a 
considerable  quantity  of  the  heat  rays.  Transparent  rock-salt  is  almost 
without  absorptive  action  on  the  thermal  rays.  In  the  spectrum  obtained 
by  passing  the  solar  rays  through  prisms  of  rock-salt,  the  greatest  thermal 
effect  is  found  at  a  position  far  beyond  the  last  visible  red  rays.  It  is  in- 
ferred from  this  that  the  chief  mass  of  the  heating  rays  of  the  sun  are 
among  the  least  refrangible  components  of  the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of  combination 
ud  of  decomposition,  but  more  particularly  the  latter,  can  be  effected  by 
the  action  of  light.  Chlorine  and  hydrogen  combine  at  common  tempera- 
tares  only  under  the  influence  of  light ;  and  parallel  cases  occur  in  great 
numbers  in  organic  chemistry.  The  blackening  and  decomposition  of  silver 
»U*  are  familiar  instances  of  the  chemical  powers  of  the  same  agent.  Now, 
it  it  not  always  the  luminous  part  of  the  ray  which  effects  these  changes ; 
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they  are  chiefly  produced  by  certain  invisible  rays,  which  accompany  the 
others,  and  are  found  most  abundantly  beyond  the  violet  part  of  the  spec- 
trum. It  is  there  that  certain  chemical  effects  are  most  marked,  although 
the  intensity  of  the  light  is  exceedingly  feeble.  From  the  fact  that  some 
salts  of  silver  are  less  readily  decomposed  by  the  luminous — yellow, 
orange,  and  red  rays  —  than  by  certain  rays  which  extend  -beyond  the  or- 
dinary visible  spectrum,  it  has  been  concluded  that  there  exists  in  the  sun- 
beam, in  addition  to  heat  and  light,  a  principle  having  a  distinct  action,  to 
which  the  provisional  term  actinism  has  been  given — from  icrfc,  a  ray.  The 
actinic  rays  are  thus  directly  opposed  to  the  heating  rays  in  the  common 
spectrum  in  their  degree  of  refrangibility,  since  they  exceed  all  the  others 
in  this  respect.  The  luminous  rays,  too,  under  peculiar  conditions,  exert 
decomposing  powers  upon  silver  salts.  The  result  of  the  action  of  any  ray 
depends,  moreover,  greatly  on  the  physical  state  of  the  surface  upon  which 
it  falls,  and  on  the  chemical  constitution  of  the  body ;  indeed,  for  every 
kind  of  ray  a  substance  may  be  found  which  under  particular  circumstances 
will  be  affected  by  it ;  and  thus  it  appears  that  the  chemical  functions  are 
by  no  means  confined  to  any  set  of  rays  to  the  exclusion  of  the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of  photo- 
graphy. In  the  year  1802,  Mr.  Thomas  Wedgwood  proposed  a  method  of 
copying  paintings  on  glass  by  placing  behind  them  white  paper  or  leather 
moistened  with  a  solution  of  silver  nitrate,  which  became  decomposed  and 
blackened  by  the  transmitted  light  in  proportion  to  the  intensity  of  the 
latter ;  and  Davy,  in  repeating  these  experiments,  found  that  he  could  thus 
obtain  tolerably  accurate  representations  of  objects  of  a  texture  partly 
opaque  and  partly  transparent,  such  as  leaves  and  the  wings  of  insects, 
nnd  even  copy  with  a  certain  degree  of  success  the  images  of  small  objects 
obtained  by  the  solar  microscope.  These  pictures,  however,  required  to 
be  kept  in  the  dark,  and  could  only  be  examined  by  candle-light,  otherwise 
they  became  obliterated  by  the  blackening  of  the  whole  surface  from  which 
the  salt  of  silver  could  not  be  removed  These  attempts  at  light-painting 
attracted  but  little  notice  till  the  publication  of  Mr.  Fox  Talbot's  papers, 
read  before  the  Royal  Society,  in  January  and  ^February,  1889,  in  which 
he  detailed  two  methods  of  fixing  the  pictures  produced  by  the  action  of 
light  on  paper  impregnated  with  silver  chloride,  and  at  the  same  time  de- 
scribed a  plan  by  which  the  sensibility  of  the  prepared  paper  may  be  in- 
creased to  the  extent  required  for  receiving  impressions  from  the  images 
of  the  camera  obscura. 

Very  shortly  afterwards,  Sir  John  Herschel  proposed  to  employ  solutions 
of  the  alkaline  hyposulphites  for  removing  the  excess  of  silver  chloride 
from  the  paper,  and  thus  preventing  the  further  action  of  light;  and  this 
plan  has  been  found  exceedingly  successful.  The  greatest  improvement, 
however,  which  the  curious  art  of  photogenic  drawing  has  received,  is  due 
to  Mr.  Talbot,  who,  in  a  communication  to  the  Royal  Society,  described 
a  method  by  which  paper  of  such  sensibility  could  be  prepared  as  to  per- 
mit its  application  to  the  taking  of  portraits  of  living  persons  by  the  aid 
of  a  good  camera  obscura,  the  time  required  for  a  perfect  impression 
seldom  exceeding  a  few  seconds.  The  plan  at  present  in  use  is  the 
following: 

Writing-paper  of  good  quality  is  washed  on  one  side  with  a  solution  of 
thirty  grains  of  silver  nitrate  in  one  ounce  of  distilled  water,  and  then  left 
to  dry  spontaneously  in  a  dark  room ;  when  dry,  it  is  immersed  for  from 
five  to  ten  minutes  in  a  solution  of  one  ounce  of  potassium  iodide  in  twenty 
ounces  of  water.  The  paper  is  then  soaked  in  water  for  half  an  hour, 
changing  the  water  three  or  four  times  to  remove  the  excess  of  potassium 
iodide,  and  is  then  dried.  These  operations  should  be  performed  by  candle- 
light.    When  required  for  use,  the  paper,  thus  coated  with  yellow  silver 
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iodide,  is  brushed  over  with  a  solution  made  by  adding  together  one  part 
of  a  solution  of  silver  nitrate,  fifty  grains  to  one  ounce  of  water;  two 
parts  glacial  acetic  acid,  and  three  parts  of  a  saturated  solution  of  gallic 
acid;  after  a  few  seconds  the  excess  is  removed  by  blotting-paper.  This, 
which  is  called  Talbolype  or  Calotypt  paper,  is  now  ready  for  use;  exposure 
to  diffused  daylight  for  one  second  suffices  to  make  an  impression  upon  it, 
and  even  the  light  of  the  moon  produces  the  same  effect,  although  a  much 
longer  time  is  required.  For  landscapes  and  fixed  objects,  and  when  tho 
paper  is  required  to  be  prepared  long  beforehand,  the  above. mixture  of 
"gaUo-nitrate"  should  be  diluted  with  from  twenty  to  fifty  volumes  of 
water,  since,  especially  in  hot  weather,  without  this  precaution  the  paper 
blackens  spontaneously. 

The  images  of  the  camera  obscura  are  at  first  invisible,  but  are  made  to 
appear  in  full  intensity,  by  once  more  washing  the  paper  with  a  mixture 
of  one  part  of  the  silver  solution  (fifty  grains  to  an  ounce  of  water)  and 
four  parts  of  the  saturated  solution  of  gallic  acid.  The  image  soon  appears, 
and  should  be  fully  developed  in  a  few  minutes. 

The  picture  is  of  course  negative,  the  lights  and  shadows  being  reversed ; 
to  obtain  positive  copies,  nothing  more  is  necessary  than  to  place  a  piece  of 
photographic  paper  prepared  with  silver  chloride,  or  a  piece  of  talbotype 
paper,  beneath  the  negative  cover,  to  press  the  two  papers  in  contact  by 
means  of  a  glass,  and  to  expose  the  whole  to  the  light  of  the  sun  for  a 
short  time,  or  longer  to  diffused  daylight. 

Before  this  can  be  done,  the  negative  must,  however,  be  fixed,  otherwise 
it  will  blacken:  this  is  done  temporarily  by  washing  with  a  solution  of 
potassium  bromide,  ten  grains  in  an  ounce  of  water,  and  then "  rinsing  in 
common  water.  The  ultimate  fixing  is  effected  by  immersion  in  a  solution 
of  one  part  of  sodium  hyposulphite,  in  from  four  to  ten  parts  of  water: 
the  weaker  solution  should  be  used  hot,  about  82°  C.  {180°  F.),  and  the 
immersion  continued  until  the  yellow  tint  arising  from  the  undecomposed 
iodide  disappears:  finally,  repeatedly  washing  in  hot  water,  drying,  and 
saturating  with  white  wax,  terminates  the  process. 

The  positives  are  also  fixed  by  sodium  hyposulphite,  by  potassium  cyanide, 
or  by  ammonia;  all  of  which  act  by  removing  the  undecomposed  silver 
chloride.  The  conservation  of  the  positive  is  a  point  of  difficulty.  Mr. 
Malone  recommends  immersion  in  a  strong  solution  of  caustic  potassa, 
heated  to  about  82°  C. ;  a  change  of  tint  ensues,  and  greater  permanence  is 
acquired.  After  removal  of  the  alkali  and  any  sulphur  and  chlorine  com- 
pounds present,  the  picture  should  be  sized  and  hot-pressed,  or  varnished, 
keeping  the  finished  proof  most  carefully  excluded  from  sulphuretted 
vapors. 

Sir  John  Herschel  has  shown  that  a  great  number  of  other  substances  can 
be  employed  in  these  photographic  processes  by  taking  advantage  of  the 
singular  deoxidizing  effects  of  certain  portions  of  the  solar  rays.  Paper 
washed  with  a  solution  of  ferric  salt  becomes  capable  of  receiving  impres- 
sions of  this  kind,  which  may  afterwards  be  made  evident  by  potassium  fer- 
ricyanide,  or  gold  chloride.  Vegetable  colors  are  also  acted  upon  in  a  very  cu- 
rious and  apparently  definite  manner  by  the  different  parts  of  the  spectrum. 

The  daguerreotype,  the  announcement  of  which  was  first  made  in  the 
summer  of  1839,  by  M.  Daguerre,  who  had  been  occupied  with  this  subject 
from  1826,  if  not  earlier,  is  another  remarkable  instance  of  the  decomposing 
effects  of  the  solar  rays.  A  clean  and  highly  polished  plate  of  silvered 
copper  is  exposed  for  a  certain  period  to  the  vapor  of  iodine,  and  then 
transported  to  the  camera  obscura.  In  the  most  improved  state  of  the  pro- 
cess, a  very  short  time  suffices  for  effecting  the  necessary  change  in  the 
film  of  silver  iodide.  The  picture,  however,  only  becomes  visible  by  expos- 
ing it  to  the  vapor  of  meroury,  which  attaches  itself,  in  tho  form  of  exceed^ 
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ingly  minute  globules,  to  those  parts  which  have  been  most  acted  upon,  that 
is  to  say,  to  the  lights,  the  shadows  being  formed  by  the  dark  polish  of  tbo 
metallic  plate.  Lastly,  the  drawing  is  washed  with  sodium  hyposulphite, 
to  remove  the  undecomposed  silver  iodide  and  render  it  permanent. 

The  images  of  objects  thus  produced  bear  the  most  minute  examination 
with  a  magnifying  glass,  the  smallest  details  being  depicted  with  perfect 
fidelity. 

Great  improvements  have  been  necessarily  made  in  the  application  of 
this  beautiful  art  to  taking  portraits.  By  the  joint  use  of  bromine  and 
iodine  the  plates  are  rendered  far  more  sensitive,  and  the  time  of  sitting  is 
shortened  to  a  very  few  seconds.  In  fact,  the  sensitiveness  of  the  photo- 
graphic plate  has  been  so  increased,  that  excellently  defined  pictures  of 
objects  in  rapid  motion,  horses  jumping,  ships  sailing,  &c,  have  been  ob- 
tained. When  the  operation  is  completed,  the  color  of  the  plate  is  much 
improved  by  the  deposition  of  an  exceedingly  thin  film  of  gold,  which  com- 
municates a  warm  purplish  tint,  and  removes  the  previous  dull  leaden-gray 
hue,  to  most  persons  very  offensive. 

The  difficulty  of  obtaining  good  paper  for  the  talbotype  has  led  to  the  in- 
vention of  various  substitutes:  albumen  on  glass  and  collodion  are  used  with 
success;  a  soluble  iodide,  or  some  analogous  salt,  is  mixed  with  either 
liquid,  and  the  mixture  applied  to  a  glass  or  porcelain  plate,  dried,  and  im- 
mersed in  a  solution  of  silver  nitrate ;  thus  a  sensitive  coating  is  formed, 
upon  which  the  images  of  the  camera  or  microscope  are  thrown,  and  de- 
veloped by  subsequent  treatment  with  deoxidizing  agents,  —  either  pyro- 
gallio  acid,  gallic  acid,  or  a  ferrous  salt  may  be  used.  The  fixing  is  accom- 
plished by  sodium  hyposulphite.  The  result  is  either  negative  or  positive 
at  the  will  of  the  operator.  The  proofs  on  porcelain  or  glass  may  be  burned 
in,  and  perhaps  thus  rendered  indestructible  by  time. 

Etching  and  lithographic  processes,  by  combined  chemical  and  photo- 
graphic agency,  promise  to  be  of  considerable  utility.  The  earliest  is  that 
of  Niepce :  he  applied  a  bituminous  coating  to  a  metal  plate,  upon  which  an 
engraving  was  superimposed.  The  light  being  thus  partially  interrupted, 
acted  unequally  upon  the  varnish ;  a  liquid  hydro-carbon,  petroleum,  used 
as  a  solvent,  removed  the  bitumen  wherever  the  light  had  not  acted ;  an 
engraving  acid  could  now  bite  the  unprotected  metal,  which  could  event- 
ually be  printed  from  in  the  usual  way.  Dr.  Donne"  and  Dr.  Berrcs,  by 
submitting  the  daguerreotype  to  the  action  of  nitric  acid  and  its  vapor,  ob- 
tained etchings  from  which  proofs  oould  bo  taken.  Mr.  Grove,  by  using 
chlorine  evolved  by  voltaic  agency,  succeeded  in  obtaining  a  more  manage- 
able prooess  Very  successful  results  have  also  been  obtained  by  M.  Fizeau, 
who  submits  the  daguerreotype  to  the  action  of  a  mixture  of  dilute  nitric 
acid,  common  salt,  and  potassium  nitrate,  when  the  silver  only  is  attacked, 
the  mercurialized  portion  of  the  image  resisting  the  acid ;  an  etching  is  thus 
obtained  following  minutely„the  lights  and  shadows  of  the  picture.  To 
deepen  this  etching,  the  silver  chloride  formed  is  removed  by  ammonia,  tho 
plate  is  boiled  in  caustic  potassa  and  again  treated  with  acid,  and  so  on  till  the 
etching  is  of  sufficient  depth.  In  extreme  cases  electro-gilding  is  resorted 
to,  and  an  engraving  acid  used  to  get  still  more  powerful  impressions. 

Among  the  latest  results  are  those  obtained  by  Mr.  Talbot  on  steel  plates : 
he  uses  a  mixture  of  potassium  bichromate  and  gelatin,  which  hardens  by 
exposure  to  the  light;  the  parts  not  affected  are  removed  by  washing. 
Platinum  tetrachloride  is  used  as  an  etching  liquid ;  it  has  the  advantage 
of  biting  with  greater  regularity  than  nitric  acid. 

The  bitumen  process  of  M.  Niepce  has  been  applied  to  lithographic  stone ; 
and  positives  obtained  from  negative  talbotypes  have  been  printed  off  by 
a  modification  of  the  ordinary  lithographic  process.  M.  Niepce  finds  that 
ether  dissolves  tlie  altered  bitumen,  while  naphtha,  or  benzol,  attacks  by 
preference  the  bitumen  in  ita  normal  condition, 
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RADIATION,  BEFLECTION,   ABSORPTION,  AND   TRANS- 
MISSION  OF  HEAT. 

RADIATION  OF  HEAT. 

IF  a  red-hot  ball  be  placed  upon  a  metallic  support,  and  left  to  itself, 
cooling  immediately  commences,  and  only  stops  when  the  temperature 
of  the  ball  is  reduced  to  that  of  the  surrounding  air.  This  effect  takes 
place  in  three  ways:  heat  is  conducted  away  from  the  ball  through  the 
substance  or  the  support;  another  portion  is  removed  by  the  convective 
power  of  the  air;  and  the  residue  is  thrown  off  from  the  heated  body  in 
straight  lines  or  rays  which  pass  through  air  without  interruption,  and 
become  absorbed  by  neighboring  objects  which  happen  to  be  presented 
to  their  impact. 

This  radiant  or  radiated  heat  resembles,  in  very  many  respects,  ordinary 
light;  it  moves  with  great  velocity;  it  suffers  reflection  from  surfaces;  it 
eaters  and  traverses  media,  undergoing  at  the  same  time  refraction,  ab- 
sorption, and  polarization ;  in  fact,  it  is  in  all  these  cases  obedient  to  the 
same  laws  which  regulate  the  corresponding  phenomena  in  optics. 

The  fact  of  the  reflection  of  heat  may  be  very  easily  proved.  If  a  person 
stand  before  a  fire  in  such  a  position  that  his  face  may  be  screened  by  the 
mantelshelf,  and  if  he  then  take  a  bright  piece  of  metal,  as  a  sheet  of 
tinned  plate,  and  hold  it  in  such  a  manner  that  the  fire  may  be  seen  by 
reflection,  a  distinct  sensation  of  heat  will  at  the  same  moment  be  felL 

The  apparatus  best  fitted  for  studying  these  facts  consists  of  a  pair  of 
concave  metallic  mirrors  of  the  form  called  parabolic.     The  parabola  is  a 
curve  possessing  very  peculiar  properties,  one  of  the 
most  prominent    being  the  following: — A   tangent  Fig. 66. 

drawn  to  any  part  of  the  curve  makes  equal  angles 
with  two  lines,  one  of  which  proceeds  from  the  point 
where  the  tangent  touches  the  curve  in  a  direction 
parallel  to  what  is  called  the  axis  of  the  parabola, 
and  the  other  from  the  same  spot  through  a  point  in 
front  of  the  curve  called  the  focus.  It  results  from 
this  that  parallel  rays,  either  of  light  or  heat,  falling 
upon  a  mirror  of  this  particular  curvature  in  a  di- 
rection parallel  with  the  axis  of  the  parabola,  will 
be  all  reflected  to  a  single  point  at  the  focus ;  and 
rajs  diverging  from  this  focus,  and  impinging  upon 
the  mirror,  will,  after  reflection,  become  parallel 
(fig.  66). 

For  practical  purposes  the  parabolic  reflector  is 
generally  replaced  by  a  spherical  mirror  of  but  little  extent  as  compared 
with  its  radius  of  curvature.  The  line  drawn  from  the  centre  of  the  cur- 
vature to  the  middle  of  the  reflector,  t.  «.,  the  radius  of  the  sphere,  is  the 
principal  axU,  and  the  middle  of  this  radius  is  the  focus  of  the  spherical 
reflector.  This  focus  exhibits  nearly  all  the  characters  of  the  focus  of  the  par- 
abolic reflector.  The  spherical  reflector  is  much  more  easily  constructed  thnn 
the  parabolic ;  it  has,  moreover,  the  advantage  that  every  line  drawn  from 
the  centre  of  the  curvature  towards  the  surface  of  the  mirror  may  be 
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looked  upon  as  an  axis  (collateral  axis),  and  the  middle  of  such  line  as  a 
focus  (collateral  focus),  and  used  as  such. 

If  two  such  mirrors  be  placed  opposite  to  each  other  at  a  considerable 
distance,  and  so  adjusted  that  their  axes  shall  be  coincident,  and  a  hot 
body  placed  in  the  focus  of  the  one,  while  a  thermometer  occupies  that  of 
the  other,  the  reflection  of  the  rays  of  heat  will  become  manifest  by 
their  effect  upon  the  instrument.  In  this  manner,  with  a  pair  of  by  no 
means  very  perfect  mirrors,  1 8  inches  in  diameter,  separated  by  an  interval 
of  20  feet  or  more,  amadou  or  gunpowder  may  be  readily  fired  by  a  red- 
hot  ball  in  the  focus  of  the  opposite  mirror  (fig.  67). 

Fig.Vt, 


The  power  of  radiation  varies  exceedingly  with  different  bodies,  as  may 
be  easily  proved.  If  two  similar  vessels  of  equal  capacity,  and  constructed 
of  thin  metal,  one  having  its  surface  highly  polished,  while  that  of  the 
other  is  covered  with  lampblack,  be  filled  with  hot  water  of  the  same  tem- 
perature, and  their  rate  of  cooling  observed  from  time  to  time  with  a 
thermometer,  it  will  be  constantly  found  that  the  blackened  vessel  loses 
heat  much  faster  than  the  one  with  bright  surfaces ;  and  Bince  both  are 
put  on  a  footing  of  equality  in  other  respects,  this  difference,  which  will 
often  amount  to  many  degrees,  must  be  ascribed  to  the  superior  enysaive 
power  of  the  film  of  soot. 

By  another  arrangement,  a  numerical  comparison  can  be  made  of  these 
differences.  A  cubical  metallic  vessel  is  prepared,  each  of  whose  sides 
is  in  a  different  condition,  one  being  polished,  another  rough,  a  third  cov- 
ered with  lampblack,  &c.  The  vessel  is  filled  with  water,  kept  constantly 
at  100°  by  a  small  steam-pipe.  Each  of  its  sides  is  then  presented  in  suc- 
cession to  a  good  concave  mirror,  having  in  its  focus  one  of  the  bulbs  of 
the  differential  thermometer  before  described  (fig.  26),  the  bulb  itself 
being  blackened.  The  effect  produced  on  this  instrument  is  taken  as  a 
measure  of  the  comparative  radiating  powers  of  the  different  surfaces. 
Sir  John  Leslie  obtained  by  this  method  of  experimenting  the  following 
results : 


Emissive  power. 

Emtasire  power. 

Lampblack  . 

.      100 

Tarnished  lead 

.     45 

Writing-paper 

98 

Clean  lead 

19* 

Glass   . 

.       90 

Polished  iron 

.     15 

Graphite  .. 

75 

Polished  silver 

12 

*  The  supposed  influence  of  mere  difference  of  surface  has  been  called  In  question  by  Melloni, 
who  attributes  to  other  causes  the  effects  observed  by  Leslie  ami  others,  among  which  super- 
ficial oxidation  and  differences  of  physical  condition  with  respect  to  hardness  and  density  aro 
among  the  most  important.  With  metals  not  subject  to  tarnish,  scratching  the  surface  in- 
creases the  emissive  power  when  the  plates  have  been  rolled  or  hammered,  i.  e.,  are  in  a  com- 
pressed state,  and  diminishes  it,  on  the  contrary,  when  the  metal  has  been  cast  and  carefully 
polished  without  burnishing.  In  the  case  of  ivory,  marble,  and  jet,  where  compression  cannot 
take  place,  no  difference  is  perceptible  in  the  radiating  power  of  polished  and  rough  surfaces. 
(Ann.  Ch.  Phys,  Ixx.  435.) 
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The  best  reflecting  surfaces  are  always  the  worst  radiators;  polished 
metal  reflects  nearly  all  the  heat  that  falls  upon  it,  while  its  radiating 
power  is  the  feeblest  of  any  substance  tried,  and  lampblack,  which  reflects 
nothing,  radiate*  most  perfectly. 

The  power  of  absorbing  heat  is  in  direct  proportion  to  the  power  of 
emission.  The  polished  metal  mirror,  in  the  experiment  with  the  red-hot 
ball,  remains  quite  cold,  although  only  a  few  inches  from  the  latter;  or, 
again,  if  a  piece  of  gold  leaf  be  laid  upon  paper,  and  a  heated  iron  held 
over  it  until  the  paper  is  completely  scorched,  it  will  be  found  that  the  film 
of  metal  has  perfectly  defended  that  portion  beneath  it. 

The  faculty  of  absorption  seems  to  be  a  good  deal  influenced  by  color. 
Dr.  Franklin  found  that  when  pieces  of  cloth  of  various  colors  were  placed 
on  snow  exposed  to  the  feeble  sunshine  of  winter,  the  snow  beneath  became 
unequally  melted,  the  effect  being  always  in  proportion  to  the  depth  of  the 
color;  and  Dr.  Stark  has  since  obtained  a  similar  result  by  a  different 
method  of  experimenting.  According  to  the  late  researches  of  Melloni, 
this  effect  depends  less  on  the  color  than  on  the  nature  of  the  coloring 
matter  which  covers  the  surface  of  the  cloth.  According  to  Melloni,  color 
does  not  influence  absorption  when  the  heat  rays  are  emitted  from  a  non- 
laminoos  source,  such  as  a  cube  filled  with  hot  water;  it  has,  however, 
great  effect  on  the  absorption  of  heat  rays  given  off  from  a  luminous  body, 
as  the  sun,  Ac. 

These  facta  afford  an  explanation  of  two  very  interesting  and  important 
natural  phenomena,  namely,  the  origin  of  dew,  and  the  cause  of  the  land- 
and  sea-breezes  of  tropical  countries.  While  the  sun  remains  above  the 
horizon,  the  heat  radiated  by  the  surface  of  the  earth  into  space  is  com- 
pensated by  the  absorption  of  the  solar  beams;  but  when  the  sun  sets,  and 
the  supply  ceases,  while  the  emission  of  heat  goes  on  as  actively  as  before, 
the  surface  becomes  cooled  until  its  temperature  sinks  below  that  of  the 
air.  The  air  in  contact  with  the  earth  of  course  participates  in  this  re- 
daction of  temperature;  the  aqueous  vapor  present  speedily  reaches  its 
point  of  maximum  density,  and  then  begins  to  deposit  moisture,  whose 
quantity  will  depend  upon  the  proportion  of  vapor  in  the  atmosphere,  and 
on  the  extent  to  which  the  cooling  process  has  been  carried. 

It  is  observed  that  dew  is  most  abundant  in  a  clear  calm  night,  suc- 
ceeding a  hot  day:  under  these  circumstances  the  quantity  of  vapor  in 
the  air  is  usually  very  great,  and  at  the  same  time  radiation  proceeds  with 
most  facility.  At  such  times  a  thermometer  laid  on  the  ground  will,  after 
some  time,  indicate  a  temperature  of  5°,  8°,  or  even  10°  below  that  of  the 
air  a  few  feet  higher.  Clouds  hinder  the  formation  of  dew  by  reflecting 
back  to  the  earth  the  heat  radiated  from  its  surface,  and  thus  preventing 
the  necessary  reduction  of  temperature;  and  the  same  effect  is  produced 
by  a  screen  of  the  thinnest  material  stretched  at  a  little  height  above  the 
ground.  In  this  manner  gardeners  often  preserve  delicate  plants  from 
destruction  by  the  frosts  of  spring  and  autumn.  The  piercing  cold  felt 
just  before  and  at  sunrise, even  in  the  height  of  summer,  is  the  consequence 
of  this  refrigeration  having  reached  its  maximum. 

Wind  also  effectually  prevents  the  deposition  of  dew,  by  constantly 
renewing  the  air  lying  upon  the  earth  before  it  has  had  its  temperature 
sufficiently  reduced  to  cause  condensation  of  moisture. 

Many  curious  experiments  may  be  made  by  exposing  on  the  ground  at 
night  bodies  which  differ  in  their  powers  of  radiation.  If  a  piece  of  black 
cloth  and  a  plate  of  bright  metal  be  thus  treated,  the  former  will  be  often 
found  in  the  morning  covered  with  dew,  while  the  latter  remains  dry. 

Land  and  sea  breezes  are  certain  periodical  winds  common  to.  most  sea- 
coasts  within  the  tropics,  but  by  no  means  confined  to  those  regions.  It 
U  observed  that  a  few  hours  after  sunrise  a  breeze  springs  up  at  sea,  and 
9* 
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blow,    directly   on   shore,   and  that   its    intensity  increase*  "   *«  < Jay 
advances,  and  declines  and  gradually  expires  near  sunset.     Shortly  after 
wJA.awind   arises  in  exactly  the   opposite  direction   «^^»J*? 
land  towards  the  sea,  lasts  the  whole  of  the  night,  and  only  ceases  with 

thu7:Pe£^^  of  these  effects.     When  the  sunshine. 

at  once  upon  the  surface  of  the  earth  and  that  of  the  sea,  the  two  become 
unequally  heated,  because  the  water,  although  it  possesses  greater  power 
of    absorbing    heat,   is  yet  more  slowly  warmed,  m  consequence  of   its 
greater  capacity  for  heat,  and  the  greater  depth  to  which  the  rays  of  the 
sun  can  penetrate.     The  air  over  the  heated  surface  of  the  ground  being 
expanded  by  heat,  rises,  and  has  its  place,  supplied  by  colder  air  flowing 
from  the  sea,  producing  the  sca-breeie.     When  the  sun  sets,  both  f **  *nd 
land  begin  to  cool  by  radiation:  the  rate  of  cooling  of  the  latter  will,  how- 
ever, far  exceed  that  of  the  former,  and  its  temperature  will  rapidly  Tall. 
The  air  above  becoming  cooled  and  condensed,  flows  outwards  in  obedience 
to  the  law*  of  fluid  pressure,  and  displaces  the  warmer  air  of  the  ocean. 
In  this  manner,  by  an  interchange  of  air  between  sea  and  land,  the  other- 
wise oppressive   heat  is  moderated,  to  the   great  advantage  of  those  who 
inhabit  such  localities.     The  land  and  sea  breeses  extend  to  a  small  distance 
only   from   shore,  but  afford,  notwithstanding,   essential  aid  to  coasting 
navigation*   since   vessels  on  either  tack  enjoy  a  fair   wind  during  the 
greater  part  of  both  day  and  night. 

YEAX5M1SSIOX  (MP  HKAT;  DIATHERMANCY. 
Knys  of  beat,  in  passing  through  air,  receive  scarcely  more  obstruction 
tnnn  i*os*  of  light  under  similar  circumstances:  but  with  other  trans- 
parent *t*vtta  the  case  is  different.  If  a  parabolic  mirror  be  taken,  and 
m»  *\U  directed  towards  the  sun,  the  rays  both  of  heat  and  light  will  bo 
r**l*v*ted  to  ike  focus,  which  will  exhibit  a  temperature  sufficiently  high 
%o  tVt*  «  pxeve  of  m.-taL  or  Are  a  combustible  body.  If  a  plate  of  glass  be 
n*«  »;«c*<d  between  ike  mirror  and  ike  sua,  Ike  effect  will  be  perceptibly 

\+w  :*<  tW  same  experiment  be  made  witk  the  beat  of  a  kettle  filled 
w^»k  bo.*  t£  «nt*r:  tlx*  a<*t  w:U  be  concentrated  by  reflection  as  before, 
bn*.  w**  '*,*crv*>.af  t*e  j4».  the  kerning  effect  at  tke  focus  will  be  reduced 
%v*nn  v  «^  Tu^  %a«  raj*  of  heat  coming  from  tke  sun  traverse  even 
€*«<•»  *-*  cvnx.4*e*  ve  ^'14':  :*.  bu.;  nv»*  so  easily  as  air,  whilst  rays  from 
kv*  ^*%  >rc  *r»  c«  *-vN   *i   i-c«e4  ^y  r^vsjv 

%•  .*e  *v*r  *vsV  M  Vx  ^o'  pnV..*kcil  tke  flrst  of  a  series  of  exceed- 
*M^*  *•*  ***  o  r«««*-vi*«  *i  ii  *  sn\;cc*,  wk:ck  are  to  be  found  in  detail 
>te  \*  *ns**  *v  ««.**.  *:  ,  a*  V? *.&*««  *jc  Caimie  e*  dc  Pkvsiqne.*  It  will  be 
*mw*«5v%  •*     -1      w    t-^,    t^^Aoa.   w  Aescnbe    tke    meikod   of    operation 

^  •    »'»Vv  >o»v*>k    *v  ivm  r*mn)&aV*  facts  bad  been  discovered :  Orsted, 
^  >  ***»*  *»***>*»    ^W*e»i  .  1 1*.  a  ctirrea*  of  Cdectrccirv. 
W*^*vr    »•«««..«.>**>   «vrrv<:«<*  *  s.ix*4^aran4  perfectly  J^jp-SB. 

£**«*«:«»   *»>  v*   ,-a  %  nun't>v  ***vl*.  ami  :T**smck,  in  — » 

e^**1^   <s*  *«     *.«,   **  *;.-»  -v  ,rnr<"**«.  stay  V*  generated  ^ 

>*  •**  «.**<  «v  >^x  *  k^.  «*  j;£te«*£  nnhnw>- 
***"•*  7  *  %  *e  «*•**-,-  t<  *t  eCo^tir-.vaZ  <n^;tna  be 
V^-^^v.  %vh**  %  «**;rc*  v  n«o>t.OA  -*»  nvtee  w-1  mne- 
«»%%  ro*  %t.  ,  x?v  ^v^  xm  vm  tSNtvetwv^wMwarh- 
•**"•■**•»■•*  v%»i**  v  h»  *  >r  a*  »«*  wo*©*  k  .M4>*non>!ntsi 
***»  -V*  w^-«o%  ***  *  H»  **-  i  *  ."  >*r«K  t>  X  %en  **♦ 
%  :>K    ^    <»•***»*•  o>    jv    ».»\y    .    -»v*  „     i^tc   -.1     neexCe 
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and  parallel  to  its  length,  while  the  current  it  carries  travels  from  north  to 
south,  the  needle  is  deflected  from  its  ordinary  direction,  and  the  north 
pole  driven  to  the  eastward.  When  the  current  is  reversed,  the  same  pole 
deviates  to  an  equal  amount  towards  the  weBt  Placing  the  wire  below 
the  needle  instead  of  above,  produces  the  same  effect  as  reversing  the 
current. 

When  the  needle  is  subjected  to  the  action  of  two  currents  in  oppo- 
site directions,  the  one  above  and  the  other  below,  they  will  obviously 
concur  in  their  effects.  The  same  thing  happens  when  the  wire  carrying 
the  current  is  bent  upon  itself,  and  the  needle  placed  between  the  two  por- 
tions; and  since  every  time  the  bending  is  repeated,  a  fresh  portion  of  the 
current  is  made  to  act  in  the  same  manner  upon  the  needle,  it  is  easy  to 
see  how  a  current,  too  feeble  to  produce  any  effect  when  a  simple  straight 
wire  is  employed,  may  be  made  by  this  contrivance  to  exhibit  a  powerful 
aciion  on  the  magnet.  It  is  on  this  principle 
that  instruments  called  galvanometers,  galvano- 
ttopes,  or  multipliers,  are  constructed;  they  serve 
not  only  to  indicate  the  existence  of  electrical 
currents,  but  to  show,  by  the  effects  upon  the 
needle,  the  direction  in  which  they  are  moving. 
The  delicacy  of  the  instrument  can  be  extraor- 
dinarily increased  by  the  use  of  a  very  long 
coil  of  wire  and  two  needles  of  equal  strength, 
and  with  opposite  poles  conjoined  (fig.  82).  These  needles  are  hung  by 
untwisted  silk,  one  between  the  coils  and  the  other  above  them,  so  that  the 
current  acts  iu  the  same  direction  on  both.  The  thickness  of  the  wire  has 
some  influence  on  the  delicacy  of  the  instrument.  For  the  following 
experiments  it  should  not  be  less  than  ^  of  an  inch  thick. 

Where  two  pieces  of  different  metals,  connected  together  at  each  end, 
have  one  of  their  joints  more  heated  than  the  other,  an  electric  current  is 
immediately  set  up.  Of  all  the  metals  tried, 
bismuth  and  antimony  form  the  most  power- 
ful combination.  A  single  pair  of  bars  hav- 
ing one  of  their  junctions  heated  in  the  man- 
ner shown  (fig.  70),  can  develop  a  current 
strong  enough  to  deflect  a  compass-needle 
placed  within ;  and,  by  arranging  a  number 
in  a  series  and  heating  their  alternate  ends, 
the  intensity  of  the  current  may  be  very 
much  increased.  Such  an  arrangement  is 
called  a  thermo-electric  pile.  Mellonk  con- 
structed a  very  small  thermo-electric  pile  of 

this  kind,  containing  fifty-five  slender  bars  of  bismuth  and  antimony,  laid  side 
by  side  and  soldered  together  at  their  alternate  ends,  as  shown  in  natural  size 
in  ilg  71.  He  connected  this  pile  with  an  exceed- 
ingly delicate  multiplier,  and  found  himself  in 
the  possession  of  an  instrument  for  measuring 
small  variations  of  temperature,  far  surpassing 
in  delicacy  the  air-thermometer  in  its  most  sen- 
sitive form,  and  having  great  advantages  in 
other  respects  over  that  instrument  when  em- 
ployed for  the  purposes  to  which  he  devoted  it. 

The  substances  whose  powers  of  transmission 
were  to  be  examined  were  cut  into  plates  of  a 
determinate  thickness,  and,  after  being  well 
polished,  arranged  in  succession  in  front  of  the 
little  pile,  the  extremity  of  which  was  blackened 


Fig.  70. 


Fig.  71. 
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blows  directly  on  shore,  and  thai  its  intensity  increases  as  the  day 
advances,  and  declines  and  gradually  expires  near  sunset.  Shortly  after- 
wards a  wind  arises  in  exactly  the  opposite  direction,  namely,  from  the 
land  towards  the  sea,  lasts  the  whole  of  the  night,  and  only  ceases  with 
the  reappearance  of  the  sun. 

It  is  easy  to  give  an  explanation  of  these  effect b.  When  the  sun  shines 
at  once  upon  the  surface  of  the  earth  and  that  of  the  sea,  the  two  become 
unequally  heated,  because  the  water,  although  it  possesses  greater  power 
of  absorbing  heat,  is  yet  more  slowly  warmed,  in  consequence  of  its 
greater  capacity  for  heat,  and  the  greater  depth  to  which  the  rays  of  the 
sun  can  penetrate.  The  air  over  the  heated  surface  of  the  ground,  being 
expanded  by  heat,  rises,  and  has  its  place,  supplied  by  colder  air  flowing 
from  the  sea,  producing  the  sea-breeze.  When  the  sun  sets,  both  sea  nnd 
land  begin  to  cool  by  radiation:  the  rate  of  cooling  of  the  latter  will,  how- 
ever, far  exceed  that  of  the  former,  and  its  temperature  will  rapidly  fall. 
The  air  above  becoming  cooled  and  condensed,  flows  outwards  in  obedience 
to  the  laws  of  fluid  pressure,  and  displaces  the  warmer  air  of  the  ocean. 
In  this  manner,  by  an  interchange  of  air  between  sea  and  land,  the  other- 
wise oppressive  heat  is  moderated,  to  the  great  advantage  of  those  who 
inhabit  such  localities.  The  land  and  sea  breezes  extend  to  a  small  distance 
only  from  shore,  but  afford,  notwithstanding,  essential  aid  to  coasting 
navigation,  since  vessels  on  either  tack  enjoy  a  fair  wind  during  the 
greater  part  of  both  day  and  night. 

TRANSMISSION  OF  HEAT;  DIATHERMANCY. 

Rays  of  heat,  in  passing  through  air,  receive  scarcely  more  obstruction 
than  those  of  light  under  similar  circumstances;  but  with  other  trans- 
parent media  the  case  is  different.  If  a  parabolic  mirror  be  taken,  and 
its  axis  directed  towards  the  Bun,  the  rays  both  of  heat  and  light  will  bo 
reflected  to  the  focus,  which  will  exhibit  a  temperature  sufficiently  high 
to  fuse  a  piece  of  metal,  or  fire  a  combustible  body.  If  a  plate  of  glass  be 
now  placed  between  the  mirror  and  the  sun,  the  effect  will  be  perceptibly 
diminished. 

Now,  let  the  same  experiment  be  made  with  the  heat  of  a  kettle  filled 
with  boiling  water ;  the  heat  will  be  concentrated  by  reflection  as  before, 
but,  on  interposing  the  glass,  the  heating  effect  at  the  focus  will  be  reduced 
to  nothing.  Thus,  the  rays  of  heat  coming  from  the  sun  traverse  even 
glass  in  considerable  quantity,  but  not  so  easily  as  air,  whilst  rays  from 
hot  water  are  entirely  stopped  by  glass. 

In  the  year  1833,  M.  Melloni  published  the  first  of  a  series  of  exceed- 
ingly valuable  researches  on  this  subject,  which  are  to  be  found  in  detail 
in  various  volumes  of  the  Annales  de  Chimie  et  de  Physique.*  It  will  be 
necessary,  in  the  first  instance,  to  describe  the  method  of  operation 
followed  by  this  philosopher. 

Not  long  before,  two  very  remarkable  facts  had  been  discovered :  Orsted, 
in  Copenhagen,  showed  that  a  current  of  electricity, 
however  produced,  exercises  a  singular  and  perfectly  Fig.  68. 

definite  action  on  a  magnetic  needle;  and  Seebeck,  in     — » 

Berlin,  found  that  an  electric  current  may  be  generated  _w 

by  the  unequal  effects  of  heat  on  different  metals  in  con- 
tact. If  a  wire  conveying  an  electrical  current  be 
brought  near  a  magnetic  needle,  the  latter  will  imme- 
diately alter  its  position  and  assume  a  new  one  as  nearly 
perpendicular  to  the  wire  as  the  mode  of  suspension 
and  the  magnetism  of  the  earth  will  permit.     When  the  ^jJT\ 

wire,  for  example,  is  placed  directly  over  thj  needle  Ks^ 

*  Translated  also  in  Taylor's  "  Scientific  Memoir*." 
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and  parallel  to  its  length,  while  the  current  it  carries  travels  from  north  to 
south,  the  needle  is  deflected  from  its  ordinary  direction,  and  the  north 
pole  driven  to  the  eastward.  When  the  current  is  reversed,  the  same  pole 
deviates  to  an  equal  amount  towards  the  west  Placing  the  wire  below 
the  needle  instead  of  above,  produces  the  same  effect  as  reversing  the 
current. 

When  the  needle  is  subjected  to  the  action  of  two  currents  in  oppo- 
site directions,  the  one  above  and  the  other  below,  they  will  obviously 
concur  in  their  effects.  The  same  thing  happens  when  the  wire  carrying 
the  current  is  bent  upon  itself,  and  the  needle  placed  between  the  two  por- 
tions; and  since  every  time  the  bending  is  repeated,  a  fresh  portion  of  the 
current  is  made  to  act  in  the  same  manner  upon  the  needle,  it  is  easy  to 
see  how  a  current,  too  feeble  to  produce  any  effect  when  a  simple  straight 
wire  is  employed,  may  be  made  by  this  contrivance  to  exhibit  a  powerful 
action  on  the  magnet.  It  is  on  this  principle 
that  instruments  called  galvanometers,  galvano- 
itopct,  or  multipliers,  are  constructed ;  they  serve 
not  only  to  indicate  the  existence  of  electrical 
currents,  but  to  show,  by  the  effects  upon  the 
needle,  the  direction  in  which  they  are  moving. 
The  delicacy  of  the  instrument  can  be  extraor- 
dinarily increased  by  the  use  of  a  very  long 
coil  of  wire  and  two  needles  of  equal  strength, 
and  with  opposite  poles  conjoined  (fig.  82).  These  needles  are  hung  by 
untwisted  silk,  one  between  the  coils  and  the  other  above  them,  so  that  the 
current  acts  iu  the  same  direction  on  both.  The  thickness  of  the  wire  has 
some  influence  on  the  delicacy  of  the  instrument.  For  the  following 
experiments  it  should  not  be  less  than  ^  of  an  inch  thick. 

Where  two  pieces  of  different  metals,  connected  together  at  each  end, 
have  one  of  their  joints  more  heated  than  the  other,  an  electric  current  is 
immediately  set  up.  Of  all  the  metals  tried, 
bismuth  and  antimony  form  the  most  power- 
ful combination.  A  single  pair  of  bars  hav- 
ing one  of  their  junctions  heated  in  the  man- 
ner shown  (fig.  70),  can  develop  a  current 
strong  enough  to  deflect  a  compass-needle 
placed  within ;  and,  by  arranging  a  number 
in  a  series  and  heating  their  alternate  ends, 
the  intensity  of  the  current  may  be  very 
much  increased.  Such  an  arrangement  is 
called  a  thermo-electric  pile.  Meiloni.  con- 
structed a  very  small  thermo-electric  pile  of 

this  kind,  containing  fifty -five  slender  bars  of  bismuth  and  antimony,  laid  side 
bj  side  and  soldered  together  at  their  alternate  ends,  as  shown  in  natural  size 
in  fig  71.  He  connected  this  pile  with  an  exceed- 
ingly delicate  multiplier,  and  found  himself  in 
the  possession  of  an  instrument  for  measuring 
small  variations  of  temperature,  far  surpassing 
in  delicacy  the  air-thermometer  in  its  most  sen- 
sitive form,  and  having  great  advantages  in 
other  respects  over  that  instrument  when  em- 
ployed for  the  purposes  to  which  he  devoted  it. 

The  substances  whose  powers  of  transmission 
were  to  be  examined  were  cut  into  plates  of  a 
determinate  thickness,  and,  after  being  well 
polished,  arranged  in  succession  in  front  of  the 
little  pile,  the  extremity  of  which  was  blackened 


Fig.  70. 


Fig.  71. 
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to  promote  the  absorption  of  the  rays.  A  perforated  pcreen,  the  area  of 
whose  aperture  equalled  that  of  the  face  of  the  pile,  was  placed  between 
the  source  of  heat  and  the  body  under  trial,  while  a  second  screen  served 
to  intercept  all  radiation  until  the  moment  of  the  experiment. 

After  much  preliminary  labor,  for  the  purpose  of  testing  the  capabilities 
of  the  apparatus  and  the  yalue  of  its  indications,  an  extended  Beries  of 

rig,  71 


researches  was  undertaken  and  carried  on  during  a  long  period  with  great 
success ;  some  of  the  most  curious  results  are  given  in  the  annexed  table. 
Four  different  sources  of  heat  were  employed  in  these  experiments, 
differing  in  their  nature  and  in  their  degrees  of  intensity:  the  naked  flame 
of  an  oil-lamp ;  a  coil  of  platinum  wire  heated  to  redness ;  blackened  cop- 
per at  390° ;  and  the  same  heated  to  100°. 


Substances. 
(Thickness  of  plate  0-1  Inch,  nearly.) 


Hock-salt,  transparent  and  colorless  . 

Fluor-spar,  colorless 

Rock-salt,  muddy         .... 

Beryl       

Fluor-spar,  greenish  .... 

Iceland  spar 

Plate-glass  ...... 

Rock-crystal 

Rock-crystal,  brown   .... 

Tourmaline,  dark-green  . 

Citric  acid,  transparent 

Alum,  transparent .... 

Sugar-candy 

Fluor-spar,  green,  translucent 
Ice,  pure  and  transparent  . 


Transmisoton  of  100  rays 

of  heat  from 

1     ~ 

^ 

~6 

**o 

c 
| 
5 

«6 

92 

92 

92 

92 

78 

69 

42 

33 

65 

65 

65 

65 

54 

23 

13 

0 

46 

38 

24 

20 

39      28 

6 

0 

39 

24 

6 

0 

€8 

28 

6 

0 

37 

28 

6 

0 

18 

16 

8 

0 

11 

2 

0 

0 

9 

2 

0 

0 

8 

0 

0 

o  ; 

8 

6 

4 

8   ! 

6 

0 

0 

°l 

On  examining  this  remarkable  table,  which  is  an  abstract  of  one  much 
more  extensive,  the  first  thing  that  strikes  the  eye  is  the  want  of  connection 
between  the  power  of  transmitting  heat  and  that  of  transmitting  light. 
Taking,  for  instance,  the  oil-lamp  as  the  source  of  heat:  out  of  the  quan- 
tity of  heat  represented  by  100  rays  falling  upon  the  pile,  the  proportion 
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transmitted  by  similar  plates  of  rock-salt,  glass,  and  alum,  may  be  expressed 
by  the  numbers,  92,  39,  and  9;  and  yet  these  bodies  are  equally  trans- 
parent with  respect  to  light.  Generally  speaking,  color  was  found  to 
interfere  with  the  transniissive  power,  but  to  a  very  unequal  extent:  thus, 
in  fluor-spar,  colorless,  greenish,  and  deep  green,  the  quantities  transmitted 
were  78,* 46,  and  8,  while  the  difference  between  colorless  and  brown  rock- 
crystal  was  only  1.  Bodies  absolutely  opaque,  as  wood,  metals,  and  black 
marble,  stopped  the  rays  completely,  although  it  was  found  that  the  faculty 
of  transmission  was  possessed,  to  a  certain  extent,  by  some  which  were 
nearly  in  that  condition,  as  thick  plates  of  brown  quartz,  black  mica,  and 
black  glass. 

A  great  difference  is  noticed  in  heat-rays  derived  from  different  sources. 
Ont  of  100  rays  from  each  source  which  fell  on  rock-salt,  the  same  pro- 
portion was  always  transmitted  whether  the  rays  proceeded  from  the  in- 
tensely heated  flame,  the  red-hot  platinum  wire,  or  the  copper  at  890°  or 
100°;  but  this  is  true  of  no  other  substance  in  the  list.  In  the  case  of 
plate-glass,  we  have  the  numbers  39,  24,  6,  and  0  as  representatives  of  the 
comparative  quantities  of  heat  transmitted  through  the  plate  from  each 
source ;  or  in  three  varieties  of  fluor-spar,  as  in  the  following  statement : 


Flame. 

Red  heat. 

380°. 

100°. 

Colorless 

.    78 

69 

42 

83 

Greenish    . 

46 

38 

24 

20 

Dark  green 

.      8 

6 

4 

8 

One  substance,  beryl,  out  of  100  rays  from  the  intensely  heated  source, 
suffers  54  to  pass;  and  out  of  the  same  number  (that  is,  an  equal  quantity 
of  heat)  from  metal  at  100°  none  at  all;  whilst  another  substance,  fluor- 
spar, transmits  rays  from  the  two  sources  mentioned  in  the  proportion  of 
8  to  3. 

These,  and  many  other  curious  phenomena,  are  fully  and  completely  ex- 
plained on  the  supposition,  that  among  the  invisible  rays  of  heat  differences 
are  to  be  found  exactly  analogous  to  those  differences  between  rays  of  light 
which  we  are  accustomed  to  call  colors.  Rock-salt  and  air  are  the  only  sub- 
stances yet  known  which  are  truly  diathtrrnanous,  or  equally  transparent  to 
all  kinds  of  heat-rays:  they  are  to  the  latter  what  white  glass  or  water  is 
to  light;  they  suffer  rays  of  every  description  to  pass  with  equal  facility. 
All  other  bodies  act  like  colored  glasses,  absorbing  certain  rays  more  abund- 
antly than  the  rest,  and  coloring,  as  it  were,  the  heat  which  passes  through 
them. 

These  heat-tints  have  no  direct  relation  to  ordinary  colors;  their  exist- 
ence is,  nevertheless,  almost  as  clearly  made  out  as  that  of  the  colored 
rajs  of  the  spectrum.  Bodies  at  a  comparatively  low  temperature  emit 
rays  of  such  a  tint  only  as  to  be  transmissible  by  a  few  substances:  as  the 
temperature  rises,  rays  of  other  heat-colors  begin  to  make  their  appearance, 
and  transmission  of  some  portion  of  these  rays  takes  place  through  a  great 
number  of  bodiep;  while  at  the  temperature  of  intense  ignition  we  find 
rays  of  all  colors  thrown  out,  some  of  which  will  certainly  find  their  way 
through  a  great  variety  of  substances.  The  kind  of  rays  emitted  by  dif- 
ferent bodies  of  the  same  temperature  is  by  no  means  the  same,  but  seems 
materially  to  depend  on  the  nature  of  the  radiating  body.  When  a  bundle 
of  heterogeneous  rays  passes  through  a  medium,  those  of  one  kind  are 
powerfully  absorbed,  while  those  of  another  are  not  affected.  By  their 
transmission  through  the  body  the  rays  have  undergone  a  sifting;  if  now 
these  sifted  rays  be  passed  through  a  second  plate  of  the  same  medium,  a 
much  smaller  proportional  loss  will  occur  than  in  the  case  of  the  first  plate, 
because  the  rays  which  the  medium  readily  takes  up  are  mostly  wanting. 
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while  tlioso  which  easily  pass  through  the  body  in  question  are  present,  in 
more  notable  quantity.  The  same  thing  happens  when  a  number  of  plates 
are  interposed;  the  rays  after  traversing  one  plate  are  but  little  inter- 
rupted by  others  of  a  similar  nature. 

By  cutting  rock-salt  into  prisms  and  lenses,  it  is  easy  to  show  that 
radiated  heat  may  be  refracted  like  ordinary  light,  and  its  beams  made  to 
converge  or  diverge  at  pleasure;  and,  lastly,  to  complete  the  analogy,  it 
has  been  shown  to  manifest  the  phenomena  of  interference,  and  to  be 
susceptible  of  polarization  by  transmission  through  plates  of  double-re- 
fracting minerals,  in  the  manner  as  light  itself. 

The  absorptive  power  of  gases  and  vapors  for  rays  of  heat  by  which 
they  are  traversed  had  long  been  neglected;  and  it  is  only  recently  that 
we  have  become  indebted  to  Professor  Tyndall  and  Professor  Magnus  for 
some  researches  upon  this  subject.  The  absorptive  power  of  perfectly  dry 
air,  of  oxygen,  nitrogen,  and  hydrogen  in  the  state  of  purity  is  very  small ; 
the  absorptive  power  of  compound  gases  and  vapors,  e.  g.  of  water-vapor, 
carbonic  oxide,  carbonic  acid,  and  more  especially  of  olefiant  gas,  ammonia, 
and  the  vapors  of  volatile  oils,  is  much  greater.  The  following  table  gives, 
according  to  Tyndall,  the  relative  absorptive  powers  of  different  gases  for 
dark  rays  of  heat  emanating  from  copper  at  270°,  when  the  gases  are  ex- 
amined under  a  pressure  of  one  atmosphere : — 


Atmospheric  air  . 

1 

Carbon  dioxide    . 

.     90 

Oxygen     . 

1 

Nitrogen  monoxide  . 

.       855 

Nitrogen 

1 

Hydrogen  sulphite 

.  890 

Hydrogen 

1 

Marsh  gas 

.       403 

Chlorine 

.     89 

Sulphurous  oxide 

.  710 

Hydrochloric  acid    . 

62 

Olefiant  gas 

970 

Carbon  monoxide 

.     90 

Ammonia 

1195 

The  absorptive  power  of  a  gas  increases  with  an  increases  of  the  density, 
but  is,  in  the  case  of  gases  endowed  with  a  high  absorptive  power,  by  no 
means  proportionate  to  the  density. 

Kays  of  heat  of  the  above  description  are  not  capable  of  passing  through 
a  tube  3  feet  long  filled  with  ammonia  of  the  ordinary  pressure  of  the  at- 
mosphere ;  such  a  layer  of  ammonia,  though  quite  colorless  and  transparent 
to  light,  is  perfectly  impermeable  (it  might  be  said  black)  to  heat.  The 
element  chlorine,  though  colored  and  less  transparent  to  light,  allows  the 
ray 8  of  heat  to  pass  more  freely  than  the  compound  hydrochloric  acid, 
which  is  colorless  and  more  transparent  to  light.  These  examples  show 
that  the  absorptive  power  of  gases  for  rays  of  heat  is  perfectly  independent 
of  that  for  rays  of  light. 

From  Tyndall's  experiments  it  appears  also  that  vapor  of  water,  weight 
for  weight,  transcends  all  other  gases  in  heat-absorbing  power;  so  much, 
indeed,  that  the  aqueous  vapor  in  the  air,  though  not  amounting  on  the 
average  to  more  than  0-45  per  cent,  of  the  whole,  exerts  an  absorptive 
action  on  heat-rays  many  times  greater  than  the  air  through  which  it  is 
diffused.  This  great  absorbing  power  of  water-vapor  has  a  powerful  effect 
in  checking  the  cooling  down  of  the  earth's  surface  by  radiation ;  and  it 
is  in  great  part  from  this  cause  that  in  moist  climates,  like  that  of  Eng- 
land, the  range  of  temperature  between  night  and  day,  and  between  summer 
and  winter,  is  so  much  less  than  in  drier  climates  under  the  same  latitude. 

It  has  been  established  by  experiment,  and  likewise  theoretically  de- 
monstrated by  Kirchhoff.  that  of  two  bodies,  the  one  which  has  the  greater 
power  of  absorbing  rays  of  heat,  poseeases  also  the  greater  power  of 
radiating  them,  and  that  the  law  mentioned  on  page  92,  according  to 
which  the  power  of  ab«A»k«««.  feoat  is  in  direct  proportion  to  the  power  of 
emission,  holds  gor 
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A  PARTICULAR  species  of  iron  ore  has  long  been  remarkable  for  its  prop- 
J\  erty  of  attracting  small  pieces  of  iron,  and  causing  them  to  adhere 
to  its  surface ;  it  is  called  loadstone,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefully  examined,  it  will  be  found  that 
the  attractive  force  for  particles  of  iron  is  greatest  at  certain  particular 
points  of  its  surface,  while  elsewhere  it  is  much  diminished  or  even  alto- 
gether absent.  These  attractive  points  are  denominated  poles,  and  the 
loadstone  itself  is  said  to  be  endowed  with  magnetic  polarity. 

If  one  of  the  pole-surfaces  of  a  natural  loadstone  be  rubbed  in  a  partic- 
ular manner  over  a  bar  of  steel,  its  characteristic  properties  will  be  com- 
municated to  the  bar,  which  will  then  be  found  to  attract  iron-filings  like  the 
loadstone  itself.  Further,  the  attractice  force  will  appear  to  be  greatest  at 
two  points  situated  very  near  the  extremities  of  the  bar,  and  least  of  all 
towards  the  middle.  The  bar  of  steel  so  treated  is  said  to  be  magnetized, 
or  to  constitute  an  artificial  magnet. 

When  a  magnetized  bar  or  natural  magnet  is  suspended  at  its  centre  in 
any  convenient  manner,  so  as  to  be  free  to  move  in  a  horizontal  plane,  it  is 
always  found  to  assume  a  particular  direction  with  regard  to  the  earth,  one 
end  pointing  nearly  north  and  the  other  nearly  south.  If  the  bar  be  moved 
from  this  position,  it  will  tend  to  reassume  it,  and,  after  a  few  oscillations, 
settle  at  rest  as  before.  The  pole  which  points  towards  the  astronomical 
north  is  usually  distinguished  as  the  north  polo  of  the  bar,  and  that  which 
points  southward,  as  the  south  pole.  A  suspended  magnet,  either  natural 
or  artificial,  of  symmetrical  form,  serves  to  exhibit  certain  phenomena  of 
attraction  and  repulsion  in  the  presence  of  a  second  magnet,  which  de- 
serve particular  attention.  When  a  north  pole  is  presented  to  a  south 
pole,  or  a  south  pole  to  a  north,  attraction  ensues  between  them;  the  ends 
of  the  bars  approach  each  other,  and,  if  permitted,  adhere  with  considerable 
force;  when,  on  the  other  hand,  a  north  pole  is  brought  near  a  second 
north  pole,  or  a  south  pole  near  another  south  pole,  mutual  repulsion  is  ob- 
served, and  the  ends  of  the  bars  recede  from  each  other  as  far  as  possible. 
Pole*  of  an  opposite  name  attract,  and  of  a  similar  name  repel  each  other.  Thus, 
a  email  bar  or  needle  of  steel,  properly  magnetized  and  suspended,  and 
hiving  its  poles  marked,  becomes  an  instrument  fitted  not  only  to  discover 
the  existence  of  magnetic  power  in  other  bodies,  but  to  estimate  the  kind 
of  polarity  affected  by  their  different  parts. 

A  piece  of  soft  iron  brought  into  the  neighborhood  of  a  magnet  acquires 
itself  magnetic  properties:  the  intensity  of  the  power  thus  conferred  de- 
pends upon  that  of  the  magnet  and  upon  the  interval  which  divides  the 
two,  becoming  greater  as  that  interval  decreases,  and  greatest  of  all  when 
in  actual  contact.  The  iron,  under  these  circumstances,  is  said  to  be  mag- 
netized by  induction  or  influence,  and  the  effect,  which  in  an  instant 
reaches  its  maximum,  is  at  once  destroyed  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  inductive  action 
ii  hardly  perceptible  at  first,  and  only  becomes  manifest  after  the  lapse  of 
a  certain  time :  in  this  condition,  when  the  steel  bar  is  removed  from  the 
magnet,  it  retains  a  portion  of  the  induced  polarity.     It  becomes,  indeed, 
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Fig.  73. 


a  permanent  magnet,  similar  to  the  first,  and  retains  its  peculiar  properties 
for  an  indefinite  period. 

A  particular  name  is  given  to  this  resistance  which  steel  always  offers  in 
a  greater  or  less  degree  both  to  the  development  of  magnetism  and  its  sub- 
sequent destruction ;  it  is  called  specific  coercive  power. 

The  rule  which  regulates  the  induction  of  magnetic  polarity  in  all  ca^es 
is  exceedingly  simple,  and  most  important  to  be  remembered.  The  pule 
produced  is  always  of  the  opposite  name  to  that  which  produced  it,  a 

north  pole  developing  Bouth  polarity, 
and  a  south  pole  north  polarity.  The 
north  pole  of  the  magnet  figured  in  the 
sketch  induoes  south  polarity  in  all  the 
nearer  extremities  of  the  pieces  of  iron 
or  steel  which  surround  it,  and  a  state 
similar  to  its  own  in  all  the  more  remote 
extremities.  The  iron  thus  magnet iied 
is  capable  of  exerting  a  Bimilar  induc- 
tive action  on  a  second  piece,  and  that 
upon  a  third,  and  so  to  a  great  number, 
the  intensity  of  the  force  diminishing 
as  the  distance  from  the  permanent 
magnet  increases.  It  is  in  this  way 
that  a  magnet  is  enabled  to  hold  up  a 
number  of  small  pieces  of  iron,  or  a 
bunch  of  filings,  each  separate  piece 
becoming  a  magnet  for  the  time  by  in- 
duction. 

Magnetic  polarity,  similar  in  degree  to  that  which  iron  presents,  has 
been  found  only  in  some  of  the  compounds  of  iron,  in  nickel  and  in  cobalt. 
Magnetic  attractions  and  repulsions  are  not  in  the  slightest  degree  inter- 
fered with  by  the  interposition  of  substances  destitute  of  magnetic  proper- 
ties. Thick  plates  of  glass,  shellno,  metals,  wood,  or  of  any  substances 
except  those  above  mentioned,  may  be  placed  between  a  magnet  and  a  sus- 
pended needle,  or  a  piece  of  iron  under  its  influence,  the  distance  being 
preserved,  without  the  least  perceptible  alteration  in  itB  attractive  power, 
or  force  of  induction. 

One  kind  of  polarity  cannot  be  exhibited  without  the  other.  In  other 
words,  a  magnetic  pole  cannot  be  insulated.  If  a  magnetiied  bar  of  steel 
be  broken  at  its  neutral  point,  or  in  the  middle,  each  of  the  broken  ends 
acquires  an  opposite  pole,  bo  that  both  portions  of  the  bar  become  perfect 
magnets;  and,  if  the  division  be  carried  still  further,  if  the  bar  be  broken 
into  a  hundred  pieces,  each  fragment  will  be  a  complete  magnet,  having 
its  own  north  and  south  poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent  polarity 
of  the  bar  is  the  consequence  of  the  polarity  of  each  individual  particle, 


\ 


Fig.  74. 


the  poles  of  the  bar  being  merely  points  through  which  the  resultants  of 
all  these  forces  pass;  the  largest  magnet  is  made  up  of  an  immense  number 
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of  little  magnets  regularly  arranged  Bide  by  Bide,  all  having  their  north 
poles  looking  one  way,  and  their  south  poles  the  other.  The  middle  portion 
of  such  a  system  cannot  possibly  exhibit  attractive  or  repulsive  effects  on 
an  external  body,  because  each  pole  is  in  close  juxtaposition  with  one  of 
an  opposite  name  and  of  equal  power;  hence  their  forces  will  be  exerted 
in  opposite  directions  and  neutralize  each  other's  influence.  Such  will  not 
be  the  case  at  the  extremities  of  the  bar ;  there  uncompensated  polarity 
will  be  found  capable  of  exerting  its  specific  power. 

This  idea  of  regular  polarization  of  particles  of  matter  in  virtue  of  a 
pair  of  opposite  and  equal  forces,  is  not  confined  to  magnetic  phenomena ; 
it  is  the  leading  principle  in  electrical  science,  and  is  constantly  reproduced 
in  some  form  or  other  in  every  discussion  involving  the  consideration  of 
molecular  forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  forms :  such  as 
small  light  needles,  mounted  with  an  agate  cap  for  suspension  upon  a  fine 
point;  straight  bars  of  various  kinds;  bars  curved  into  the  shape  of  a 
horse-shoe,  Ac.  All  these  have  regular  polarity  communicated  to  them  by 
cruin  processes  of  rubbing  or  touching  with  another  magnet,  which  re- 
quire care,  but  are  not  otherwise  difficult  of  execution.  When  great  power 
is  wished  for,  a  number  of  bars  may  be  screwed  together,  with  their  similar 
ends  in  contact,  and  in  this  way  it  is  easy  to  construct  permanent  Bteel 
oijrneU  capable  of  sustaining  great  weights.  To  prevent  the  gradual 
destruction  of  magnetic  force,  which  would  otherwise  occur,  it  is  usual  to 
*rm  each  pole  with  a  piece  of  soft  iron  or  keeper,  which,  becoming  mag- 
netized by  induction,  serves  to  sustain  the  polarity  of  the  bar,  and  in  some 
eases  even  increases  its  energy. 

The  direction  spontaneously  assumed  by  a  suspended  needle  indies tes 
that  the  earth  itself  has  the  properties  of  an  enormous  magnet,  whose 
'rath  magnetic  force  is  concentrated  in  the  northern  hemisphere.  A  line 
fining  the  two  poles  of  such  a  needle  or  bar  indicates  the  direction  of  the 
so-called  magnetic  meridian  of  the  place,  which  is  a  vertical  plane  coincident 
*ith  the  direction  of  the  needle. 

The  magnetic  meridian  of  a  place  is  not  usually  coincident  with  its  geo- 
graphical meridian,  but  makes  with  the  latter  a  certain  single  called  the 
Amotion  of  the  needle. 

The  amount  of  the  declination  of  the  needle  from  the  true  north  and 
»uth  not  only  varies  at  different  places,  but  in  the  same  place  is  subject 
'*  daily,  yearly,  and  secular  fluctuations,  which  are  called  the  variations 
•f  declination.  Thus,  at  the  commencement  of  the  17th  century,  the  de- 
tonation, in  London,  was  eastward;  in  1660  it  was  0;  that  is,  the  needle 
punted  due  north  and  south.  Afterwards  it  became  westerly,  slowly  in- 
'rauing  until  the  year  1818,  when  it  reached  24°  80',  since  which  time  it 
-*«been  slowly  diminishing,  and,  in  the  present  year  (1868)  it  is  20°  10'. 

Of  late  the  march  of  the  daily  variations  of  declination  has  been  care- 
-2y  compared  with  the  positions  of  the  sun  as  well  as  the  moon  at  the 
^responding  period.  This  inquiry,  suggested  by  General  Sabine,  and 
irried  on  for  a  number  of  years  in  several  localities,  has  led  to  the  re- 
liable result  that  these  celestial  bodies  exert  a  definite  influence  upon 
">  magnetic  needle,  and  must  therefore  be  considered  as  magnets,  like  the 

tfth  itself. 

If  a  steel  bar  be  supported  on  a  horizontal  axis  passing  exactly  through 

>  centre  of  gravity,  it  will  of  course  remain  equally  balanced  in  any 
ration  in  which  it  may  happen  to  be  placed;  if  the  bar  so  adjusted  be 

•  :n  magnetized,  it  will  be  found  to  take  a  permanent  direction,  the  north 
k  being  downwards,  and  the  bar  making,  in  London,  an  angle  of  about 

,:.  with  a  horizontal  plane  passing  through  the  axis.     This  is  called  the 

*  or  inclination  qT  the  needle,  and  shows  the  direction  in  which  the  force 
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of  terrestrial  magnetism  is  most  energetically  exerted.  The  amount  of  this 
dip  is  different  in  different  latitudes.  Near  the  equator  it  is  very  email, 
the  needle  remaining  nearly  or  quite  horizontal;  as  the  latitude  increase*, 
the  dip  becomes  more  decided;  and  over  the  magnetic  pole  the  bar  becomes 
completely  vertical.  Such  a  situation  is,  in  fact,  to  be  found  in  the  northern 
hemisphere,  considerably  south  of  the  geographical  pole,  on  the  west  coast 
of  Boothia  Felix,  lat.  70°  6'  N.  and  long.  96°  46'  W.  ;  the  dipping-needle 
has  here  been  seen  to  point  directly  downwards,  while  the  horizontal  or 
compass-needle  ceased  to  traverse.  In  the  southern  hemisphere  it  is  the 
south  pole  which  dips.  The  position  of  the  south  magnetic  pole  has  been 
determined  by  the  observations  of  Captain  James  Ross  to  be  about  lat 
73°  S.  and  long.  130°  E. 

By  observing  a  great  number  of  points  near  the  equator  in  which  the 
dip  becomes  reduced  to  nothing,  a  line,  cutting  the  equator  in  two  points, 
may  be  traced  around  the  earth,  called  the  magnetic  equator,  and  on  both 
sides,  a  number  of  smaller  closed  curves  called  lines  of  equal  dip.  These 
lines  present  great  irregularities  when  compared  with  the  equator  itself 
and  the  parallels  of  latitude,  the  magnetic  equator  deviating  from  the  ter- 
restrial one  as  much  as  12°  at  its  point  of  greatest  divergence.  Like  the 
horizontal  declination,  the  dip  is  also  subject  to  change  at  the  same  place. 
Observations  have  not  yet  been  made  during  sufficient  time  to  determine 
accurately  the  law  and  rate  of  alteration,  and  great  practical  difficulties 
exist  also  in  the  construction  of  the  instruments.  In  the  year  1773,  it  was 
about  72°:  in  London  at  the  present  time  it  is  07°  67'. 

The  inductive  power  of  the  magnetism  of  the  earth  may  be  shown  by 
holding  in  a  vertical  position  a  bar  of  very  soft  iron;  the  lower  end  will 
be  found  to  possess  north  polarity,  and  the  upper,  the  contrary  state.  On 
reversing  the  bar,  the  poles  are  also  reversed.  All  masses  of  iron  what- 
ever, when  examined  by  a  suspended  needle,  will  be  found  in  a  state  of 
magnetic  polarity  by  the  influence  of  the  earth;  iron  columns,  tools  in  a 
smith's  shop,  fire-irons,  and  other  like  objects,  are  all  usually  magnetic, 
and  those  made  of  steel  permanently  so.  On  board  ship,  the  presence  of 
so  many  large  masses  of  iron  —  guns,  anchors,  water-tanks,  &c, —  thus 
polarized  by  the  earth,  causes  a  derangement  of  the  compass-needles  to  a 
very  dangerous  extent :  happily  a  plan  has  been  devised  for  determining 
the  amount  of  this  local  attraction  in  different  positions  of  the  ship,  and 
making  suitable  corrections. 

The  mariner's  compass,  which  is  nothing  more  than  a  suspended  needle 
attached  to  a  circular  card  marked  with  the  points,  was  not  in  general  use 
in  Europe  before  the  year  1300,  although  the  Chinese  have  had  it  from  very 
early  antiquity.  Its  value  to  the  navigator  is  now  very  much  increased  by 
correct  observations  of  the  exact  amount  of  the  declination  in  various 
parts  of  the  world. 

Probably  every  substance  in  the  world  contributes  something  to  the 
magnetic  action  of  the  earth ;  for  according  to  the  latest  discoveries  of 
Faraday,  magnetism  is  not  peculiar  to  those  substances  which  have  more 
especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt;  but  it  is  the 
property  of  all  metals,  though  to  a  much  smaller  degree.  Very  powerful 
magnets  are  required  to  show  this  remarkable  fact.  Large  horse-shoe 
magnets,  made  by  the  action  of  the  electric  current,  are  most  proper.  The 
magnetio  action  on  different  substances  which  are  capable  of  being  easily 
moved,  differs  not  only  according  to  the  size,  but  also  according  to  the  na- 
ture of  the  substance.  In  consequence  of  this,  Faraday  divides  all  bodies 
Into  two  classes.  He  calls  the  one  magnetic,  or,  better,  paramagnetic,  and 
the  other  diamagnetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is  attracted 
by  both  poles  of  the  horse-shoe  magnet;  on  the  contrary,  the  matter  of  a 
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diamagnetic  body  is  repelled.  When  a  small  iron  bar  is  hung  by  untwisted 
silk  between  the  poles  of  the  magnet,  so  that  its  long  diameter  can  easily 
more  in  a  horisontal  plane,  it  arranges  itself  axially.  that  is,  parallel  to  the 
straight  line  which  joins  the  poles,  or  to  the  magnetic  axis  of  the  poles; 
assuming  at  the  end  which  is  nearest  the  north  pole,  a  south  pole,  and  at 
the  end  nearest  the  south  pole,  a  north  pole.  Whenever  the  little  bar  is 
remored  from  this  position,  after  a  few  oscillations,  it  returns  again  to  its 
previous  position.  The  whole  class  of  paramagnetic  bodies  behave  in  a 
precisely  similar  way  under  similar  circumstances ;  but  in  the  intensity  of 
the  effects  great  differences  occur. 

Diamagnetic  bodies,  on  the  contrary,  have  their  long  diameters  plnced 
equatorially,  that  is,  at  right  angles  to  the  magnetic  axis.  They  behave, 
as  if  at  the  end  opposite  to  each  pole  of  the  magnet  the  same  kind  of  po- 
larity existed. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best  represen- 
tative of  the  class,  we  have  nickel,  cobalt,  manganese,  chromium,  cerium, 
titanium,  palladium,  platinum,  osmium,  aluminium,  oxygen,  and  also  most 
of  the  compounds  of  these  bodies;  most  of  them,  even  when  in  solution. 
According  to  Faraday,  the  following  substances  are  also  feebly  paramag- 
netic (magnetic) :  paper,  sealing-wax,  Indian-ink,  porcelain,  asbestos, 
fluor-spar,  minium,  cinnabar,  binoxide  of  lead,  sulphate  of  zinc,  tourma- 
line, graphite,  and  charcoal. 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cadmium, 
sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rhodium, 
iridium,  tungsten,  phosphorus,  iodine,  sulphur,  chlorine,  hydrogen,  and 
many  of  their  compounds.  Also,  glass  free  from  iron,  water,  alcohol, 
ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive  oil,  oil  of  turpentine, 
caoutchouc,  sugar,  starch,  gum,  and  wood.     These  are  diamagnetic 

If  diamagnetic  and  paramagnetic  bodies  are  combined,  their  peculiar 
properties  are  destroyed.  In  most  of  these  compounds,  occasionally,  in 
consequence  of  the  presence  of  the  smallest  quantity  of  iron,  the  peculiar 
magnetic  power  remains  more  or  less  in  excess.  Thus  green  bottle-glnss 
and  many  varieties  of  crown  glass  are  magnetic  in  consequence  of  the  iron 
they  contain. 

In  order  to  examine  the  magnetic  properties  of  fluids,  they  are  placed  in 
very  thin  glass  tubes,  the  ends  of  which  are  then  closed  by  melting ;  they 
are  then  hung  horizontally  between  the  poles  of  the  magnet.  Under  the 
influence  of  poles  sufficiently  powerful,  they  begin  to  swing,  and  according 
as  the  fluid  contents  are  paramagnetic  (magnetic)  or  diamagnetic,  they 
assume  an  axial  or  equatorial  position. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  different  ways. 
One  method  consisted  in  making  soap-bubbles  with  the  gas  which  he 
wished  to  investigate,  and  bringing  these  near  the  poles.  Soap  and  water 
alone  is  feebly  diamagnetic.  A  bubble  filled  with  oxygen  was  strongly 
attracted  by  the  magnet.  All  other  gases  in  the  air  are  diamagnetic,  that 
is,  they  are  repelled.  But,  as  Faraday  has  shown,  in  a  different  way,  this 
partly  arises  from  the  paramagnetic  (magnetic)  property  of  the  air.  Thus 
he  found  that  nitrogen,  when  this  differential  action  was  eliminated,  was 
perfectly  indifferent,  whether  it  waB  condensed  or  rarefied,  whether  oooled 
or  heated.  When  the  temperature  is  raised,  the  diamagnetic  property  of 
gases  in  the  air  is  increased.  Hence  the  flame  of  a  candle  or  of  hydrogen 
is  strongly  repelled  by  the  magnet  Even  warm  air  is  diamagnetic  in  cold 
air. 

For  some  time  it  had  been  believed  that  bodies  in  a  crystalline  form  had 
a  special  and  peculiar  behavior  when  placed  between  the  poles  of  a  mag- 
net It  appeared  aB  though  the  magnetio  directing  power  of  the  crystal 
had  some  peculiar  relation  to  the  position  of  its  optio  axis ;  so  that,  inde- 
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pendently  of  the  magnetic  property  of  the  substance  of  the  crystal,  if  the 
crystal  was  positively  optical,  it  possessed  the  power  of  placing  its  optic 
axis  parallel  with  the  line  which  joined  the  poles  of  the  magnet,  while 
optically  negative  crystals  tried  to  arrange  their  axis  at  right  angles  to 
this  line.  This  supposition  is  disproved  by  the  excellent  investigation  of 
Tyndall  and  Knoblauch,  who  showed  that  exceptions  to  the  above  law  Are 
furnished  by  all  classes  of  crystals,  and  proved  that  the  action,  instead  of 
being  independent  of  the  magnetic  nature  of  the  mass,  was  completely  re- 
versed where,  in  isomorphous  crystals,  a  magnetic  constituent  was  substi- 
tuted for  a  diamagnetic  one.  Rejecting  the  various  new  forceB  assumed, 
Tyndall  and  Knoblauch  referred  the  observed  phenomena  to  the  modifi- 
cation of  the  magnetic  force  by  structure,  and  they  imitated  the  effects 
exactly,  by  means  of  substances  whose  structure  had  been  modified  by 
compression.  In  a  later  investigation,  Tyndall  demonstrated  the  funda- 
mental principle  on  which  these  phenomena  depend,  showing  that  the  entire 
mast  of  a  magnetic  body  is  most  strongly  attracted  when  the  attracting 
force  acts  parallel  to  the  line  of  compression;  and  that  a  diamagnetic  sub- 
stance is  most  strongly  repelled  when  the  repulsion  acts  along  the  same 
line.  Hence  when  such  a  body  is  freely  suspended  in  the  magnetie  field, 
the  line  of  compression  must  set  axial  or  equatorial,  according  as  the  mass 
is  magnetic  or  diamagnetic.  Faraday  was  the  first  to  establish  a  differen- 
tial action  of  this  kind  in  the  case  of  bismuth;  Tyndall  extended  it  to 
several  magnetic  and  diamagnetic  crystals,  and  showed  that  it  was  not 
confined  to  them,  but  was  a  general  property  of  matter.  It  was  also 
proved  that  for  a  fixed  distance  the  attraction  of  a  magnetic  sphere,  and 
the  repulsion  of  a  diamagnetic  sphere,  followed  precisely  the  same  law, 
both  being  exactly  proportioned  to  the  square  of  the  exciting  current. 

The  phenomena  of  diamagnetism  naturally  suggest  the  inquiry,  whether 
the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic  bodies  is  a  force 
distinct  from  that  of  magnetism  as  exerted  upon  iron  and  other  bodies  of 
the  magnetic  class;  or  whether,  on  the  other  hand,  the  magnetic  and  dia- 
magnetic conditions  of  matter  are  merely  relative,  so  that  all  bodieB  are 
magnetic  in  different  degrees,  and  the  apparent  repulsion  of  a  diamagnetic 
body,  such  as  bismuth,  is  merely  the  result  of  its  being  attracted  by  the 
magnet  less  than  the  particles  of  the  surrounding  medium,  just  as  a  balloon 
recedes  from  the  earth  because  its  weight  is  less  than  that  of  an  equal  bulk 
of  the  surrounding  air.  It  is  easy  to  show  that  the  same  body  may  appear 
magnetic  or  diamagnetic,  according  to  the  medium  in  which  it  is  placed 
Ferrous  sulphate  is  a  magnetic  substance,  and  water  is  diamagnetic :  hence 
it  is  possible,  by  varying  the  strength  of  an  aqueous  solution  of  this  salt, 
to  make  it  either  magnetic,  indifferent,  or  diamagnetic  when  suspended  in 
air.  Again,  a  tube  containing  a  solution  of  ferrous  protosulphate  suspended 
hori  ion  tally  within  ajar  also  filled  with  a  solution  of  the  same  salt,  and 
placed  between  the  poles  of  two  powerful  electro-magnets,  will  place  itself 
axially  or  equatorially,  according  as  the  solution  contained  in  it  is  stronger 
or  weaker  than  that  in  the  jar.  In  the  same  manner,  then,  we  may  conceive 
that  bismuth  places  itself  equatorially  between  two  magnetic  poles,  because 
it  is  less  magnetic  than  the  surrounding  air.  But  the  diamagnetism  of 
bismuth  and  other  bodies  of  the  same  class  shows  itself  in  a  vacuum  as 
well  as  in  air:  hence,  if  diamagnetism  is  not  to  be  regarded  as  a  distinct 
force,  we  must  suppose  that  the  ether  is  also  magnetic,  and  occupies  in  the 
magnetic  scale  the  place  intermediate  between  magnetic  and  diamagnetic 
bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  susceptibility 
than  itself  will  recede  from  a  magnetic  pole  in  its  neighborhood,  in  con- 
sequence of  the  greater  force  with  which  the  particles  of  the  medium  are 
impelled  towards  the  magnet,  is  so  obvious  a  consequence  of  mechanical 
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laws  that  we  can  scarcely  avoid  attributing  the  movements  of  diamagnetic 
bodies  to  the  cause  just  mentioned ;  at  least,  when  the  body  is  suspended  in 
air  or  other  magnetic  gas.  There  is,  however,  some  difficulty  in  reconciling 
the  above  described  phenomena  of  compressed  and  crystallized  bodies 
with  this  view;  and,  moreover,  Tyndall  has  shown,  by  a  method  which 
we  cannot  here  describe,*  that  diamagnetic  bodies  possess  opposite  poles, 
analogous  to  those  of  magnetic  bodies,  each  of  these  poles  being  attracted 
bj  one  pole  of  a  magnet  and  repelled  by  the  other.  This  polarity  shows 
decidedly  that  the  properties  of  diamagnetic  bodies  cannot  be  wholly  due 
to  the  differential  action  above  mentioned ;  for  if  they  were,  every  part  of 
a  diamagnetic  body  would  be  repelled  by  either  pole  of  a  magnet.  Dia- 
magnetism  must  therefore,  for  the  present  at  least,  be  regarded  as  a  force 
distinct  from  magnetism. 

•  PhiL  Trans^  1856  and  1856.  See  also  Wattf*s  Dictionary  of  Chemistry,  vol.  ill.  p.  776. 
10* 
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ELECTRICITY. 

IF  glass,  amber,  or  sealing-wax  be  rubbed  with  a  dry  cloth,  it  acquires 
the  power  of  attracting  light  bodies,  as  feathers,  dust,  or  bits  of  paper: 
this  is  the  result  of  a  new  and  peculiar  condition  of  the  body  rubbed, 
called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  Bilk,  and  a 
dry  glass  tube,  excited  by  rubbing,  be  presented  to  it,  the  feather  will  be 
strongly  attracted  to  the  tube,  adhere  to  its  surface  for  a  few  seconds,  and 
then  fall  off.  If  the  tube  be  now  excited  anew,  and  presented  to  the  feather, 
the  latter  will  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  Bhellac  or  resin;  the  feather 
in  its  ordinary  state  will  be  drawn  towards  the  excited  body,  and,  after 
touching,  again  driven  from  it  with  a  certain  degree  of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited  glass,  so 
as  to  be  repelled  by  that  substance,  and  let  a  piece  of  excited  sealing-wax 
be  presented  to  it:  a  degree  of  attraction  will  be  observed  far  exceeding 
that  exhibited  when  the  feather  is  in  its  ordinary  state.  Or,  again,  let  the 
feather  be  made  repulsive  for  sealing-wax,  and  then  the  excited  glass  bo 
presented :  strong  attraction  will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the  effects 
described  and  some  of  the  phenomena  of  magnetism,  Hie  electrical  excite- 
ment having  a  twofold  nature,  like  the  opposite  polarities  of  the  magnet. 
A  body  to  which  one  kind  of  excitement  has  been  communicated  is  at- 
tracted by  another  body  in  the  opposite  state,  and  repelled  by  one  in  the 
same  state;  the  excited  glass  and  resin  being  to  each  other  as  the  north 
and  south  poles  of  a  pair  of  magnetized  bars. 

To  distinguish  these  two  different  foruiB  of  excitement,  terms  are  em- 
ployed which,  although  originating  in  some  measure  in  theoretical  views 
of  the  nature  of  the  electrical  disturbance,  may  be  understood  by  the 
student  as  purely  arbitrary  and  distinctive:  it  is  customary  to  call  the 
electricity  manifested  by  glass  rubbed  with  silk  positive  or  vitreous,  and  that 
developed  in  the  case  of  shellac,  and  bodies  of  the  same  class  rubbed  with 
flannel,  negative  or  resinous.  The  kind  of  electricity  depends  in  some  measure 
upon  the  nature  of  the  surface  and  the  quality  of  the  rubber;  smooth  and 
perfectly  clean  glass,  rubbed  with  silk,  becomes  positive,  but  when  ground 
or  roughened  by  sand  or  emery,  it  acquires,  under  the  same  circumstances, 
a  negative  charge.  Glass  dried  over  a  gas  flame  and  rubbed  with  wool  is 
generally  also  negative ;  when  dried  over  a  fire  of  wood-charcoal  it  remains 
positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is  taken  ad- 
vantage of  to  construct  instruments  for  indicating  electrical  excitement  and 
pointing  out  its  kind.  Two  balls  of  elder  pith,  hung  by  threads  or  very 
fine  metal  wires,  serve  this  purpose  in  many  cases:  they  open  out  when 
excited,  in  virtue  of  their  mutual  repulsion,  and  show  by  the  degree  of 
divergence  the  extent  to  which  the  excitement  has  been  carried.  A  pair 
of  gold  leaves  suspended  to  a  metal  rod  having  a  brass  plate  on  its  upper 
end  constitute  a  much  more  delicate  arrangement,  and  one  of  great  value 
in  all  electrical  investigations.     The  rod  should  be  covered  with  a  tbick 
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coating  of  shellac,  and  it  must  be  fastened  by  means  of  a  cork,  air-tight, 
into  a  glass  flask.  The  flask  must  have  been  perfectly  dried  previously  by 
warming  it.     These  instruments  are  called  electroscopes  or  electrometers : 

Fig.  75.  Fig.  76. 


when  excited  by  the  communication  of  a  known  kind  of  electricity,  they 
show  by  an  increased  or  diminished  divergence,  the  state  of  an  electrified 
body  brought  into  their  neighborhood. 

One  kind  of  electricity  can  no  more  be  developed  without  the  other  than 
one  kind  of  magnetism:  the  rubber  and  the  body  rubbed  always  assume 
opposite  states,  and  the  positive  condition  on  the  surface  of  a  mass  of  matter 
is  invariably  accompanied  by  a  negative  state  in  all  surrounding  bodies. 

Fig.  77. 


The  induction  of  magnetism  in  soft  iron  has  its  exact  counterpart  in 
electricity :  a  body  already  electrified  disturbs  or  polarizes  the  particles 
of  all  surrounding  substances  in  the  same  manner  and  according  to  the 
nme  law,  inducing  a  state  opposite  to  its  own  in  the  nearer  portions, 
tad  a  similar  state  in  the  more  remote  parts.  A  series  of  globes  sus- 
pended by  silk  threads,  in  the  manner  represented  in  fig.  77,  will  each 
become  electric  by  induction  when  a  charged  body  is  brought  near  the  end 
of  the  series,  like  so  many  pieces  of  iron  in  the  vicinity  of  a  magnet,  the 
positive  half  of  each  globe  looking  in  one  and  the  same  direction,  and  the 
negative  half  in  the  opposite  one.  The  positive  and  negative  signs  are 
intended  to  represent  the  states. 

The  intensity  of  the  induced  electrical  disturbance  diminishes  with  the 
distance  from  the  charged  body ;  if  this  be  removed  or  discharged,  all  the 
effects  cease  at  once. 

So  far,  the  greatest  resemblance  may  be  traced  between  these  two  sets 
of  phenomena;  but  here  it  seems  in  great  measure  to  cease.  The  magnetic 
polarity  of  a  piece  of  steel  can  awaken  polarity  in  a  second  piece  in  con- 
tact with  it  by  the  act  of  induction,  and  in  so  doing  loses  nothing  whatever 
of  its  power:  this  is  an  effect  completely  different  from  the  apparent 
transfer  or  discharge  of  electricity  constantly  witnessed,  which  in  the  air 
and  in  liquids  often  gives  rise  to  the  appearance  of  a  bright  spark  of  fire. 
Indeed,  ordinary  magnetic  effects  comprise  two  groups  of  phenomena  only, 
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those,  namely,  of  attraction  and  repulsion,  and  those  of  induction.  But 
in  electricity,  in  addition  to  phenomena  very  closely  resembling  these,  we 
have  the  effects  of  discharge,  to  which  there  is  nothing  analogous  in  magnetism, 
and  which  takes  place  in  an  instant  when  any  electrified  body  is  put  in 
communication  with  the  earth  by  any  one  of  the  class  of  substances  called 
conductors  of  electricity,  all  signs  of  electrical  disturbance  then  ceasing. 

These  conductors  of  electricity,  which  thus  permit  discharge  to  take 
place  through  their  mass,  are  contrasted  with  another  class  of  substances 
called  non-conductors  or  insulators.  The  difference,  however,  is  only  one 
of  degree,  not  of  kind:  the  very  best  conductors  offer  a  certain  resistance 
to  the  electrical  discharge,  and  the  most  perfect  insulators  permit  it  to  a 
small  extent.  The  metals  are  by  far  the  best  conductors;  glass,  silk, 
shellac,  and  dry  gas  or  vapor  of  any  sort,  the  very  worst;  and  between 
these  there  are  bodies  of  all  degrees  of  conducting  power. 

Electrical  discharges  take  place  silently  and  without  disturbance  in  good 
conductors  of  sufficient  size.  But  if  the  charge  be  very  intense,  and  the 
conductor  very  small,  or  imperfect  from  its  nature,  it  is  often  destroyed 
with  violence. 

When  a  break  is  made  in  a  conductor  employed  in  effecting  the  discharge 
of  a  highly  excited  body,  disruptive  or  spark-discharge,  so  well  known, 
takes  place  across  the  intervening  air,  provided  the  ends  of  the  conductor 
be  not  too  distant.  The  electrical  spark  itself  presents  many  points  of 
interest  in  the  modifications  to  which  it  is  liable. 

The  time  of  transit  of  the  electrical  wave  through  a  chain  of  good  con- 
ducting bodies  of  great  length  is  so  minute  as  to  be  altogether  inappreci- 
able to  ordinary  means  of  observation.  Professor  Wheatst one's  very  in- 
genious experiments  on  the  subject  give,  in  llie  instance  of  motion  through 
a  cupper  wire,  a  velocity  surpassing  thai  of  light. 

Fiff.  T8. 


Electrical  excilalma  is  apparrni  only  Upon  the  surfaces;  of  conductors, 
or  thuHC  porl ions  directed  towards  other  objects  capable  of  assuming  the 
opposite  state.  An  insulated  brill  charged  with  positive  electricity,  and 
placed  its  the  centre  of  I  he  room,  h  maintained  in  that  state  by  the  induc- 
tive action  of  the  wall?  of  the  apart  merit,  which  immediately  become  ncga- 
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lively  electrified :  in  the  interior  of  the  ball  there  is  absolutely  no  electricity 
to  be  found,  although  it  may  be  constructed  of  open  metal  gauze,  with 
meshes  half  an  inch  wide.  Even  on  the  surface  the  distribution  of  elec- 
trical force  is  not  always  the  same ;  it  depends  upon  the  figure  of  the  body 
itself,  and  its  position  with  regard  to  surrounding  objects.  The  polarity 
is  always  highest  in  the  projecting  extremities  of  the  same  conducting  mass, 
and  greatest  of  all  when  these  are  attenuated  to  points;  in  which  case  the 
inequality  becomes  so  great  that  discharge  takeB  place  to  the  air,  and  the  ex- 
cited condition  cannot  be  maintained. 

By  the  aid  of  these  principles,  the  construction  and  use  of  the  common 
electrical  machine,  and  other  pieces  of  apparatus  of  great  practical  utility, 
will  become  intelligible. 

A  glass  cylinder  (fig.  78)  is  mounted  with  its  axis  in  a  horizontal  position, 
and  provided  with  a  handle  or  winch  by  which  it  may  be  turned.  A  leather 
cushion  is  made  to  press  by  a  spring  against  one  side  of  the  cylinder, 
while  a  large  metal  conducting  body,  armed  with  a  number  of  points  next 
the  glass,  occupies  the  other:  both  cushion  and  conductor  are  insulated  by 
glass  supports,  and  to  the  upper  edge  of  the  former  a  piece  of  Bilk  is  at- 
tached, long  enough  to  reach  half  round  the  cylinder.  Upon  the  cushion  is 
spread  a  quantity  of  soft  amalgam  of  tin,  sine,  and  mercury,*  mixed  up 
with  a  little  grease:  this  substance  is  found  by  experience  to  excite  glass 
most  powerfully.  The  cylinder,  as  it  turns,  thus  becomes  charged  by  fric- 
tions against  the  rubber,  and  as  quickly  discharged  by  the  row  of  points 
attached  to  the  great  conductor ;  and  as  the  latter  is  also  completely  insu- 
lated, its  surface  speedily  acquires  a  charge  of  positive  electricity,  which 
may  be  communicated  by  contact  to  other  insulated  bodies.  The  maximum 
effect  is  produced  when  the  rubber  is  connected  by  a  chain  or  wire  with  the 


earth.    If  negative  electricity  be  wanted,  the  rubber  must  be  insulated  and 
the  conductor  discharged. 

*  |P""t  tin-  1  sine*  a»d  •  mercury.    An  amalgam  of  permanent  softness  and  great  efficacy  Is 
*™|*  by  mixing  66  parts  mercury,  24  tin,  and  11  sine.    It  is  better  applied  to  «ilk  than  to 
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Another  form  of  the  electrical  machine  consists  of  a  circular  plate  of 
glass  (fig.  79)  moving  upon  an  axis,  and  provided  with  two  pairs  of  cush- 
ions or  rubbers,  attached  to  the  upper  and  lower  parts  of  the  wooden 
frame,  covered  with  amalgam,  between  which  the  plate  moves  with  con- 
siderable friction.  An  insulated  conductor,  armed  as  before  with  points, 
discharges  the  plate  as  it  turns,  the  rubber  being  at  the  same  time  con- 
nected with  the  ground  by  the  wood-work  of  the  machine,  or  by  a  strip  of 
metal.  This  modification  of  the  apparatus  is  preferred  in  all  cases  where 
considerable  power  is  wanted. 

In  the  practical  management  of  electrical  apparatus,  great  care  must  be 
taken  to  prevent  deposition  of  moisture  from  the  air  upon  the  surface  of 
the  glass  supports,  which  should  always  be  varnished  with  fine  lac  dissolved 
in  alcohol ;  the  slightest  film  of  water  is  sufficient  to  destroy  the  power  of 
insulation.  The  rubbers  also  must  be  carefully  dried,  and,  like  the  plate, 
cleansed  from  adhering  dust  before  use,  and  the  amalgam  renewed  if  need- 
ful: in  damp  weather  much  trouble  is  often  experienced  in  bringing  the 
machine  into  powerful  action. 

When  the  conductor  of  the  machine  is  charged  with  electricity,  it  acts  in- 
directly on,  and  accumulates  the  contrary  electricity  to  its  own,  at  the  sur- 
face of  all  the  surrounding  conductors.  It  produces  the  greatest  effect  on 
the  conductor  that  is  nearest  to  it  and  is  in  the  best  connection  with  the 
ground,  whereby  the  electricity  of  the  same  kind  as  that  of  the  machine 
may  pass  to  the  earth.  As  the  inducing  electricity  attracts  the  induced 
electricity  of  an  opposite  kind,  so,  on  the  other  hand,  is  the  former  attracted 
by  the  latter.  Hence,  the  electricity  which  the  conductor  receives  from 
the  machine  must  especially  accumulate  at  that  spot  to  which  another  good 
conductor  of  electricity  is  opposed.  If  a  metal  disc  is  in  connection  with 
the  conductor  of  a  machine,  and  if  another  similar  disc,  which  is  in  good 
connection  with  the  earth,  is  placed  opposite  to  it,  we  have  an  arrange- 
ment by  which  tolerably  lnrge  and  good  conducting  surfaces  can  be  brought 
close  to  one  another:  thus  the  positive  condition  of  the  first  disc,  as  well 
as  the  negative  condition  of  the  other,  must  be  increased  to  a  very  con- 
siderable degree:  the  limit  is  in  this  case,  however,  soon  reached,  because 
the  intervening  air  easily  permits  spark-discharge  to  take  place  through 
its  substance.  With  a  solid  insulating  body,  as  glass  or  lac,  this  happens 
with  much  greater  difficulty,  even  when  the  plate  of  insulating  matter  is 
very  thin.  It  is  on  this  principle  that  instruments  for  the  accumulation  of 
electricity  depend,  among  which  the  Leyden  jar  is  the  most  important. 

A  thin  glass  jar  is  coated  on  both  sides  with  tinfoil,  care 
Fig.SQ.  being  taken  to  leave  several  inches  of  the  upper  part  un- 

covered (fig-  #ft) ;  ft  wire,  terminating  in  ft  metallic  knob, 
communicate*  with  the  internal  coating.  When  the  out- 
bUU  of  the  jsir  ii  connected  with  Ihe  earth,  and  the  knob 
put  in  contact  with  the  conductor  of  the  machine,  the 
inner  si  ml  outer  surfaces  of  the  glass  become  respectively 
positive  and  negative,  until  a  very  great  degree  of  in- 
tensity lia«  been  tit  mined.  On  completing  the  connec- 
tion between  the  two  coolings  by  a  metallic  wire  or  rod, 
discharge  occurs  in  the  form  of  nn  eseeedingly  bright 
spark,  accompanied  by  n  loud  snap;  and  if  the  human 
body  lie  interposed  in  the  circuit,  the  peculiar  and  dis- 
agreeable senptiUon  of  the  electric  shock  is  felt  at  the 
moment  of  its  completion. 
By  enlarging  the  dimensions  of  the  Jurr  or  by  connecting  together  a  num- 
ber of  ftuchjar*  In  such  a  maimer  that  nil  tvwy  b*  charged  and  discharged 
simultaneously,  the  power  of  .v  he  gi-ently  augmented. 

Thin  wires  of  »cr»i  > ■>■< \  n ■•  i  cf  wood  may  be 
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shattered ;  many  combustible  substances  set  on  fire ;  and  all  the  well-known 
effects  of  lightning  exhibited  upon  a  small  scale. 

The  electric  spark  is  often  very  conveniently  employed  in  chemical 
inquiries  for  firing  gaseous  mixtures  in  closed  vessels.  A  small  Leyden  jar 
charged  by  the  machine  is  the  most  effective  contrivance  for  this  purpose; 
but,  not  unfrequently,  a  method  may  be  resorted  to  which  involves  less 
preparation.  The  most  convenient  means  of  generating  electricity  is  that 
proposed  by  Btinsen.  A  large  porcelain  tube,  which  is  dry  and  warm,  is 
wrapped  round  and  rubbed  briskly  by  a  dry  silken  cloth.  After  each  rub 
the  tube  is  brought  in  the  immediate  neighborhood  of  the  knob  of  a  small 
Leyden  jar,  the  outer  coating  of  this  vessel  being  in  connection  with  the 
earth.  The  electrophorus  is  also  frequently  used  for  this  purpose.  This 
instrument  consists  of  a  round  tray  or 
dish  of  tinned  plate,  having  a  stout  wire  -flfr.  81. 

round  its  upper  edge ;  the  width  may  be 
about  twelve  inches,  and  the  depth  half 
an  inch.  This  tray  is  filled  with  melted 
shellac,  and  the  surface  rendered  as  even 
as  possible.  A  brass  disc,  with  rounded 
edge,  of  about  nine  inches  diameter,  is 
also  provided,  and  fitted  with  an  insulat- 
ing handle.  When  a  spark  is  wanted,  the 
resinous  plate  is  excited  by  striking  it 
with  a  dry,  warm  piece  of  fur,  or  a  silk 
handkerchief;  the  cover  is  placed  upon  it,  and  touched  by  the  finger,  to* 
gether  with  the  rim  of  the  plate.  When  the  cover  is  raised,  it  is  found  so 
strongly  charged  by  induction  with  positive  electricity,  as  to  give  a  bright 
spark;  and,  as  the  resin  is  not  discharged  by  the  cover,  which  merely 
touches  it  at  a  few  points,  sparks  may  be  drawn  as  often  as  may  be  wished. 

It  is  not  known  to  what  cause  the  disturbance  of  the  electrical  equili- 
brium of  the  atmosphere  is  due:  experiment  has  shown  that  the  higher 
regions  of  the  air  are  usually  in  a  positive  state,  the  intensity  of  which 
reaches  a  maximum  at  a  particular  period  of  the  day.  In  cloudy  and 
stormy  weather  the  distribution  of  the  atmospheric  electricity  becomes 
much  deranged,  clouds  near  the  surface  of  the  earth  often  appearing  in  a 
negative  state. 

The  circumstances  of  a  thunder-storm  exactly  resemble  those  of  the 
charge  and  discharge  of  a  coated  plate  or  jar ;  the  cloud  and  the  earth 
represent  the  two  coatings,  and  the  intervening  air  the  bad  conducting 
body  or  dielectric.  The  polarities  of  the  opposed  surface  and  of  the  in- 
sulating medium  between  them  become  raised  by  mutual  induction,  until 
violent  disruptive  discharge  takes  place  through  the  air  itself,  or  through 
any  other  bodies  which  may  happen  to  be  in  the  interval.  When  these 
are  capable  of  conducting  freely,  the  discharge  is  silent  and  harmless;  but 
in  other  cases  it  often  proves  highly  destructive.  These  dangerous  effects 
are  now  in  a  great  measure  obviated  by  the  use  of  lightning-rods  attached 
to  bnildings,  the  erection  of  which,  however,  demands  a  number  of  pre- 
cautions not  always  understood  or  attended  to.  The  masts  of  ships  may 
he  guarded  in  like  manner  by  metal  conductors:  Sir  W.  Snow  Harris  has 
devised  a  most  ingenious  plan  for  the  purpose,  which  is  now  adopted,  with 
the  most  complete  success,  in  the  Royal  Navy. 

ELECTRIC  CURRENT;  ELECTRIC  BATTERY. 

When  two  solid  conducting  bodies  are  plunged  into  a  liquid  which  acts 
upon  them  unequally,  the  electric  equilibrium  is  also  disturbed,  the  one 
totalling  the  positive  condition,  and  the  other  the  negative.     Thus,  pieces 
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of  sine  and  platinum  put  into  dilute  sulphuric  acid,  constitute  an  arrange- 
ment capable  of  generating  electrical  force:  the  sine  being  the  metal  at- 
tacked, becomes  negative ;  and  the  platinum  remaining  unaltered,  assumes 
the  positive  condition;  and  on  making  a  metallic  communication  in  any 
way  between  the  two  plates,  discharge  ensues,  as  when  the  two  surfaces 
of  a  coated  and  charged  jar  are  put  into  connection. 

No  sooner,  however,  has  this  occurred,  than  the  disturbance  is  repeated; 
and  as  these  successive  charges  and  discharges  take  place  through  the  fluid 
and  metals  with  inconceivable  rapidity,  the  result  is  an  apparently  con- 
tinuous action,  to  which  the  term  electrical  current  is  given. 

It  is  necessary  to  guard  against  the  idea,  which  the  term  naturally  sug- 
gests, of  an  actual  bodily  transfer  of  something  through  the  substance  of 
the  conductors,  like  water  through  a  pipe:  the  real  nature  of  all  these 
phenomena  is  entirely  unknown,  and  may  perhaps  remain  so ;  the  expres- 
sion is  convenient  notwithstanding,  and  consecrated  by  long  use;  and  with 
this  caution,  the  very  dangerous  error  of  applying  figurative  language  to 
describe  an  effect,  and  then  seeking  the  nature  of  the  effect  from  the 
common  meaning  of  words,  may  be  avoided. 

The  intensity  of  the  electrical  excitement  developed  by  a  single  pair 
of  metals  and  a  liquid  is  too  feeble  to  affect  the  most  delicate  gold-leaf 
electroscope;  but,  by  arranging  a  number  of  such  alternations  in  a  con- 
nected series,  in  such  a  manner  that  the  direction  of  the  current  shall  be 
the  same  in  each,  the  intensity  may  be  very  greatly  exalted.  The  two  in- 
struments  invented  by  Volta,  called  the  pile  and  crown  of  cups,  depend 
upon  this  principle. 

Upon  a  plate  of  sine  is  laid  a  piece  of  cloth,  rather  smaller  than  itself, 
steeped  in  dilute  acid,  or  any  liquid  capable  of  exerting  chemical  action 
upon  the  zinc ;  upon  this  is  placed  a  plate  of  copper, 
silver,  or  platinum;  then  a  second  piece  of  sine,  another 
cloth,  and  a  plate  of  inactive  metal,  until  a  pile  of  about 
twenty  alternations  has  been  built  up.  If  the  two  termi- 
nal plates  be  now  touched  with  wet  hands,  the  sensation 
of  the  electrical  shock  will  be  experienced ;  but,  unlike 
the  momentary  effect  produced  by  the  discharge  of  a  jar, 
the  sensation  can  be  repeated  at  will  by  repeating  the 
contact,  and  with  a  pile  of  one  hundred  such  pairs,  excited 
by  dilute  acid,  it  will  be  nearly  insupportable.  'When 
such  a  pile  is  insulated,  the  two  extremities  exhibit  strong 
positive  and  negative  states;  and  when  connection  is 
made  between  them  by  wires  armed  with  points  of  hard 
charcoal  or  plumbago,  the  discharge  takes  place  in  the 
form  of  a  bright  enduring  spark  or  stream  of  fire. 
The  second  form  of  apparatus,  or  crown  of  cups,  is  precisely  the  same 
in   principle,  although  different  in  appearance.     A  number  of  cups  or 
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glasses  are  arranged  in  a  row  or  circle,  each  containing  a  piece  of  active 
and  a  piece  of  inactive  metal,  and  a  portion  of  exciting  liquid  —  zinc,  cop- 
per, and  dilate  sulphuric  acid,  for  example.  The  copper  of  the  first  cup 
is  connected  with  the  zinc  of  the  second,  the  copper  of  the  second  with 
the  zinc  of  the  third,  and  so  to  the  end  of  the  series.  On  establishing  a 
communication  between  the  first  and  last  plates  by  means  of  a  wire,  or 
otherwise,  discharge  takes  place  as  before. 

When  any  such  electrical  arrangement  consists  merely  of  a  single  pair 
of  conductors  and  an  interposed  liquid,  it  is  called  a  simple  circuit ;  when 
two  or  more  alterations  are  concerned,  the  term  "compound  circuit1'  is 
applied:  they  are  called  also,  indifferently,  voltaic  batteries.  In  every 
form  of  such  apparatus,  however  complex  it  may  appear,  the  direction  of 
the  current  may  be  easily  understood  and  remembered.  The  polarity  or 
disturbance  may  be  considered  to  commence  at  the  surface  of  the  metal 
attacked,  and  to  be  propagated  through  the  liquid  to  the  inactive  conductor, 
aad  thence  back  again  by  the  connecting  wire,  these  extremities  of  the 
battery  being  always  respectively  negative  and  positive  when  the  appara- 
tus is  insulated.  In  common  language,  it  is  said  that  the  current  in  every 
battery  in  an  active  state  starts  from  the  metal  attacked,  passes  through 
the  liquid  to  the  second  metal  or  conducting  body,  and  returns  by  the  wire 
or  other  channel  of  communication :  hence,  in  the  pile  and  crown  of  cups 
just  described,  the  current  in  the  battery  is  always  from  the  zinc  to  the 
copper;  and  cut  of  the  battery,  from  the  copper  to  the  zinc,  as  shown  by 
the  arrows. 

In  the  modification  of  Volta's  original  pile,  made  by  Mr.  Cruiksbank, 
the  zinc  and  copper  plates  are  soldered  together  and  cemented  water-tight 
into  a  mahogany  trough,  which  thus  becomes  divided  into  a  series  of  cells 
or  compartments  capable  of  receiving  the  exciting  liquid.  This  apparatus 
is  well  fitted  to  exhibit  effects  of  tension,  to  act  upon  the  electroscope,  and 
give  shocks:  hence  its  advantageous  employment  in  the  application  of 
electricity  to  medicine,  as  a  very  few  minutes  suffice  to  prepare  it  for  use. 

Fig.  84. 


The  crown  of  cups  was  also  put  into  a  much  more  manageable  form  by  Dr. 
Babtngtoa,  and  still  further  improved,  as  will  hereafter  be  seen,  by  Dr. 
Wollaston.  Subsequently,  various  alterations  have  been  made  by  different 
experimenters  with  a  view  of  obviating  certain  defects  in  the  common 
batteries,  of  which  a  description  will  be  found  towards  the  middle  of  the 
volume. 

The  term  "  galvanism,"  sometimes  applied  to  this  branch  of  electrical 
science,  is  used  in  honor  of  Professor  Galvani,  of  Bologna,  who,  in  1790, 
made  the  very  curious  observation  that  convulsions  could  be  produced  in 
the  limbs  of  a  dead  frog  when  certain  metals  were  made  to  touch  the  nerve 
»nd  muscle  at  the  same  moment.  It  was  Volta,  however,  who  pointed  out 
the  electrical  origin  of  these  motions ;  and  although  the  explanation  he 
offered  of  the  source  of  the  electrical  disturbance  is  no  longer  generally 
adopted,  his  name  is  very  properly  associated  with  the  invaluable  instru- 
ment his  genius  gave  to  science. 

In  the  year  1822,  Professor  Seebeck,  of  Berlin,  discovered  another  source 
©f  electricity,  to  which  allusion  has  already  been  made  —  namely,  in- 
equality of  temperature  and  conducting  power  in  different  metals  placed 
11 
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in  contact,  or  in  the  same  metal  in  different  states  of  compression  and 
density.  Even  with  a  great  number  of  alternations,  the  current  produced 
is  exceedingly  feeble  compared  with  that  generated  by  the  voltaio  pile. 

Some  animals  of  the  class  of  fishes,  as  the  torpedo  or  electric  ray,  and  the 
electric  eel  of  South  America,  are  furnished  with  a  special  organ  or  appa- 
ratus for  developing  electrical  force,  which  is  employed  in  defence,  or  in 
the  pursuit  of  prey.  Electricity  is  here  seen  to  be  closely  connected  with 
nervous  power:  the  shock  is  given  at  the  will  of  the  animal,  and  great  ex- 
haustion follows  repeated  exertion  of  the  power. 

XLBCTHO-HAONXTI8M;  INDUCTION. 

Although  the  fact  that  electricity  is  capable,  under  certain  circum- 
stances, both  of  inducing  and  of  destroying  magnetism,  has  long  been  known 
from  the  effects  of  lightning  on  the  compass-needle  and  upon  small  steel 
articles,  as  knives  and  forks,  to  which  polarity  has  suddenly  been  given 
by  the  stroke,  it  was  not  till  1819  that  the  laws-of  these  phenomena  were 
discovered  by  Oersted,  of  Copenhagen,  and  shortly  afterwards  fully  devel- 
oped by  Ampere. 

The  action  whioh  a  current  of  electricity,  proceeding  from  any  source, 
exerts  upon  a  magnetiied  needle,  ib  quite  peculiar.  The  poles  or  centres 
of  magnetic  foroe  are  neither  attracted  nor  repelled  by  the  wire  carrying 
the  current,  but  made  to  move  around  the  latter  by  a  force  which  may  be 
termed  tangential,  and  is  exerted  in  a  direction  perpendicular  at  once  to 
that  of  the  current,  and  to  the  line  joining  the  pole  and  the  wire.  Both 
poles  of  the  magnet  being  thus  acted  upon  at  the  same  time,  and  in  con- 
trary directions,  the  needle  is  forced  to  arrange  itself  across  the  current, 
so  that  its  axis,  or  the  line  joining  the  poles,  may  be  perpendicular  to  the 
wire ;  and  this  is  always  the  position  which  the  needle  will  assume  when 
the  influence  of  terrestrial  magnetism  is  in  any  way  removed.  This  curious 
angular  motion  may  even  be  shown  by  suspending  a  magnet  in  such  a 
way  that  only  one  of  its  poles  shall  be  subjected  to  the  current ;  a  perma- 
nent movement  of  rotation  will  continue  as  long  as  the  current  is  kept  up, 
its  direction  being  changed  by  altering  the  pole,  or  reversing  the  current. 
The  movable  connections  are  made  by  mercury,  into  whioh  the  points  of 
the  conducting  wires  dip. 

It  iB  often  of  great  practical  consequence  to  be  able  to  predict  the  di- 
rection in  which  a  particular  pole  shall  move  by  a  given  current,  because 
in  all  galvanoscopes  and  other  instruments  involving  these  principles,  the 
movement  of  the  needle  is  taken  as  an  indication  of  the  direction  of  the  cir- 
culating current.  And  this  is  easily  done  by  a  simple  mechanical  aid  to 
the  memory:     Let  the  current  be  supposed  to  pass  through  a  watch  from 

the  face  to  the  back;  the  motion  of  the 
Jty-86*  north  pole  will  be  in  the  direction  of  the 

hands.  Or  a  little  piece  of  apparatus 
may  be  used  if  referenoe  is  often  required  ; 
this  is  a  piece  of  pasteboard,  or  other 
suitable  material,  cut  into  the  form  of  an 
arrow  for  indicating  the  current,  crossed 
by  a  magnet  having  its  poles  marked,  and 
arranged  in  the  true  position  with  respect 
to  the  current.  The  direction  of  the  lat- 
ter in  the  wire  of  the  galvanoscope  can  at  once  be  known  by  placing  the 
representative  magnet  in  the  direction  assumed  by  the  needle  itself. 

The  common  galvanoscope  (fig.  86),  consisting  of  a  coil  of  wire  having 
a  compass-needle  suspended  on  a  point  within  it,  is  greatly  improved  by  the 
addition  of  a  second  needle,  as  already  in  part  described  (p.  102),  and  by 
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a  better  mode  of  suspension,  a  long  fibre  of  silk  being  used  for  the  purpose. 
The  two  needles  are  of  equal  size,  and  magnetized  as  nearly  as  possible 
to  the  same  extent;  they  are  then  immovably  fixed  together  parallel,  and 


Fig.  86. 


Fig.  87. 


with  their  poles  opposed,  and  hang  with  the  lower  needle  in  the  coll  and 
the  upper  one  above  it.  The  advantage  gained  is  twofold :  the  system  is 
ocfetiie,  unaffected,  or  nearly  so,  by  the  magnetism  of  the  earth ;  and  the 
needles,  being  both  acted  upon  in  the  same  manner  by  the  current,  are 
urged  with  much  greater  force  than  one  alone  would  be,  all  the  actions  of 
every  part  of  the  coil  being  strictly  concurrent.  A  divided  circle  is  placed 
below  the  upper  needle,  by  which  the  angular  motion  can  be  measured ; 
and  the  whole  is  enclosed  in  glass,  to  shield  the  needles  from  the  agitation 
of  the  air.     The  whole  is  shown  in  fig.  86. 

The  action  between  the  pole  and  the  wire  is  mutual,  as  may  be  shown 
by  rendering  the  wire  itself  movable,  and  placing  a  magnet  in  its  vicinity : 
on  completing  the  circuit,  the  wire  will  be  put  in  motion,  and,  if  the 
arrangement  permits,  it  will  rotate  around  the  magnetic  pole. 

A  little  consideration  will  show  that,  from  the  peculiar  nature  of  the 
electro-dynamic  force,  a  wire  carrying  a  current,  bent  into  a  spiral  or  helix, 
must  possess  the  properties  of  an  ordinary  mag- 
netized bar,  its  extremities  being  attracted  and 
repelled  by  the  poles  of  a  magnet.  Such  is  really 
found  to  be  the  case,  as  may  be  proved  by  a  va- 
riety of  arrangements,  among  which  it  will  be 
ndncient  to  cite  the  beautiful  little  apparatus  of 
Professor  de  la  Rive.  A  short  wide  glass  tube  is 
fixed  into  a  cork  ring  of  considerable  size  (fig.  87); 
ft little  voltaic  battery,  consisting  of  a  single  pair 
of  copper  and  sine  plates,  is  fitted  to  the  tube, 
tnd  to  these  the  ends  of  the  spiral  are  soldered. 
0*  filling  the  tube  with  dilute  acid,  and  floating 
the  whole  in  a  large  basin  of  water,  the  helix  will 
he  observed  to  arrange  itself  in  the  magnetic  meridian,  and  on  trial  it  will 
be  feud  to  obey  a  magnet  held  near  it  in  the  most  perfect  manner,  as  long 
m  tat  current  circulates. 

vhen  an  electric  current  is  passed  at  right  angles  to  a  piece  of  iron  or 
**el  the  latter  acquires  magnetic  polarity,  either  temporary  or  permanent, 
u  fo  ease  may  be,  the  direction  of  the  current  determining  the  position 
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siderably  improved  within  the  last  few  years.  Ruhmkorff  especially,  by  a 
more  perfect  isolation  of  the  wire  coils,  has  succeeded  to  a  much  greater 
extent  in  preserving  the  electrical  induction.     He  has  thus  obtained  a  state 

Fig.  90. 


of  electrical  tension  which  resembles  that  produced  by  frictional  electricity ; 
the  spark  is  capable  of  crossing  the  air  in  measurable  distances,  not  in 
isolated  discharges,  but  in  streams  of  brilliant  light  The  shocks  of  this 
apparatus  resemble  those  of  a  moderate  Leyden  jar,  but  differ  from  the 
latter  by  the  rapidity  with  which  they  may  be  repeated  at  pleasure.  By 
means  of  Ruhmkorff 's  coil,  Grove  has  lately  effected  decompositions  in 
water  and  other  bad  conducting  liquids,  which  resemble  those  obtained 
many  years  ago  by  Wollaston  by  means  of  the  electrical  machine.  Those 
phenomena  of  decomposition,  which  in  water,  for  instance,  furnish  oxygen 
and  hydrogen  at  the  same  pole,  must  be  distinguished  from  true  electrical 
decompositions ;  they  are,  in  fact,  effects  of  heat,  as  Grove  has  pointed  ouL 

ELECTRICITY  OF  VAPOR. 

The  electricity  exhibited  under  certain  peculiar  circumstances  by  a  jet 
of  steam,  first  observed  by  mere  accident,  but  since  closely  investigated  by 
Sir  W.  Armstrong,  and  also  by  Faraday,  is  now  referred  to  the  friction, 
not  of  the  pure  steam  itself,  but  of  particles  of  condensed  water,  against 
the  interior  of  the  exit-tube.  It  has  been  proved  with  certainty  in  the  last 
few  years  that  evaporation  alone  is  not  cspable  of  disturbing  the  electrical 
equilibrium,  and  the  hope  first  entertained,  that  these  phenomena  would 
throw  light  upon  the  cause  of  electrical  excitement  in  the  atmosphere,  is 
now  abandoned.  The  steam  is  usually  positive,  if  the  jet-pipe  be  constructed 
of  wood  or  clean  metal,  but  the  introduction  of  the  smallest  trace  of  oily 
matter  causes  a  change  of  sign.  The  intensity  of  the  charge  is,  cmteri* 
paribus,  increased  with  the  elastic  force  of  the  steam.  By  this  means 
effects  have  been  obtained  very  far  surpassing  those  of  the  most  powerful 
plate  electrical  machines  ever  constructed. 

Although  no  electricity  can  be  directly  evolved  by  evaporation,  yet  va- 
por possesses  in  a  high  degree  the  property  of  discharging  into  the  at- 
mosphere that  electricity  which  often  accumulates  in  bodies  from  which  it 
arises.  The  fresh  branches  and  leaves  of  trees  do  this  to  the  greatest  ex- 
tent. When  moistened  with  rain  or  dew,  their  surfaces  become  positively 
electrical,  whilst  the  internal  parts,  even  to  the  roots,  become  negatively 
electrical. 


PART  II. 

CHEMISTRY  OP  ELEMENTARY  BODIES. 


THE  term  element  or  elementary  subelance  is  applied  in  chemistry  to  those 
forms  of  modifications  of  matter  which  hare  hitherto  resisted  all  at- 
tempts to  decompose  them.  Nothing  is  ever  meant  to  be  affirmed  concern- 
ing their  real  nature;  they  are  simply  elements  to  us  at  the  present  time; 
hereafter,  by  new  methods  of  research,  or  by  new  combinations  of  those 
already  possessed  by  science,  many  of  the  substances  which  now  figure  as 
elements  may  possibly  be  shown  to  be  compounds;  this  has  already  hap- 
pened, and  may  again  take  place. 

The  elementary  bodies,  at  present  recognised,  amount  to  sixty-four  in 
number;  of  these,  about  fifty  belong  to  the  class  of  metals.  Several  of 
these  are  of  recent  discovery,  and  as  yet  very  imperfectly  known.  The 
distinction  between  metals  and  non-metallic  substances,  or  metalloids,  al- 
though very  convenient  for  purposes  of  description,  is  entirely  arbitrary, 
since  the  two  classes  graduate  into  each  other  in  the  most  complete  manner. 

It  will  be  proper  to  commence  with  the  latter  and  less  numerous  division. 
The  elements  are  named  as  in  the  subjoined  table,  the  most  important  be- 
ing distinguished  by  the  largest  and  most  conspicuous  type,  those  next  in 
importance  by  medium  type,  whilst  the  names  of  elements  which  are  either 
of  rare  occurrence,  or  of  which  our  knowledge  is  very  imperfect,  are 
printed  in  the  smallest  type. 

MTALLOIDS.  METALS. 

Boso*. 
BBOKTJTB. 
CAUOV. 
CHLORINE. 

fluorine. 

hydbogen. 

iomne. 

UTROGEN. 

OXYGEN. 

PHOSPHORUS. 

Selenium. 
JUICIUIL 
StilFEITfi. 
TeUariuia. 


aluminium. 

Antimony. 

Arsenic. 

Babium. 

Beryllium. 

Bismuth. 

Cadmium. 

Caesium. 

CALCIUM. 

Cerium. 

Chromium. 

Cobalt. 

COPPER. 

Bidymium. 

Erbium. 

Gold. 

Indium. 


Iridium. 

IRON. 

Lanthanum. 

LEAD. 

Lithium. 

Magnesium. 

MANGANESE. 

MERCURY. 

Molybdenum. 

Nickel. 

Niobium. 

Osmium. 

Palladium. 

Platinum. 

POTASSIUM. 

Rhodium. 

Rubidium. 


Ruthenium. 

SILVER. 

SODIUM. 

Strontium. 

Tnntalum. 

Terbium. 

Thallium. 

Thorinum. 

TIH. 

Titanium. 

Tungsten. 

Uranium. 

Vanadium. 

Yttrium. 

ZING. 

Zirconium. 
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OZTOSV. 

Whatever  plan  of  classification,  founded  on  the  natural  relations  of  the 
elements,  be  adopted,  it  will  always  be  found  most  advantageous,  in  the 
practical  study  of  chemistry,  to  commence  with  the  consideration  of  the 
great  constituents  of  the  ocean  and  the  atmosphere. 

Oxygen  was  discovered  in  the  year  1774,  by  Scheele,  in  Sweden,  and  Dr. 
Priestley,  in  England,  independently  of  each  other,  and  described  under  the 
terms  empyreal  air  and  dtphlogtiticated  air.  The  name  oxygen*  was  given 
to  it  by  Lavoisier  some  time  afterward.  Oxygen  exists  in  a  free  and  un- 
combined  state  in  the  atmosphere,  mingled  with  another  gaseous  body,  ni- 
trogen. No  very  good  direct  means  exist,  however,  for  separating  it  from 
the  latter;  and,  accordingly,  it  is  always  obtained  for  purposes  of  experi- 
ment by  decomposing  certain  of  its  compounds,  which  are  very  numerous. 

The  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers,  may  be 
employed  with  this  view.  In  this  substance  the  attraction  which  holds 
together  the  mercury  and  the  oxygen  is  so  feeble,  that  simple  exposure  to 
heat  suffices  to  bring  about  decomposition.     The  red  precipitate  is  placed 

Fig.  91, 


in  a  short  tube  of  hard  glass,  to  which  is  fitted  a  perforated  cork,  furnished 
with  a  piece  of  narrow  glass  tube,  bent  as  in  fig.  91.  The  heat  of  a  spirit- 
lamp  being  applied  to  the  substance,  decomposition  speedily  commences ; 
globules  of  metallic  mercury  collect  in  the  cool  part  of  the  wide  tube, 
which  answers  the  purpose  of  a  retort,  while  gas  issues  in  considerable 
quantity  from  the  apparatus.  This  gas  is  collected  and  examined  by  the 
aid  of  the  pneumatic  trough,  which  consists  of  a  vessel  of  water  provided 
with  a  shelf,  upon  which  stand  the  jars  or  bottles  destined  to  receive  the 
gas,  filled  with  water  and  inverted.  By  keeping  the  level  of  the  liquid 
above  the  mouth  of  the  jar,  the  water  is  retained  in  the  latter  by  the  pres- 
sure of  the  atmosphere,  and  entrance  of  air  is  prevented.  When  the  jar  is 
brought  over  the  extremity  of  the  gas-delivering  tube,  the  bubbles  of  gas 
rising  through  the  water,  collect  in  the  upper  part  of  the  jar,  and  displace 
the  liquid.  As  soon  as  one  jar  is  filled,  it  may  be  removed,  still  keeping 
its  mouth  below  the  water-level,  and  another  substituted.  The  whole  ar- 
rangement is  shown  in  fig.  91. 

•  From  J£if,  acid,  and  yc, a  root  signifying  production. 


OXYGEN.  129 

The  experiment  here  described  is  more  instructive  as  an  excellent  case 
of  the  resolution  by  simple  means  of  a  compound  body  into  its  constituents,* 
than  valuable  as  a  source  of  oxygen  gas.  A  better  and  more  economical 
method  is  to  expose  to  heat  in  a  retort,  or  flask  furnished  with  a  bent  tube, 
a  portion  of  the  salt  called  potassium  chlorate.  A  common  Florence  flask 
serves  perfectly  well,  the  heat  of  a  spirit-lamp  being  sufficient.  The  salt 
melts  and  decomposes  with  ebullition,  yielding  a  very  large  quantity  of 
oxygen  gas,  which  may  be  collected  in  the  way  above  described.  The  first 
portion  of  the  gas  often  contains  a  little  chlorine.  The  white  saline  residue 
in  the  flask  is  potassium  chloride.  This  plan,  which  is  very  easy  of  execu- 
tion, is  always  adopted  when  very  pure  gas  is  required  for  analytical  pur- 
poses^ 

A  third  method,  very  good  when  perfect  parity  is  not  demanded,  is  to  # 
heat  to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  manganese  oxide 
of  commerce,  which  under  these  circumstances  suffers  decomposition,  al- 
though not  to  the  extent  manifest  in  the  red  precipitate.  { 

If  a  little  of  the  black  manganese  oxide  be  finely  powdered  and  mixed 
with  potassium  chlorate,  and  the  mixture  heated  in  a  flask  or  retort  by  a 
lamp,  oxygen  will  be  disengaged  with  the  utmost  facility,  and  at  a  far  lower 
temperature  than  when  the  chlorate  alone  is  used.}  All  the  oxygen  comes 
from  the  chlorate,  the  manganese  remaining  quite  unaltered.  The  materials 
should  be  well  dried  in  a  capsule  before  their  introduction  into  the  flask. 
This  experiment  affords  an  instance  of  an  effect  by  no  means  rare,  in 
which  a  body  seems  to  act  by  its  mere  presence,  without  taking  any  obvi- 
ous part  in  the  change  brought  about. 

Methods  for  the  preparation  of  oxygen  on  a  large  scale  will  be  found 
described  under  the  heads  of  sulphuric  acid  and  barium  dioxide. 

Whatever  method  be  chosen — and  the  same  remark  applies  to  the  col- 
lection of  all  other  gases  by  similar  means  —  the  first  portions  of  gas  must 
be  suffered  to  escape,  or  be  received  apart,  as  they  are  contaminated  by 
the  atmospheric  air  of  the  apparatus.  The  practical  management  of  gases 
is  a  point  of  great  importance  to  the  chemical  student,  and  one  with  which 
he  must  endeavor  to  familiarise  himself.  The  water-trough  just  described 
is  one  of  the  most  indispensable  articles  of  the  laboratory,  and  by  its  aid 
all  experiments  on  gases  are  carried  on  when  the  gases  themselves  are  not 
feasibly  acted  upon  by  water.  The  trough  is  best  constructed  of  japanned 
copper,  the  form  and  dimensions  being  regulated  by  the  magnitude  of  the 
jars.  It  should  have  a  firm,  shelf,  so  arranged  as  to  be  always  about  an 
inch  below  the  level  of  the  water,  and  in  the  shelf  a  groove  should  be  made 
about  half  an  inch  in  width,  and  tbe  same  in  depth,  to  admit  the  extremity 

*  Chemists  are  in  the  habit  of  representing  tbe  elements  by  nymbols,  and  their  compounds  by 
"       -       ~  i  of 


The  same  symbolical  language,  which  is  fully  explained  in  a  subsequent  section  < 
toe  work  (General  Principles  of  Chemical  Philosophy),  is  used  for  representing  the  chnngea 
which  tbe  chemical  compounds  undergo.  For  the  benefit  of  the  advanced  student,  the  lormnln 
tsprvstrag  the  more  important  decompositions  are  now  given  in  foot-notes.  The  decomposition 
•f  nercvrie  oxide  is  thus  represented :  — 

HgO  =  Hg  +  O 


Mercuric  oxide.  Mercury.  Oxygen, 

f  KCIO,  =  KC1  +  Ok 


Potassium  chlorate.  Potassium  chloride.  Oxygen. 

3MnO*  =  MnA  -f  O, 


b  dioxide.  Manganoso-man-  Oxygen, 

ganic  oxide. 

\  Prat  nan«mneee  oxide  shonld  not  contain  any  combustible  matter,  or  an  explosion  will 
man.  Acrfafentn  hare  occurred  from  this  cause,  and  a  preliminary  trial  should  be  made  by  heat- 
tag  ssnll  quantity  in  a  metal  cap,  should  there  be  any  doubt  of  the  purity  of  the  oxide. -~ 
JL&j 
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of  the  delivery-tube  beneath  the  jar,  which  stands  securely  upon  the  shelf. 
>V hen  the  pneumatic  trough  is  required  of  tolerably  large  dimensions,  it 
may  with  great  advantage  hare  the  form  and  disposition  represented  in 

Fty.92. 


Jfy.tt. 


fig.  92.     The  end  of  the  grooTe  spoken  of,  which  crosses  the  shelf  or  shal- 
low portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to  jar  with  the  utmost  facility,  by  first 
filling  the  vessel,  into  which  the  gns  is  to  be  passed  with  water,  inverting 
it,  carefully  retaining  its  mouth  below  the  water-level,  and  then  bringing 
beneath  it  the  aperture  of  the  jar  containing  the  gas.  On  gently  inclining 
the  latter,  the  gas  passes  by  a  kind  of  inverted  decantation  into  the  second 
vessel.  When  the  latter  is  narrow,  a  funnel  may  be  placed  loosely  in  its 
neck,  by  which  loss  of  gas  will  be  prevented. 

A  jar  wholly  or  partially  filled  with  gas  at 
the  pneumatic  trough  may  be  removed  by 
placing  beneath  it  a  shallow  basin,  or  even  a 
common  plate,  so  as  to  carry  away  enough 
water  to  cover  the  edge  of  the  jar :  and  many 
gases,  especially  oxygen,  may  be  so  preserved 
for  many  hours  without  material  injury. 

Gas-jars  are  often  capped  at  the  top,  and 
fitted  with  a  stop-cock  for  transferring  gas 
to  bladders  or  caoutchouc  bags.  When  such 
a  vessel  is  to  be-filled  with  water,  it  may  be 
slowly  sunk  in  an  upright  position  in  the 
well  of  the  pneumatic  trough,  the  stop-cock 
being  open  to  allow  the  air  to  escape,  until 
the  water  reaches  the  brass  cap.  The  cock 
is  then  to  be  turned,  and  the  jar  lifted  upon 
the  shelf,  and  filled  with  gas  in  the  usual  way. 
If  the  trough  be  not  deep  enough  for  this 
method  of  proceeding,  the  mouth  may  be  applied  to  the  stop-cock,  and  the 
vessel  filled  by  sucking  out  the  air  until  the  water  rises  to  the  cap.  In  all 
cases  it  is  proper  to  avoid  as  much  as  possible  wetting  the  stop-cocks  and 
other  brass  apparatus. 

Mr.  Pepys  contrived,  many  years  ago,  an  admirable  piece  of  apparatus 
for  storing  and  retaining  large  quantities  of  gas.  It  consists  of  a  drum  or 
reservoir  of  sheet  copper,  surmounted  by  a  shallow  trough  or  cistern,  the 
communication  between  the  two  being  made  by  a  couple  of  tubes,  a  4,  fur- 
nished with  stop-cocks,  one  of  which,  A/,  passes  nearly  to  the  bottom  of  the 
drum,  as  shown  in  fig.  94.  A  short  wide  open  tube,  c,  is  inserted  obliquely 
near  the  bottom  of  the  vessel,  into  which  a  plug  may  be  tightly  screwed. 
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Fig.M. 


A  stop-cock,  o%  near  the  top,  serves  to  transfer  gas  to  a  bladder  or  tube- 
apparatus.     A  glass  water-gauge,  d  e,  affixed  to  the  side  of  the  drum,  and 

communicated  with  both  top  and  bottom, 

indicates  the  level  of  the  liquid  within. 
To  nse  the  gas-holder,  the  plug  is  first 

screwed  into  the  lower  opening,  and  the 

dram  completely  filled  with  water.      All 

three  stop-cocks  are  then  to  be  closed  and 

the  plug  removed.      The  pressure  of  the 

atmosphere  retains  the  water  in  the  gas- 
holder, and  if  no  air-leakage  occurs,  the 

escape  of  water  is  inconsiderable.      The 

extremity  of  the  delivery-tube  is  now  to 

be  well  pushed  through  the  open  aperture 

into  the  drum,  so  that  the  bubbles  of  gas 

may  rise  without  hindrance  to  the  upper 

part,  displacing  the   water,    which  flows 

out  in  the  same  proportion  into  a  vessel 

placed  for  its  reception.     When  the  drum 

is  filled,  or  enough  gas  has  been  collected, 

the  tube  is  withdrawn  and  the  plug  screwed 

into  its  place. 

When  a  portion  of  the  gas  is  to  be  transferred  to  a  jar,  the  latter  is  to  be 
filled  with  water  at  the  pneumatic  trough,  carried  by  the  help  of  a  basin 
or  plate  to  the  cistern  of  the  gas-holder,  and  placed  over  the  shorter  tube. 
On  opening  the  cock  of  the  neighboring  tube,  the  hydrostatic  pressure  of 
the  column  of  water  will  cause  compression  of  the  gas,  and  increase  its 
elastic  force,  so  that,  on  gently  turning  the  cock  beneath  the  jar,  it  will 
ascend  into  the  latter  in  a  rapid  stream  of  bubbles.  The  jar,  when  filled, 
may  again  have  the  plate  slipped  beneath  it,  and  be  removed  without  dif- 
ficulty. 

Oxygen,  when  free  or  uncombined,  is  known  only  in  the  gaseous  state, 
all  attempts  to  reduce  it  to  the  liquid  or  solid  condition  by  cold  and  pressure 
having  completely  failed.  When  pure,  it  is  colorless,  tasteless,  and  in- 
odorous. It  is  the  sustaining  principle  of  animal  life,  and  of  all  the 
ordinary  phenomena  of  combustion. 

Bodies  which  burn  in  the  air,  burn  with  greatly  increased  splendor  in 
oxygen  gas.  If  a  taper  be  blown  out,  and  then  introduced  while  the  wick 
remains  red-hot,  it  is  instantly  rekindled :  a  slip  of  wood  or  a  match  is 
relighted  in  the  same  manner.  This  effect  is  highly  characteristic  of  oxygen, 
there  being  but  one  other  gas  which  possesses  the  same  property;  and  this 
ia  easily  distinguished  by  other  means.  The  experiment  with  the  match  is 
also  constantly  used  as  a  rude  test  of  the  purity  of  the  gas  when  it  is  about 
to  be  collected  from  the  retort,  or  when  it  has  stood  some  time  in  contact 
with  water  exposed  to  air. 

When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plunged  with  a  single  point 
red-hot  into  a  jar  of  oxygen,  it  burns  with  great  brilliancy,  throwing  off 
beautiful  scintillations,  until,  if  the  oxygen  be  in  excess,  it  is  completely 
consumed.  An  iron  wire,  or,  still  better,  a  steel  watch-spring,  armed  at 
its  extremity  with  a  bit  of  lighted  amadou,  and  introduced  into  a  vessel  of 
oxygen  gas,  exhibits  a  most  beautiful  phenomenon  of  combustion.  If  the 
experiment  be  made  in  a  jar  standing  on  a  plate,  the  fused  globules  of  black 
iron  oxide  fix  themselves  in  the  glaze  of  the  latter,  after  falling  through  a 
stratum  of  water  half  an  inch  in  depth.  Kindled  sulphur  burns  with  great 
beauty  in  oxygen ;  and  phosphorus,  under  similar  circumstances,  exhibits 
a  splendor  which  the  eye  is  unable  to  support. 
In  these  and  many  other  similar  cases  which  might  be  'mentioned,  the 
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same  ultimate  effect  is  produeed  as  in  atmospheric  air;  the  action  is,  how- 
ever, more  energetic,  from  the  absence  of  the  gas  which,  in  the  air,  dilute* 
the  oxygen  and  enfeebles  its  chemical  powers.  The  process  of  respiration 
in  animals  is  an  effect  of  the  same  nature  as  common  combustion.  The 
blood  contains  substances  which  slowly  burn  by  the  aid  of  the  oxygen  thus 
introduced  into  the  system.     When  this  action  ceases,  life  becomes  extinct. 

Oxygen  is  bulk  for  bulk  a  little  heavier  than  atmospheric  air,  its  specific 
gravity  being  l*l(K>t>3,  referred  to  that  of  air  as  unity,  and  16  referred  to 
that  of  hydrogen  as  unity.  A  litre  of  oxygen  at  the  standard  temperature 
and  pressure,  that  is  to  say,  at  0°  C,  and  700  millimetres  barometric  pres- 
sure, weighs  1-43028  gram.  At  16-5°  C.  (G0°  F.),  and  under  a  pressure  of 
80  inches,  100  cubic  inches  of  the  gas  weigh  34-29  grains.* 

It  has  been  already  remarked,  that  to  determine  with  the  utmost  degree 
of  accuracy  the  specific  gravity  of  a  gas,  is  an  operation  of  very  great 
practical  difficulty,  but  at  the  same  time  of  very  great  importance.  There 
are  several  methods  which  may  be  adopted  for  this  purpose :  the  one  de- 
scribed below  appears,  on  the  whole,  to  be  the  simplest  and  beat.  It  re- 
quires, however,  the  most  scrupulous  care,  and  the  observance  of  a  number 
of  minute  precautions  which  are  absolutely  indispensable  to  success. 

The  plan  of  the  operation  is  as  follows:  A  large  glass  globe  is  to  be  filled 
with  the  gas  to  be  examined  in  a  perfectly  pure  and  dry  state,  having  a 
known  temperature,  and  an  elastic  forge  equal  to  that  of  the  atmosphere  at 
the  time  of  the  experiment.  The  globe  so  filled  is  to  be  weighed.  It  is 
then  to  be  exhausted  at  the  air-pump  as  far  as  possible,  and  again  weighed. 
Lastly,  it  is  to  be  filled  with  dry  air,  the  temperature  and  pressure  of  which 
are  known,  and  its  weight  once  more  determined.  On  the  supposition 
that  the  temperature  and  elasticity  are  the  same  in  both  cases,  the  specific 
gravity  is  at  once  obtained  by  dividing  the  weight  of  the  gas  by  that  of 
the  air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a  brass  cap, 
surmounted  by  a  small  but  excellent  stop-cock.  A  delicate  thermometer 
should  be  placed  in  the  inside  of  the  globe,  secured  to  the  cap.  The  gas 
muHt  be  generated  at  the  moment,  and  conducted  at  once  into  the  previously 
exhausted  vessel,  through  a  long  tube  filled  with  fragments  of  pumice 
moistened  with  oil  of  vitriol,  or  some  other  extremely  hygroscopic  substance, 
by  which  it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
under  some  pressure,  the  elasticity  of  that  contained  in  the  filled  globe 
will  slightly  exceed  the  pressure  of  the  atmosphere;  and  this  is  an  ad- 
vantage, since,  by  opening  the  stop-cock  for  a  single  instant,  when  the 
globe  has  attained  an  equilibrium  of  temperature,  the  tension  becomes  ex- 
actly that  of  the  air,  so  that  all  barometrical  correction  is  avoided,  unless 
the  pressure  of  the  atmosphere  should  sensibly  vary  during  the  time  oc- 
cupied by  the  experiment.  It  is  hardly  necessary  to  remark  that  the 
greatest  care  must  also  be  taken  to  purify  and  dry  the  air  used  as 
the  standard  of  comparison,  and  to  bring  both  gas  and  air  as  nearly 
as  possible  to  the  same  temperature,  to  obviate  the  necessity  of  a  cor- 
rection, or  at  least  to  diminish  almost  to  nothing  the  errors  involved  by 
such  a  process. 

Oxides.  —  The  compounds  formed  by  the  direct  union  of  oxygen  with 
other  bodies  bear  the  general  name  of  oxides :  these  are  very  numerous 
and  important.  They  are  conveniently  divided  into  three  principal  groups 
or  classes.  The  first  division  contains  all  those  oxides  which  resemble  in 
their  chemical  relations  the  oxides  of  potassium,  Bodium,  silver,  or  lead : 
these  are  denominated  alkaline  or  basic  oxides.  The  oxides  of  the  second 
group  have  properties  opposed  to  those  of  the  bodies  mentioned ;  the  oxides 

•  Pumas,  Ann.  China.  Pbya.  [3],  ill.  276. 
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of  sulphur  and  phosphorus  may  be  taken  as  the  typical  representatives  of 
the  class:  they  are  called  acid  oxides,  and  are  capable  of  uniting  with  the 
basic  oxides,  and  forming  compounds  called  salts.  Thus,  when  the  oxide 
of  sulphur,  called  sulphuric  oxide,  is  passed  in  the  state  of  vapor  over 
heated  barium  oxide,  combination  takes  place,  attended  with  vivid  incan- 
descence, and  a  salt  called  barium  sulphate  is  produced,  containing  all  the 
elements  of  the  two  original  bodies,  namely,  barium,  sulphur,  and  oxygen. 
There  is  also  an  intermediate  group  of  oxides  called  neutral  oxides,  from 
their  slight  disposition  to  enter  into  combination.  The  black  oxide  of 
manganese,  already  mentioned,  is  an  excellent  example.  It  must  not  be 
supposed,  however,  that  the  three  groups  of  oxides  just  mentioned  are 
separated  from  each  other  by  decided  lines  of  demarcation;  on  the  con- 
trary, they  blend  into  one  another  by  imperceptible  degrees,  and  the  same 
oxide  may,  in  many  cases,  exhibit  either  acid  or  basic  relations  according 
to  the  circumstances  under  which  it  is  placed. 

Among  salts,  there  is  a  particular  group,  namely,  the  hydrogen  salts,  con- 
taining the  elements  of  an  acid  oxide,  and  water  (hydrogen  oxide),  which 
are  especially  distinguished  as  acids,  because  many  of  them  possess  in  an 
eminent  degree  the  properties  to  which  the  term  acid  is  generally  applied, 
tach  as  a  sour  taste,  corrosive  action,  solubility  in  water,  and  the  power 
of  reddening  certain  blue  vegetable  colors.  A  characteristic  property  of 
these  acids,  or  hydrogen  salts,  is  their  power  of  exchanging  their  hydrogen 
for  a  metal  presented  to  them  in  the  free  state,  or  in  the  form  of  oxide. 
Thus,  sulphuric  acid,  which  contains  sulphur,  oxygen,  and  hydrogen, 
readily  dissolves  metallic  zinc,  the  metal  taking  the  place  of  the  hydrogen, 
which  is  evolved  as  gas,  and  forming  a  salt  containing  sulphur,  oxygen, 
and  sine;  in  fact,  a  zinc  sulphate,  produced  from  a  hydrogen  sulphate  by 
substitution  of  zinc  for  hydrogen*  The  same  substitution  and  formation 
of  sine  sulphate  take  place  when  zinc  oxide  is  brought  in  contact  with  sul- 
phuric acid;  but  in  this  case  the  hydrogen,  instead  of  being  evolved  as 
gas,  remains  combined  with  the  oxygen  derived  from  the  zinc  oxide,  form- 
ing water,  f 

A  series  of  oxides  containing  quantities  of  oxygen  in  the  proportion  of 
the  numbers  1,  2,  3,  united  with  a  constant  quantity  of  another  element, 
are  distinguished  as  monoxide,  dioxide,  and  trioxide  respectively,  the  Greek 
numerals  indicating  the  several  degrees  of  oxidation.  A  compound  inter- 
mediate between  a  monoxide  and  a  dioxide  is  called  a  sesquioxUU}  e.  g, : 

Chromium.     Oxygen. 
Chromium  monoxide      .         •        .        .        .  62-6    +     10 

Chromium  sesquioxide        .....         62-6    4-    24 

Chromium  dioxide •        .     62-6    -f"     32 

Chromium  trioxide 62*5    -f-    48 

When  a  metal  forms  two  basic  or  salifiable  oxides,  they  are  distinguished 
by  adjectival  terms  ending  in  ous  for  the  lower,  and  ic  for  the  higher  de- 
gree of  oxidation,  t.  g. : 

Iron.       Oxygen. 
Iron  monoxide,  or  Ferrous  oxide      .        .        .        .     66    -f-     16 
Iron  sesquioxide,  or  Ferric  oxide  .        .        •         66    -f-     24 

The  salts  resulting  from  the  action  of  acids  on  these  oxides  are  also  dis- 
tinguished as  ferrous  and  ferric  salts  respectively. 

Acid  oxides  of  the  same  element,  sulphur  for  example,  are  also  dis- 
tinguished by  the  terminations  ous  and  ic,  applied  as  above ;  their  acids, 

•  BOA   +    Zn  =  BO^Zq  +  H,  f  S04H,    +    Zn  0  =  SO^Zn  +  OH, 

12 
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or  hydrogen  salts,  receive  corresponding  names;  and  the  salts  formed 
from  these  acids  are  distinguished  by  names  ending  in  He  and  ate  respec- 
tively.    Thus,  for  the  oxides  and  salts  of  sulphur : 

Sulphur.       Oxygen. 

Sulphurous  oxide 82     +     32 

Hydrogen. 

Hydrogen  sulphite,  or  Sulphurous  acid         .        82    4.     48   +        - 

Lead. 

Lead  sulphite 82    +    48+207 

Sulphuric  oxide 82    +    48 

Hydrogen. 
Hydrogen  sulphate,  or  Sulphuric  acid      .        .    82    +    64    +        2 


Lead  sulphate 82    +     64    +     207 

The  acids  above  spoken  of  are  oxygen-acids ;  and  formerly  it  was  sup- 
posed that  all  acids  contained  oxygen  —  that  element  being,  indeed,  re- 
garded as  the  acidifying  principle;  hence  its  name  (p.  128).  At  present, 
however,  we  are  acquainted  with  many  bodies  which  possess  all  the  char- 
acters above  specified  as  belonging  to  an  acid,  and  yet  do  not  contain 
oxygen.  For  example,  hydrochloric  acid  (formerly  called  muriatic  acid, 
or  spirit  of  salt)  —  which  is  a  hydrogen  chloride,  or  compound  of  hydrogen 
and  chlorine  —  is  intensely  sour  and  corrosive;  reddens  litmus  strongly; 
dissolves  zinc,  which  drives  out  the  hydrogen  and  take?  its  place  in  com- 
bination with  the  chlorine,  forming  sine- chloride;  and  dissolves  most  me- 
tallic oxides,  exchanging  its  hydrogen  for  the  metal,  and  forming  a  metal- 
lic chloride  and  water.* 

Bromine,  iodine,  and  fluorine  also  form,  with  hydrogen,  acid  compounds 
analogous  in  every  respect  to  hydrochloric  acid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphur,  selenium, 
phosphorus,  &c,  with  hydrogen  and  metals,  are  grouped,  like  the  oxygen 
compounds,  by  names  ending  in  ide:  thus  we  speak  of  zinc  chloride,  cal- 
cium fluoride,  hydrogen  sulphide,  copper  phosphide,  &o.  The  numerics' 
prefixes,  mono,  di,  tri,  &c,  as  also  the  terminations  out  and  t>,  are  applied 
to  these  compounds  in  the  same  manner  as  to  the  oxides,  thus : 

Hydrogen.  Bromine. 

Hydrogen  bromide 1  +         80 

PotuMtam.  Sulphur. 

Potassium  raonosulphide     ....         78*2  +         82 

Potassium  dtsulphide 78*2  +         64 

Potassium  trisulphide  ....         78*2  +         96 

Potassium  tetrasulphide         ....     78-2  +       128 

Potassium  pentasulphide    .        .        .        .         78*2  +160 

Iron.  Chlorine. 

Ferrous  chloride 66  +         71 

Ferric  chloride .     66  +       105*5 

Tin.  Sulphur. 

Stannous  sulphide 118  +         64 

Stannic  sulphide 118  +       128 

The  Latin  prefixes  wit,  6t,  fer,  quadro,  Ac,  are  often  used  instead  of  tl 
corresponding  Greek  prefixes ;  there  is  no  very  exact  rule  respecting  the 

•  Action  of  hydrochloric  acid  on  sine : 

2I1C1     +    Zn    =    ZnCI,    +    Ht 
Action  of  hydrochloric  acid  on  sine  oxide ; 
2HC1    +    ZnO  =  ZnCl,  +  OH, 
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roe:  but,  generally  speaking,  it  is  best  to  employ  a  Greek  or  Latin  prefix, 
according  m  the  word  before  which  it  is  placed  is  of  Greek  or  Latin  origin ; 
thus,  dioxide  corresponds  to  bisulphide ;  on  the  whole,  however,  the  Greek 
prefixes  are  most  generally  employed. 

Osojti.  —  It  has  long  been  known  that  dry  oxygen,  or  atmospheric  air, 
when  exposed  to  the  action  of  a  series  of  electric  sparks,  emits  a  peculiar 
ud  somewhat  metallic  odor.  The  same  odor  may  be  imparted  to  moist 
ox/gen  by  allowing  phosphorus  to  remain  for  some  time  in  it,  and  by 
Krertl  other  processes.  A  more  accurate  examination  of  this  odorous  air 
ta  shown  that,  in  addition  to  the  smell,  it  possesses  several  properties 
lot  exhibited  by  oxygen  in  its  ordinary  state.  One  of  its  most  char- 
leteristic  effects  is  the  liberation  of  iodine  from  potassium  iodide.  This 
riorous  principle  has  been  the  subject  of  many  researches,  in  particular 
by  Sehonbein,  of  Basle,  who  proposed  for  it  the  name  of  ozone.* 

As  easy  method  of  exhibiting  the  production  of  ozone  is  to  transmit  a 
nrrest  of  oxygen  through  a  tube  into  which  a  pair  of  platinum  wires  is 
k*M,  with  the  points  at  a  little  distance  apart;  on  connecting  one  of  the 
vira  with  the  prime  conductor  of  an  electrical  machine  in  good  action, 
ud  the  other  with  the  ground,  the  characteristic  odor  of  ozone  is  im- 
aediately  developed  in  the  issuing  gas ;  but,  notwithstanding  the  powerful 
»lff  thus  produced,  only  a  small  portion  of  the  oxygen  undergoes  this 
cbage.  Andrews  and  Tait  have  shown  that,  to  obtain  the  maximum  of 
**«,  it  is  necessary  to  transmit  the  discharge  silently,  between  very  fine 
£'«•;  if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  ozone 
^Reonrerted  into  ordinary  oxygen  as  fast  as  it  is  formed.  Siemens  pre- 
J  ^*es  oione  by  induction:  he  forms  a  sort  of  Leyden  jar,  by  coating  the 
I  saritr  of  a  long  tube  with  tin-foil,  and  passes  over  this  tube  a  second 
|  'iff  tube  coated  with  tin-foil  on  its  outer  surface.  Between  the  two  tubes 
I  i-irreatof  pure  dry  oxygen  is  passed,  which  becomes  electrified  by  in- 
|  t"  «,  on  connecting  the  inner  and  outer  coating  with  the  terminal  wires 
;  '■«  induction -coil;  by  this  means  it  is  said  that  from  10  to  15  per  cent. 
|    *  oxygen  may  be  converted  into  ozone. 

k-»ae  may  also  be  obtained  in  several  ways,  without  the  aid  of  elec- 
j:  thus  it  is  formed  in  small  quantity  when  a  stick  of  phosphorus  is 
•lied  in  a  bottle  filled  with  moist  air;  by  the  slow  oxidation  of  ether, 
''-irpentine,  and  other  essential  oils;  in  the  electrolytic  decomposition 
iter;  and  by  the  action  of  strong  sulphuric  acid  on  potassium  per- 
"taate.f    There  has  been  considerable  discussion  about  the  nature  and 
«tion  of  ozone;  but  the  most  trustworthy  experiments  seem  to  show 
P  -a  whatever  way  produced,  it  is  merely  a  modified  form  of  oxygen. 
■■  s*  is  insoluble  in  water  and  in  solutions  of  acids  or  alkalies,  but  is 
'  rd  by  a  solution  of  potassium  iodide.     Air  charged  with  it  exerts  an 
k'  »g  action  on  the  lungs.     Ozone  is  decomposed  by  heat,  gradually  at 
212°  P.,)  instantly  at  290°  C.  (654°  P.)     It  is  an  extremely  power- 
f'iiiing  agent;  possesses  strong  bleaching  and  disinfecting  powers; 
"•«  cork,  caoutchouc,  and   other   organic   substances;  and  rapidly 
-*  iron,  copper,  and  even  silver  when  moist,  as  well  as  dry  mercury 
line.    It  is  remarkable  that  the  absorption  of  ozone  by  these  and 
"Wots  is  not  attended  with  any  contraction  of  volume.     The  expla- 
f  this  fact  appears  to  be,  that  oxygen  when  ozonized  diminishes  in 
in  the   proportion  of  8  to  2,  according  to  Soret),  and  that  when 
)« is  decomposed  by  a  metal  or  other  substance,  one  portion  of  it 
2to  combination,  while  the  remainder,  which  is  set  free  as  ordinary 
occupies  the  same  bulk  as  the  ozone  itself. 

[  "  *ycw,  to  emit  an  odor. 

Koordhig  to  A.  Unmrmn,bf  the  action  of  mlphorlc  add  on  barium  dioxide.— R.  B.J 
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The  most  delicate  test  for  the  presence  of  ozone  in  any  gas  is  afforded  by 
a  strip  of  paper  moistened  with  a  mixture  of  starch  and  solution  of  po- 
tassium iodide.  On  exposing  such  paper  to  the  action  of  ozone,  the  po- 
tassium iodide  is  decomposed,  its  potassium  combining  with  oxygen,  while 
the  iodine  is  liberated,  and  forms  a  deep  blue  compound  with  the  starch. 
Now,  when  paper  thus  prepared  is  exposed  to  the  open  air  for  five  or  ten 
minutes,  it  often  acquires  a  blue  tint,  the  intensity  of  which  varies  on  dif- 
ferent days.  Hence  it  has  been  plausibly  supposed  that  ozone  is  present 
in  the  air  in  variable  quantity.  But  iodine  may  be  liberated  from  po- 
tassium iodide  by  many  other  agents,  especially  by  certain  oxides  of  ni- 
trogen, which  are  very  likely  to  be  present  in  the  air  in  minute  quantities: 
hence  the  existence  of  ozone  in  the  air  cannot  be  proved  to  be  present  by 
this  reaction  alone. 


HYDROGEN. 

Hydrogen  may  be  obtained  for  experimental  purposes  by  deoxidizing 
water,  of  which  it  forms  a  characteristic  component.* 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings  or  turnings 
of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion  be  made  red-hot, 
and  then  the  vapor  of  water  transmitted  over  the  heated  metal,  a  large 
quantity  of  permanent  gas  will  be  disengaged  from  the  tube,  and  the  iron 
will  become  converted  into  oxide,  and  acquire  an  increase  in  weight.  The 
gas  is  hydrogen :  it  may  be  collected  over  water  and  examined. 

Hydrogen  in,  however,  more  easily  obtained  by  decomposing  hydrochloric 
or  dilute  sulphuric  acid  with  zinc,  the  metal  then  displacing  the  hydrogen 
in  the  manner  already  explained  (p.  133). 

The  simplest  method  of  preparing  the  gas  is  the  following :  A  wide-necked 

bottle  is  chosen,  and  fitted  with  a  sound 

Fig.96,  cork,  perforated  by. two   holes  for  the 

c=j  reception  of  a  small  tube- funnel  reach- 

Vj  ing  nearly  to  the   bottom  of  the  bottle, 

*  »  and  a  piece  of  bent  glass  tube  to  convey 

away  the  disengaged  gas.  Granulated 
sine,  or  scraps  of  the  malleable  metal, 
are  put  into  the  bottle,  together  with  a 
little  water,  and  sulphuric  acid  slowly 
added  by  the  funnel,  the  point  of  which 
should  dip  into  the  liquid.  The  evolu- 
tion of  gas  is  easily  regulated  by  the 
supply  of  acid ;  and  when  enough  has 
been  discharged  to  expel  the  air  of  the 
vessel,  it  may  be  collected  over  water 
in  a  jar,  or  passed  into  a  gas-holder. 
In  the  absence  of  zinc,  filings  of  iron  or 
small  nails  may  be  used,  but  with  less 
advantage. 

A  little  practice  will  soon  enable  the 
pupil  to  construct  and  arrange  a  variety  of  useful  forms  of  apparatus,  in 
which  bottles,  and  other  articles  always  at  hand,  are  made  to  supersede 
more  costly  instruments.     Glass  tube,  purchased  by  weight  of  the  maker, 

•  Heaoejhi  awe,  from  t&#i,  water,  and  ytv. 
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may  be  cut  by  scratching  with  a  file,  and  then  applying  a  little  force  with 
both  hands.  It  may  be  softened  and  bent,  when  of  small  dimensions,  by  the 
flame  of  a  spirit-lamp,  or  a  candle,  or,  better,  by  a  gas  jet.  Corks  may  be 
perforated  by  a  heated  wire,  and  the  hole  rendered  smooth  and  cylindrical 
by  a  round  file ;  or  the  ingenious  cork-borer  of  Dr.  Mohr,  now  to  be  had  of 
til  instrument-makers,  may  be  used  instead.  Lastly,  in  the  event  of  bad 
fitting,  or  unsoundness  in  the  cork  itself,  a  little  yellow  wax  melted  oyer  the 
surface,  or  even  a  little  grease  applied  with  the  finger,  renders  it  sound  and 
air-tight,  when  not  exposed  to  heat. 

Hydrogen  is  colorless,  tasteless,  and  inodorous  when  quite  pure.  To  ob- 
tain it  in  this  condition,  it  must  be  prepared  from  the  purest  zinc  that  can 
be  obtained,  and  passed  in  succession  through  solutions  of  potash  and  silver 
nitrate.  When  prepared  from  commercial  zinc,  it  has  a  slight  smell,  which 
is  due  to  impurity,  and  when  iron  has  been  used,  the  odor  is  very  strong 
and  disagreeable.  It  is  inflammable  and  burns,  when  kindled,  with  a  pale, 
yellowish  flame,  evolving  much  heat,  but  very  little  light.  The  result  of  the 
combustion  is  water.  It  is  even  less  soluble  in  water  than  oxygen,  and  has 
never  been  liquefied.  Although  destitute  of  poisonous  properties,  it  is  in- 
capable of  sustaining  life. 

Hydrogen  is  the  lightest  substance  known ;  Dumas  and  Bona-  Fig-  96. 
aingault  place  its  density  between  0*0691  and  0*0695, *  referred 
to  that  of  air  as  unity.  The  weight  of  a  litre  of  hydrogen  at 
0°  C,  and  under  a  barometric  pressure  of  0*760  metre,  is 
0*08961  gram ;  consequently,  a  gram  of  hydrogen  occupies  a 
space  of  11  15947  litres,  f  At  16*6°  C.  (60°  F.),  and  30  inches 
barometric  pressure,  100  cubic  inches  weigh  2*14  grains. 

When  a  gas  is  much  lighter  or  much  heavier  than  atmos- 
pheric air,  it  may  often  be  collected  and  examined  without  the 
aid  of  the  pneumatic  trough.  A  bottle  or  narrow  jar  may  be 
filled  with  hydrogen  without  much  admixture  of  air,  by  invert- 
ing it  over  the  extremity  of  an  upright  tube  delivering  the  gas. 
In  a  short  time,  if  the  supply  be  copious,  the  air  will  be  wholly 
displaced,  and  the  vessel  filled.  It  may  now  be  removed,  the 
vertical  position  being  carefully  retained,  and  closed  by  a  stop- 
per or  glass  plate.  If  the  mouth  of  the  jar  be  wide,  it  must 
be  partially  closed  by  a  piece  of  cardboard  during  the  operation.  This 
method  of  collecting  gases  by  displacement  is  often  extremely  useful.  Hy- 
drogen was  formerly  used  for  filling  air-balloons,  being  made  for  the  pur- 
pose on  the  spot  from  zinc  or  iron  and  dilute  sulphuric  acid.  Its  use  is  now 
superseded  by  that  of  coal-gas,  which  may  be  made  very  light  by  employ- 
ing a  high  temperature  in  the  manufacture.  Although  far  inferior  to  pure 
hjdrogen  in  buoyant  power,  it  is  found  in  practice  to  possess  advantages 
over  that  substance,  while  its  greater  density  is  easily  compensated  by  in- 
creasing the  magnitude  of  the  balloon. 

There  is  a  very  remarkable  property  possessed  by  gases  and  vapors  in 
general,  which  is  seen  in  a  high  degree  of  intensity  in  the  case  of  hydrogen ; 
this  is  what  is  called  diffusive  power.  If  two  bottles  containing  gases  which 
do  not  act  chemically  upon  each  other  at  common  temperatures  be  connected 
by  a  narrow  tube  and  left  for  some  time,  the  gases  will  be  found,  at  the  ex- 
piration of  a  certain  period,  depending  much  upon  the  narrowness  of  the 
tube  and  its  length,  uniformly  mixed,  even  though  they  differ  greatly  in 
density,  and  the  system  has  been  arranged  in  a  vertical  position,  with  the 
heavier  gas  downwards.  Oxygen  and  hydrogen  can  thus  be  made  to  mix, 
in  a  few  hours,  against  the  action  of  gravity,  through  a  tube  a  yard  in 

*  Ann.ChJm.  Phys.,  3d  series,  vili.  201. 

t  A«a  near  approximation,  it  may  bo  remembered  that  a  litre  of  hydrogen  weighs  0*09  gram, 
or  9  centigrams,  and  a  gram  of  hydrogen  occupies  11-1  litres. 

12* 


138  HYDROGEN. 

length,  and  not  more  than  one  quarter  of  an  inch  in  diameter:  and  the  fact 
is  true  of  all  other  gases  which  are  destitute  of  direct  action  upon  each 
other. 

If  a  ressel  be  divided  into  two  portions  by  a  diaphragm  or  partition  of 
porous  earthenware  or  dry  plaster  of  Paris,  and  each  half  filled  with  a  dif- 
ferent gas,  diffusion  will  immediately  commence  through  the  pores  of  the 
dividing  substance,  and  will  continue  until  perfect  mixture  has  taken  place. 
All  gases,  however,  do  not  permeate  the  same  porous  body,  or,  in  other 
words,  do  not  pass  through  narrow  orifices  with  the  same  degree  of  facility. 
Professor  Graham,  to  whom  we  are  indebted  for  a  very  valuable  investiga- 
tion of  this  interesting  subject,  has  established  the  existence  of  a  very 
simple  relation  between  the  rapidity  of  diffusion  and  the  density  of  the  gas, 
which  is  expressed  by  saying  that  the  diffusive  power  varies  inversely  as 
the  square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experiment 
supposed,  if  one  half  of  the  vessel  be  filled  with  hydrogen  and  the  other 
half  with  oxygen,  the  two  gases  will  penetrate  the  diaphragm  at  very  dif- 
ferent rates ;  four  cubic  inches  of  hydrogen  will  pass  into  the  oxygen  side, 
while  one  cubic  inch  of  oxygen  travels  in  the  opposite  direction.  The  den- 
sities of  the  two  gases  are  to  each  other  in  the  proportion  of  1  to  16;  their 
relative  rates  of  diffusion  will  be  inversely  as  the  square  roots  of  these 
numbers,  t.  f.,  as  4  to  1. 

In  order,  however,  that  this  law  may  be  accurately  observed,  it  is  neces- 
sary that  the  porous  plate  be  very  thin ;  with  plates  of  stucco  an  inch  thick 
or  more,  which  really  consist  of  a  congeries  of  long  capillary  tubes,  a  dif- 
ferent law  of  diffusion  is  observed.*  An  excellent  material  for  diffusion 
experiments  is  the  artificially  compressed  graphite  of  Mr.  Brockedon,  of  the 
quality  used  for  making  writing- pencils.  It  may  be  reduced  by  cutting  and 
grinding  to  the  thickness  of  a  wafer,  but  still  retains  considerable  tenacity. 
The  pores  of  this  substance  appear  to  be  so  small  as  entirely  to  prevent  the 
transmission  of  gases  in  mass,  so  that,  to  use  the  language  of  Mr.  Graham, 
it  acts  like  a  molecular  sieve,  allowing  only  molecules  to  pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the 
Fig.  97.  phenomenon  of  diffusion  is  by  the  use  of  Graham's  diffu- 

sion-tube. This  is  merely  a  piece  of  wide  glass  tube  ten  or 
twelve  inches  long,  having  one  of  its  extremities  closed  by 
a  plate  of  plaster  of  Paris  about  hnlf  an  inch  thick,  and 
well  dried.  When  the  tube  is  filled  by  displacement  with 
hydrogen,  and  then  set  upright  in  a  glass  of  water,  the 
level  of  the  liquid  rises  in  the  tube  so  rapidly,  that  its 
movement  is  apparent  to  the  eye,  and  speedily  attains  a 
height  of  several  inches  above  the  water  in  the  glass.  The 
gas  is  actually,  rarefied  by  its  superior  diffusive  power  over 
that  of  the  external  air. 

It  is  impossible  to  over-estimate  the  importance  in  the 
economy  of  Nature  of  this  very  curious  law  affecting  the 
constitution  of  gaseous  bodies:  it  is  the  principal  means 
by  which  the  atmosphere  is  preserved  in  a  uniform  state, 
and  the  accumulation  of  poisonous  gases  and  exhalations 
in  towns  and  other  confined  localities  prevented. 
A  partial  separation  of  gases  and  vapors  of  unequal  diffusibility  may  be 
effected  by  allowing  the  mixture  to  permeate  through  a  plate  of  graphite  or 
porous  earthenware  into  a  vacuum.  This  effect,  called  atmolysit,  is  best  ex- 
hibited by  means  of  an  instrument  called  the  tube-atmoli/ser.  This  is  simply 
a  narrow  tube  of  unglazed  earthenware,  such  as  a  tobacco-pipe  stem,  two 
feet  long,  which  is  placed  within  a  shorter  tube  of  glass,  and  secured  in  its 

*  Bee  Bunsen's  GMometryj).  203}  Qrahaai'0  Elements  of  Chemiatry,  2d  ed.,  ii.  624;  Watts'* 
Dictionary  of  Chemistry,  U.  F  " 
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position  by  corks.  The  glass  tube  is  connected  with  an  air-pump,  and  the 
annular  space  between  the  two  tubes  is  made  as  nearly  vacuous  as  possible. 
Air  or  other  mixed  gas  is  then  allowed  to  flow  along  the  clay  tube  in  a  slow 
stream,  and  collected  as  it  issues.  The  gas  or  air  atmolysed  is,  of  course, 
reduced  in  volume,  much  gas  penetrating  through  the  pores  of  the  clay 
tube  into  the  air-pump  vacuum,  and  the  lighter  gas  diffusing  the  more  rap- 
idly, so  that  the  proportion  of  the  denser  constituent  is  increased  in  the  gas 
collected.  In  one  experiment,  the  proportion  of  oxygen  in  the  air,  after 
traversing  the  atmolyser,  was  increased  from  20*8  per  cent.,  which  is  the 
normal  proportion,  to  24-6  per  cent.  With  a  mixture  of  oxygen  and  hy- 
drogen, the  separation  is,  of  course,  still  more  considerable.* 

A  distinction  must  be  carefully  drawn  between  real  diffusion  through  small 
apertures,  and  the  apparently  similar  passage  of  gases  through  membran- 
ous diaphragms,  such  as  caoutchouc,  bladder,  gold-beater's  skin,  etc.  In 
this  mode  of  passage,  which  is  called  osmose,  the  rate  of  interchange  de- 
pends partly  on  the  relative  diffusibilities  of  the  gases,  partly  on  the  differ- 
ent degrees  of  adhesion  exerted  by  the  membrane  on  the  different  gases, 
by  virtue  of  which  the  gas  which  adheres  most  powerfully  penetrates  the 
diaphragm  most  easily  and,  attaining  the  opposite  surface,  mixes  with  the 
other.  A  sheet  of  caoutchouc  tied  over  the  mouth  of  a  wide-mouthed 
bottle  filled  with  hydrogen,  is  soon  pressed  inwards,  even  to  bursting.  If 
the  bottle  be  filled  with  air,  and  placed  in  an  atmosphere  of  hydrogen, 
the  swelling  and  bursting  takes  place  outwards.  If  the  membrane  is  moist, 
the  result  is  likewise  affected  by  the  different  solubilities  of  the  gases  in  the 
water  or  other  liquid  which  wets  it.  For  example,  the  diffusive  power  of 
carbonic  acid  into  atmospheric  air  is  very  small,  but  it  passes  into  the  latter 
through  a  wet  bladder  with  the  utmost  ease, in  virtue  of  its  solubility  in  the 
water  with  which  the  membrane  is  moistened.  It  is  by  such  a  process  that 
the  function  of  respiration  is  performed ;  the  aeration  of  the  blood  in  the 
lungs,  and  the  disengagement  of  the  carbonic  acid,  are  effected  through 
wet  membranes ;  the  blood  is  never  brought  into  actual  contact  with  the 
sir,  but  receives  its  supply  of  oxygen,  and  disembarrasses  itself  of  carbonic 
acid,  by  this  kind  of  spurious  diffusion. 

The  high  diffusive  power  of  hydrogen  against  air  renders  it  impossible  to 
retain  that  gas  for  any  length  of  time  in  a  bladder  or  caoutchouc  bag ;  it  is 
even  unsafe  to  keep  it  long  in  a  gas-holder,  lest  it  should  become  mixed 
with  air  by  slight  accidental  leakage,  and  rendered  explosive. 

The  passage  of  gases  through  membranes  like  caoutchouc  or  varnished 
nlkf  as  well  as  through  wet  membranes  like  bladder,  appears  to  depend 
upon  an  actual  liquefaction  of  the  gases,  which  then  become  capable  of  pen- 
etrating the  substance  of  the  membrane  (as  ether  and  naphtha  do),  and  may 
again  evaporate  on  the  surface  and  appear  as  gases.  The  unequal  absorp- 
tion of  gases  in  this  manner  often  effects  a  much  more  complete  separation 
of  the  components  of  a  gaseous  mixture  than  can  be  attained  by  the  atmo- 
lytic  method  above  described.  Thus,  Graham  has  shown  that  oxygen  is  ab- 
sorbed and  condensed  by  caoutchouc  two-and-a-half  times  more  abundantly 
than  nitrogen,  and  that  when  one  side  of  a  caoutchouc  film  is  freely  ex- 
posed to  the  air,  while  a  vacuum  is  produced  on  the  other  side,  the  film 
allows  41-6  per  cent,  of  oxygen  to  pass  through,  instead  of  21  per  cent, 
usually  present  in  the  air,  so  that  the  air  which-passes  through  is  capable  of 
rekindling  wood  burning  without  flame. 

Even  metals  appear  to  possess  this  power  of  absorbing  and  liquefying 
gates.  Deville  and  Troost  have  observed  the  remarkable  fact  that  hydrogen 
gss  is  capable  of  penetrating  platinum  and  iron  tubes  at  a  red  heat,  and 
Graham  is  of  opinion  that  this  effect  may  be  connected  with  a  power  resi- 
dent in  these  and  certain  other  metals  to  absorb  and  liquefy  hydrogen, 
possibly  in  its  character  as  a  metallic  vapor.     Platinum  in  the  form  of 

•  Graham,  Phil.  Trans.  1863 
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wire  or  plate,  at  a  low  red  heat,  can  take  up  8*8  Yolumes  of  hydrogen 
measured  cold,  and  palladium  foil  condenses  as  much  as  643  times  its  vol- 
ume of  hydrogen  at  a  temperature  below  100°  C.  In  the  form  of  sponge, 
platinum  absorbed  1*48  times  its  Tolume  of  hydrogen,  and  palladium  90 
Tolumes.     This  absorption  of  gases  by  metals  is  called  occlusion.* 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of  oc- 
cluded hydrogen.  When  placed  in  a  good  vacuum,  it  yields  2*85  times  its 
volume  of  gas,  of  which  85*68  per  cent,  consist  of  hydrogen,  with  4*46 
carbon  monoxide  and  9-86  nitrogen.  Now,  hydrogen  has  been  recognised 
by  spectrum  analysis  in  the  light  of  the  fixed  stars,  and  constitutes,  ac- 
cording to  the  observations  of  father  Secchi,  the  principal  element  in  the 
atmosphere  of  a  numerous  class  of  stars.  "  The  iron  of  Lenarto,"  says 
Mr.  Graham,  "has,  no  doubt,  come  from  such  an  atmosphere,  in  which 
hydrogen  greatly  prevailed.  This  meteorite  may  be  looked  upon  as  holding 
imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of  the  stars."  f 

The  rates  of  effusion  of  gases,  that  is  to  say,  their  rates  of  passage 
through  a  minute  aperture  in  a  thin  plate  of  metal  or  other  substance  into 
a  vacuum,  follow  the  same  law  as  their  rates  of  diffusion,  that  is  to  say, 
they  are  inversely  as  the  square  roots  of  the  densities  of  the  gases.  Never- 
theless, the  phenomena  of  diffusion  and  effusion  are  essentially  different  in 
their  nature,  the  effusive  movement  affecting  masses  of  a  gas,  whereas  the 
diffusive  movement  affects  only  molecules ;  and  a  gas  is  usually  carried  by 
the  former  kind  of  impulse  with  a  velocity  many  thousand  times  greater 
than  by  the  latter.  Mixed  gases  are  effused  at  the  same  rates  as  one  gas 
of  the  actual  density  of  the  mixture :  and  no  separation  of  the  gases  oc- 
curs, as  in  diffusion  into  a  vacuum. 

The  law  of  effusion  just  stated  is  true  only  under  the  condition  that  the 
gas  shall  pass  through  a  minute  aperture  in  a  very  thin  plate.  If  the  plate 
be  thicker,  so  that  the  aperture  becomes  a  tube,  very  different  rates  of 
efflux  are  observed;  and  when  the  capillary  tube  becomes  considerably 
elongated,  so  that  its  length  exceeds  its  diameter  at  least  400  times,  the  rates 
of  flow  of  different?  gases  into  a  vacuum  again  assume  a  constant  ratio  to 
each  other,  following,  however,  a  law  totally  distinct  from  that  of  effusion. 
The  principal  general  results  observed  with  relation  to  this  phenomenon  of 
"Capillary  Transpiration"  are  as  follows:  — 

1.  The  rate  of  transpiration  of  the  same  gas  increases,  cmteris  paribus, 
directly  as  the  pressure :  in  other  words,  equal  volumes  of  gas  at  different 
densities  require  times  inversely  proportional  to  their  densities.  2.  With 
tubes  of  equal  diameter,  the  volume  transpired  in  equal  times  is  inversely 
as  the  length  of  the  tube.  8.  As  the  temperature  rises,  the  transpiration 
of  equal  volumes  becomes  slower.  4.  The  rates  of  transpiration  of  different 
gases  bear  a  constant  relation  to  each  other,  totally  independent  of  their 
densities,  or,  indeed,  of  any  known  property  of  the  gases.  Equal  weights 
of  oxygen,  nitrogen,  and  carbon  monoxide  are  transpired  in  equal  times ; 
so  likewise  are  equal  weights  of  nitrogen,  nitrogen  dioxide,  and  carbon  mon- 
oxide ;  and  of  hydrogen  chloride,  carbon  dioxide,  and  nitrogen  monoxide.  J 

COMBINATION  OF  HYDROGEN  WTTII  OXYGEN. 

It  has  been  already  stated  that,  although  the  light  emitted  by  the  flame 

of  pure  hydroRen  is  exceedingly  feeble,  yet  the  temperature  of  the  flame  ia 

very  high.     The  temperature  may  be  still  further  exalted  by  previously 

mixing  the  hydrogen  with  as  much  oxygen  as  it  requires  for  combination, 

•  Graham,  Phil.  Trans.  1«*>6;  Journal  of  the  Chemical  Society,  [2]  ▼.  236. 
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that  is,  as  will  presently  be  seen,  with  half  its  Tolume.  Such  a  mixture 
burns  like  gunpowder,  independently  of  the  external  air.  When  raised  to 
the  temperature  required  for  combination,  the  two  gases  unite  with  explo- 
sive violence.  If  a  strong  bottle,  holding  not  more  than  half  a  pint'  be 
filled  wiih  such  a  mixture,  the  introduction  of  a  lighted  match  or  red-hot 
wire  determines  in  a  moment  the  union  of  the  gases.  By  certain  precau- 
tions, a  mixture  of  oxygen  and  hydrogen  can  be  burned  at  a  jet  without 
communication  of  fire  to  the  contents  of  the  vessel ;  the  flame  is  in  this  case 
solid 

A  little  consideration  will  show,  that  all  ordinary  flames  burning  in  the 
sir  or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of  combustion  is 
nothing  more  than  the  energetic  union  of  the  substance  burned  with  the 
surrounding  oxygen ;  and  this  union  can  take  place  only  at  the  surface  of 
the  burning  body.  Such  is  not  the  case,  however,  with  the  flame  now 
under  consideration ;  the  combustible  and  the  oxygen  are  already  mixed, 
and  only  require  to  have  their  temperature  a  little  raised  to  cause  them  to 
eombine  in  every  part.  The  flame  so  produced  is  very  different  in  physical 
characters  from  that  of  a  simple  jet  of  hydrogen  or  any  other  combustible 
gas;  it  is  long  and  pointed,  and  very  remarkable  in  appearance. 

The  safety-jet  of  Mr.  Hemming,  the  construction  of  which  involves  a 
principle  not  yet  discussed,  may  be  adapted  to  a  common  bladder  contain- 
ing the  mixture,  and  held  under  the  arm,  and  the  gas  forced  through  the 
jet  by  a  little  pressure.  Although  this  jet,  properly  constructed,  is  believed 
to  be  safe,  it  is  best  to  use  nothing  stronger  than  a  bladder,  for  fear  of  in- 
jury in  the  event  of  an  explosion.  The  gases  are  often  contained  in  sepa- 
rate reservoirs,  a  pair  of  large  gas-holders,  for  example,  and  only  suffered 
to  mix  in  the  jet  itself,  as  in  the  contrivance  of  Professor  Daniell :  in  this 
way  all  danger  is  avoided.  The  eye  speedily  becomes  accustomed  to  the 
peculiar  appearance  of  the  true  hydro-oxygen  flame,  so  as  to  permit  the 
supply  of  each  gas  to  be  exactly  regulated  by  suitable  stop-cocks  attached 
to  the  jet  (fig.  98). 
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A  piece  of  thick  platinum  wire  introduced  into  the  flame  of  the  hydro- 
oxygen  blowpipe  melts  with  the  greatest  ease;  a  watch-spring  or  small 
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steel  file  burns  with  the  utmost  brilliancy,  throwing  off  showers  of  beautiful 
sparks ;  an  incombustible  oxidized  body,  as  magnesia  or  lime,  becomes  so 
intensely  ignited  as  to  glow  with  a  light  insupportable  to  the  eye,  and  to 
be  susceptible  of  employment  as  a  most  powerful  illuminator,  as  a  sub- 
stitute for  the  sun's  rays  in  the  solar  microscope,  and  for  night-signals  is 
trigonometrical  surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of  hydrogen 
(fig.  99),  a  series  of  musical  sounds  are  sometimes  produced  by  the  partial 
extinction  and  rekindling  of  the  flame  by  the  ascending  current  of  air. 

These  little  explosions  succeed  each  other  at  regular  intervals,  and  so 
rapidly  as  to  give  rise  to  a  musical  note,  the  pitch  depending  chiefly  upon 
the  length  and  diameter  of  the  tube. 

Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common  tempera- 
tures for  any  length  of  time,  without  combination  taking  place,  yet,  under 
particular  circumstances,  they  unite  quietly  and  without  explosion.  Many 
years  ago,  Professor  Dobereiner,  of  Jena,  made  the  curious  observation, 
that  finely  divided  platinum  possessed  the  power  of  determining  the  union 
of  the  gases;  and,  more  recently,  Mr.  Faraday  has  shown  that  the  state  of 
minute  division  is  by  no  means  indispensable,  since  rolled  plates  of  the 
metal  have  the  same  property,  provided  their  surfaces  are  absolutely  clean. 
Neither  is  the  effect  strictly  confined  to  platinum ;  other  metals,  as  palla- 
dium and  gold,  and  even  stones  and  glass,  exhibit  the  same  property,  al- 
though to  a  far  inferior  degree,  since  they  often  require  to  be  aided  by  a 
little  heat.  When  a  piece  of  platinum-foil,  which  has  been  cleaned  by  hot 
oil  of  vitriol  and  thorough  washing  with  distilled  water,  is  thrust  into  a 
jar  containing  a  mixture  of  oxygen  and  hydrogen  standing  over  water, 
combination  of  the  two  gases  immediately  begins,  and  the  level  of  the  water 
rapidly  rises,  while  the  platinum  becomes  so  hot  that  drops  of  water  acci- 
dentally falling  upon  it  enter  into  ebullition.  If  the  metal  be  very  thin  and 
exceedingly  clean,  and  the  gases  very  pure,  its  temperature  rises  after  a 
time  to  actual  redness,  and  the  residue  of  the  mixture  explodes.  But  this 
is  an  effect  altogether  accidental,  and  dependent  upon  the  high  temperature 
of  the  platinum,  which  high  temperature  has  been  produced  by  the  pre- 
ceding quiet  combination  of  the  two  bodies.  When  the  platinum  is  reduced 
to  a  state  of  minute  division,  and  its  surface  thereby  much  extended,  it  be- 
comes immediately  red-hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydro- 
gen and  air;  a  jet  of  hydrogen  thrown  upon  a  little  of  the  spongy  metal, 
contained  in  a  glass  or  capsule,  is  at  once  kindled,  and  on  this  principle 
machines  for  the  production  of  instantaneous  light  have  been  constructed. 

These,  however,  act  well  only  when  constantly  used ;  the  spongy  plati- 
num is  apt  to  become  damp  by  absorption  of  moisture  from  the  air,  and  its 
power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is  to  sup- 
pose that  solid  bodies  in  general  have,  to  a  greater  or  less  extent,  the  prop- 
erty of  condensing  gases  upon  their  surfaces,  or  even  liquefying  them  (as 
shown  p.  189),  and  that  this  faculty  is  exhibited  preeminently  by  certain 
of  the  non-ox  id  izable  metals,  as  platinum  and  gold.  Oxygen  and  hydrogen 
may  thus,  under  these  circumstances,  be  brought,  as  it  were,  within  the 
sphere  of  their  mutual  attractions  by  a  temporary  increase  of  density, 
whereupon  combination  ensues. 

Coal-gas  and  ether  or  alcohol  vapor  may  be  made  to  exhibit  the  phenom- 
enon of  quiet  oxidation  under  the  influence  of  this  remarkable  surface-ac- 
tion. A  close  spiral  of  slender  platinum  wire,  a  roll  of  thin  foil,  or  even  a 
common  platinum  crucible,  heated  to  dull  redness,  and  then  held  in  a  jet  of 
coal-gas,  becomes  strongly  ignited,  and  remains  in  that  state  as  long  as  the 
supply  of  mixed  gas  and  air  is  kept  up,  the  temperature  being  maintained 
by  the  heat  disengaged  in  the  act  of  union.  Sometimes  the  metal  becomes 
white-hot,  and  then  the  gas  takes  fire. 
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A  very  pleasing  experiment  may  be  made  by  attaching  rach  a  coil  of  wire 
to  a  cord,  and  suspending  it  in  a  glass  containing  a  few  drops  of  ether, 
luring  previously  made  it  red-hot  in  the  flame  of  a  spirit- 
lamp.  The  wire  continues  to  glow  until  the  oxygen  of 
the  air  is  exhausted,  giving  rise  to  the  production  of  an 
irritating  vapor  which  attacks  the  eyes.  The  combustion 
of  the  ether  is  in  this  case  but  partial ;  a  portion  of  its 
hydrogen  is  alone  removed,  and  the  whole  of  the  carbon 
left  untouched. 

A  coil  of  thin  platinum  wire  may  be  placed  over  the 
wick  of  a  spirit-lamp,  or  a  ball  of  spongy  platinum  sus- 
tained just  above  the  cotton :  on  lighting  the  lamp,  and 
then  blowing  it  out  as  soon  as  the  metal  appears  red-hot, 
slow  combustion  of  the  spirit  drawn  up  by  the  capillarity 
of  the  wick  will  take  place,  accompanied  by  the  pungent 
vapors  just  mentioned,  which  may  be  modified,  and  even 
rendered  agreeable,  by  dissolving  in  the  liquid  some 
sweet-smelling  essential  oil  or  resin. 

Hydrogen  forms  numerous  compounds  with  other  bodies,  although  it  is 
greatly  surpassed  in  this  respect,  not  only  by  oxygen,  but  by  many  of  the 
other  elements.  The  chemical  relations  of  hydrogen  tend  to  place  it  among 
the  metals.  The  great  discrepancy  in  physical  properties  is  perhaps  more 
apparent  than  real.  Hydrogen  is  not  yet  known  in  the  solid  state,  while, 
on  the  other  hand,  the  vapor  of  the  metal  mercury  is  as  transparent  and 
colorless  as  hydrogen  itself.  This  vapor  is  only  about  seven  times  heavier 
than  atmospheric  air,  so  that  the  difference  in  this  respect  is  not  nearly  so 
great  as  that  in  the  other  direction  between  air  and  hydrogen. 

There  are  two  oxides  of  hydrogen  —  namely,  water,  and  a  very  peculiar 
substance,  discovered  in  the  year  1818  by  M.  Thlnard,  called  hydrogen 
dioxide. 

It  appears  that  the  composition  of  water  was  first  demonstrated  in  the 
year  1781  by  Cavendish ;  *  but  the  discovery  of  the  exact  proportions  in 
which  oxygen  and  hydrogen  unite  in  generating  that  most  important  com- 
pound has,  from  time  to  time  to  the  present  day,  occupied  the  attention  of 
some  of  the  most  distinguished  cultivators  of  chemical 
science.  There  are  two  distinct  methods  of  research  in 
chemistry  —  the  analytical,  or  that  in  which  the  com- 
pound is  resolved  into  its  elements,  and  the  synthetical, 
in  which  the  elements  are  made  to  unite  and  produce 
the  compound.  The  first  method  is  of  much  more  gen- 
eral application  than  the  second ;  but  in  this  particular 
instance  both  may  be  employed,  although  the  results  of 
the  synthesis  are  the  more  valuable. 

The  decomposition  of  water  may  be  effected  by  voltaic 
electricity.  When  water  is  acidulated  so  as  to  render  it 
a  conductor,  f  and  a  portion  interposed  between  a  pair 
«f  platinum  plates  connected  with  the  extremities  of  a 
Tohaie  apparatus  of  moderate  power,  decomposition  of 
the  liquid  takes  place  in  a  very  interesting  manner ;  oxy- 
gen, in  a  state  of  perfect  purity,  is  evolved  from  the  wa- 
ter ia  contact  with  the  plate  belonging  to  the  copper  end 
&f  the  battery,  and  hydrogen,  equally  pure,  is  disengaged  at  the  plate  con- 

0  A  dtin  to  the  discovery  of  the  composition  of  water,  on  behalf  of  James  Watt,  has  been 
tj  ttrcegty  urged,  and  supported  by  such  evidence  that  the  reader  of  the  controverny  may 
fc»  lad  to  the  conclusion  that  the  discovery  was  made  by  both  parties,  nearly  ttiinultftneously, 
**i  nknown  to  each  other.  See  the  article  "  Gas,"  by  Dr.  Paul,  in  Watts's  Dictionary  of  Cbeni- 
1*7,1.780. 

t  Set  the  section  on  "  Electro-chemical  Decomposition." 
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nected  with  the  tine  extremity,  the  middle  portions  of  liquid  remaining  ap- 
parently unaltered.  By  placing  small  graduated  jars  over  the  platinum 
plates,  the  gases  can  be  collected,  and  their  quantities  determined.  The 
whole  arrangement  is  shown  in  fig.  101 ;  the  conducting  wires  pass  through 
the  bottom  of  the  glass  cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a  sufficient  time,  it  will  be 
found  that  the  volume  of  the  hydrogen  is  a  very  little  above  twice  that  of 
the  oxygen :  were  it  not  for  the  accidental  circumstance  of  oxygen  being 
sensibly  more  soluble  in  water  than  hydrogen,  the  proportion  of  two  to 
one  by  measure  would  come  out  exactly. 

Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its  constit- 
uents by  heat.      The  effect  is  produced  by  introducing  platinum  balls, 
ignited  by  electricity  or  other  means,  into  water  or  steam. 
The  two  gases  are  obtained  in  very  small  quantities  at  a 
time. 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are 
mixed  in  the  proportions  mentioned,  passed  into  a  strong 
glass  tube  standing  over  mercury,  and  exploded  by  the  elec- 
tric spark,  all  the  mixture  disappears,  and  the  mercury  is 
forced  up  into  the  tube,  filling  it  completely.  The  same 
experiment  may  be  made  with  the  explosion-vessel  or  eudi- 
ometer of  Cavendish  (fig.  102).  The  instrument  is  exhausted 
at  the  air-pump,  and  then  filled  from  a  capped  jar  with  the 
mixed  gases;  on  passing  an  electric  spark  by  the  wires 
shown  at  a,  explosion  ensues,  and  the  glass  becomes  bedewed 
with  moisture;  and  if  the  stop-cock  be  then  opened  under 
water,  the  latter  will  rush  in  and  fill  the  vessel,  leaving 
merely  a  bubble  of  air,  the  result  of  imperfect  exhaustion. 
The  process  upon  which  most  reliance  is  placed,  is  that  in 
which  pure  copper  oxide  is  reduced  at  a  red-heat  by  hy- 
drogen, and  the  water  so  formed  is  collected  and  weighed. 
This  oxide  suffers  no  change  by  heat  alone,  but  the  momen- 
tary contact  of  hydrogen,  or  any  common  combustible  mat- 
ter, at  a  high  temperature,  suffices  to  reduce  a  corresponding 
portion  to  the  metallic  state.  Fig.  103  will  serve  to  convey 
some  idea  of  the  arrangement  adopted  in  researches  of  this 
kind. 

A  copious  supply  of  hydrogen  is  procured  by  the  action 
of  dilute  sulphuric  acid  upon  the  purest  zinc  that  can  be 
obtained ;  the  gas  is  made  to  pass  in  succession  through  so- 
lutions of  silver  and  strong  caustic  potash,  by  which  its 
purification  is  completed.  After  this  it  is  conducted  through 
a  tube  three  or  four  inches  in  length,  filled  with  fragments 
of  pumice-stone  steeped  in  concentrated  oil  of  vitriol,  or 
with  anhydrous  phosphoric  acid.  These  Bubstances  have  so 
great  an  attraction  for  aqueous  vapor,  that  they  dry  the  gas 
completely  during  its  transit.  The  extremity  of  this  tube 
is  shown  at  a.  The  dry  hydrogen  thus  arrives  at  the  part 
of  the  apparatus  containing  the  copper  oxide  represented 
at  b;  this  consists  of  a  two-necked  flask  of  very  hard  white  glass,  main- 
tained at  a  red-heat  by  a  spirit-lamp  placed  beneath.  As  the  decomposition 
proceeds,  the  water  produced  by  the  reduction  of  the  oxide  begins  to  con- 
dense in  the  second  neck  of  the  flask,  whence  it  drops  into  the  receiver  c, 
provided  for  the  purpose.  A  second  desiccating  tube  prevents  the  loss  of 
aqueous  vapor  by  the  current  of  gas  which  passes  in  excess. 

Before  the  experiment  can  be  commenced,  the  copper  oxide,  the  purity 
of  which  is  wel]  ascertained,  must  be  heated  to  rednesB  for  some  time  in  a 
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current  of  dry  air;  it  is  then  suffered  to  cool,  and  very  carefully  weighed 
with  the  flask.  The  empty  receiver  and  second  drying-tube  are  also  weighed, 
the  disengagement  of  gas  set  up,  and  when  the  air  has  been  displaced,  heat 

J^.  103. 


is  slowly  applied  to  the  oxide.  The  action  is  at  first  very  energetic ;  the 
oxide  often  exhibits  the  appearance  of  ignition ;  but  as  the  decomposition 
proceeds,  it  becomes  more  sluggish,  and  requires  the  application  of  a  con- 
siderable heat  to  effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool,  the 
stream  of  gas  is  discontinued,  dry  air  is  drawn  through  the  whole  arrange- 
ment, and,  lastly,  the  parts  are  disconnected  and  reweighed.  The  loss  of 
the  copper  oxide  gives  the  oxygen;  the  gain  of  the  receiver  and  its 
drying-tube  indicates  the  water;  and  the  difference  between  the  two, 
the  hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1820,*  by  Dulong  and 
Benelius,  gave  as  a  mean  result,  for  the  composition  of  water  by  weight, 
8-009  parts  oxygen  to  1  part  hydrogen ;  numbers  so  nearly  in  the  proportion 
of  8  to  1,  that  the  latter  have  usually  been  assumed  to  be  true. 

More  recently  the  subject  has  been  reinvestigated  by  Dumas,  f  with  the 
most  scrupulous  precision,  and  the  above  supposition  fully  confirmed.  The 
composition  of  water  may  therefore  be  considered  as  established ;  it  con- 
tains by  weight  8  parts  oxygen  to  1  part  hydrogen,  and  by  measure,  1  vol- 
ume oxygen  to  2  volumes  hydrogen.  The  densities  of  the  gases,  as  already 
mentioned,  correspond  very  closely  with  these  results. 

The  physical  properties  of  water  are  too  well  known  to  need  lengthened 
description :  it  is,  when  pure,  colorless  and  transparent,  destitute  of  taste 
and  odor,  and  an  exceedingly  bad  conductor  of  electricity  of  low  tension. 
It  Attains  its  greatest  density  towards  4-5°  C.  (40°  F.),  freezes  at  0°  C.  (82° 
F.),J  and  boils  under  the  ordinary  atmospheric  pressure  at  or  near  100°  C. 
(212°  F.).     It  evaporates  at  all  temperatures. 

The  weight  of  a  cubic  centimetre  of  water  at  the  maximum  density  is 
chosen  as  the  unit  of  weight  of  the  metrical  system,  and  called  a  gram; 
consequently  a  litre  or  cubic  decimetre  =  100  cubic  centimetres  of  water, 
st  the  same  temperature,  weighs  1000  grams,  or  1  kilogram. 

A  cubic  inch  of  water  at  16-7°  C.  (62°  F.)  weighs  252-45  grains;  a  cubic 
foot  weighs  nearly  1000  ounces  avoirdupois ;  and  an  imperial  gallon  weighs 
70,000  grains,  or  10  lbs.  avoirdupois.  Water  is  825  times  heavier  than  air. 
To  all  ordinary  observations,  it  is  incompressible;  very  accurate  experi- 
ments have  nevertheless  shown  that  it  does  yield  to  a  small  extent  when 
the  power  employed  is  very  great,  the  diminution  of  volume  for  each  atmo- 
sphere, of  pressure  being  about  51 -millionth  of  the  whole. 

Clear  water,  although  colorless  in  small  bulk,  is  blue  like  the  atmosphere 
when  viewed  in  mass.     This  is  seen  in  the  deep  ultramarine  tint  of  the 

•  Abb.  CMiii.  Phy».  xr.  3*6.  t  Ibid.  3d  serf**,  vHf .  1 M>. 

X  According  to  Ditfunr,  the  specific  gravity  of  ice  is  0  9175;  water,  therefore,  on  freezing, 
~~     *»  &jr  Xta  of  ita  rolume. 
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ocean,  and  perhaps  in  a  still  more  beautiful  manner  in  the  lakes  of  Switier- 
land  and  other  Alpine  countries,  and  in  the  rivers  which  issue  from  them, 
the  slightest  admixture  of  mud  or  suspended  impurity  destroying  the  effect. 
The  same  magnificent  color  is  visible  in  the  fissures  and  caverns  found  in  the 
ice  of  the  glaciers,  which  is  usually  extremely  pure  and  transparent  within, 
although  foul  upon  the  surface. 

The  specific  gravity  of  steam  or  vapor  of  water  is  found  by  experiment 
to  be  0*626,  compared  with  air  at  the  same  temperature  and  pressure,  or  9 
as  compared  with  hydrogen.  Now,  it  has  been  already  shown  that  water 
is  composed  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen ;  and 
if  the  weight  of  one  volume  of  hydrogen  be  taken  as  unity,  that  of  two 
volumes  hydrogen  (==  2)  and  one  volume  oxygen  (=  16)  will  together  make 
18,  which  is  the  weight  of  two  volumes  of  water-vapor.  Consequently 
water  m  the  state  of  vapor  consists  of  two  volumes  of  hydrogen  and  on*  volume  of 
oxygen  condensed  into  two  volumes,  A  method  of  demonstrating  this  important 
fact  by  direct  experiment  has  been  devised  by  Dr.  Hofmann.  It  consists  in 
exploding  a  mixture  of  two  volumes  hydrogen  and  one  volume  oxygen,  by 
the  electric  spark,  in  a  eudiometer  tube  enclosed  in  an  atmosphere  of  the 
vapor  of  a  liquid  (amylic  alcohol)  which  boils  at  a  temperature  considerably 
above  that  of  boiling  water,  so  that  the  water  produced  by  the  combination 
of  the  gases  remains  in  the  state  of  vapor  instead  of  at  once  condensing  to 
the  liquid  form.  It  is  then  seen  that  the  three  volumes  of  mixed  gas  are 
reduced  after  the  explosion  to  two  volumes.* 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect  purity :  even 
the  rain  which  falls  in  the  open  country  contains  a  trace  of  ammoniacal 
salt,  while  rivers  and  springs  are  invariably  contaminated  to  a  greater  or 
less  extent  with  soluble  matters,  saline  and  organic.  Simple  filtration 
through  a  porous  stone  or  a  bed  of  sand  will  separate  suspended  impurities, 
but  distillation  alone  will  free  the  liquid  from  those  which  are  dissolved. 
In  the  preparation  of  distilled  water,  which  is  an  article  of  large  consump- 
tion in  the  scientific  laboratory,  it  is  proper  to  reject  the  first  portions 
which  pass  over,  and  to  avoid  carrying  the  distillation  to  dryness.  The 
process  may  be  conducted  in  a  metal  still  furnished  with  a  worm  or  condenser 
of  silver  or  tin ;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  saline  matter  carried  down  by  the 
rivers  which  drain  the  land :  hence  the  vast  accumulation  of  salts.  The 
following  table  will  serve  to  convey  an  idea  of  the  ordinary  composition  of 
sea-water ;  the  analysis  is  by  Dr.  Schweitier,f  of  Brighton,  the  water  being 
that  of  the  British  Channel: 


1000  grains  contained — 

Water 

.            . 

964-745 

Sodium  Chloride 

#            # 

27  059 

Potassium  Chloride 

•            •            • 

0-766 

Magnesium  Chloride     . 

#            . 

8-666 

Magnesium  Bromide 

•            • 

0029 

Magnesium  Sulphate     . 

.            . 

2-296 

Calcium  Sulphate    . 

.            . 

1-406 

Calcium  Carbonate 

.            . 

0033 

Traces  of  Iodine  and  Ammoniacal  salt 

•  • 

1000000 

Its  specific  gravity  was  found  to  be  1-0274  at  15-6  C.  (60°  F.). 
Sea-water  is  liable  to  variations  of  density  and  composition  by  the  influ- 

•  For  a  description  of  the  apparatus,  tee  Hoftnanrii M  Modern  Cheuietrjr  "  (1866),  p.  6L 
f  Philosophical  Masaafne,  Jifly,  1889. 
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ence  of  local  causes,  such  as  the  proximity  of  large  rivers,  or  masses  of 
melting  ice,  and  other  circumstances. 

Natural  springs  are  often  impregnated  to  a  great  extent  with  soluble 
substances  derived  from  the  rocks  they  traverse :  such  are  the  various 
mineral  waters  scattered  over  the  whole  earth,  and  to  which  medicinal 
Tirtaes  are  attributed.  Some  of  these  hold  ferrous  oxide  in  solution,  and 
are  effervescent  from  carbonic  acid  gas ;  others  are  alkaline,  probably  from 
traversing  rocks  of  volcanic  origin ;  some  contain  a  very  notable  quantity 
of  iodine  or  bromine.  Their  temperatures,  also,  are  as  variable  as  their 
chemical  nature.  A  tabular  notice  of  some  of  the  most  remarkable  of  these 
waters  will  be  found  in  the  Appendix. 

Water  enters  into  direct  combination  with  other  bodies,  forming  a  class 
of  compounds  called  hydrate*;  the  action  is  often  very  energetic,  much 
heat  being  evolved,  as  in  the  case  of  the  slaking  of  lime,  which  is  really 
the  production  of  a  hydrate  of  that  base.  Sometimes  the  attraction  be- 
tween the  water  and  the  second  body  is  so  great  that  the  compound  is  not 
decomposable  by  any  heat  that  can  be  applied ;  the  hydrates  of  potash  and 
soda,  and  of  phosphoric  oxide,  furnish  examples.  Oil  of  vitriol  is  a  hy- 
drate of  sulphuric  oxide,  from  which  the  water  cannot  be  thus  separated. 

Water  very  frequently  combines  with  saline  substances  in  a  less  inti- 
mate manner  than  that  above  described,  constituting  what  is  called  water 
of  crystallization,  from  its  connection  with  the  geometrical  figure  of  the  salt. 
In  this  case  it  is  easily  driven  off  by  the  application  of  heat. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any  other 
liquid  known.  Among  salts  a  very  large  proportion  are  soluble  to  a  greater 
or  less  extent,  the  solubility  usually  increasing  with  the  temperature,  so 
that  a  hot  saturated  solution  deposits  crystals  on  cooling.  There  are  a 
few  exceptions  to  this  law,  one  of  the  most  remarkable  of  which  is  com- 


80 
70 

60 

wi 

40  sr 

I 

80S. 
20 

10 
5 


0°    W    20°    30°      40°     50°      60°      70°      80°      90°     100°    110°  P.. 
*2»    60°    68°    86°    104°    122°    140°     158°    176°     194°     212°     230°  6*  /. 
Temperature. 

bob  salt,  the  solubility  of  which  is  nearly  the  same  at  all  temperatures : 
the  hydrate  and  certain  organic  salts  of  calcium,  also,  dissolve  more  freely 
in  cold  than  in  hot  water. 


Fig.  10 

1.  —  Solubility  of  Salts  in  100  parts  of  Wattr. 
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The  din  gram  (fig.  104)  exhibit*  the  unequal  solubility  of  different  raits 
in  water  of  different  temperatures.  The  Una  of  solubility  out  the  verticals 
raised  from  points  indicating  the  temperatures,  upon  the  lower  horizontal 
line,  at  heights  proportioned  to  the  quantities  of  salt  dissolved  by  100 
parts  of  water.  The  diagram  shows,  for  example,  that  100  parts  of  water 
dissolve,  of  potassium  sulphate  8  pts.  at  0°  C,  17  pts.  at  60°,  and  26  pts. 
at  100°.  There  are  salts  which,  like  sodium  chloride,  possess,  as  already 
mentioned,  very  nearly  the  same  degree  of  solubility  in  water  at  all  tem- 
peratures ;  in  others,  like  potassium  sulphate  or  potassium  chloride,  the 
solubility  increases  directly  with  the  increment  of  temperature;  in  others, 
again,  like  potassium  nitrate  or  potassium  chlorate,  the  solubility  aug- 
ments much  more  rapidly  than  the  temperature.  The  diagram  exhibits  the 
differences  in  the  deportment  of  these  different  salts  very  conspicuously, 
by  a  straight  horizontal  line,  by  a  straight  inclined  line,  and  lastly  by 
curves,  the  convexity  of  which  is  turned  toward  the  lower  horixontal  line. 

In  the  diagram,  the  solubility  of  salt  is  represented  by  the  quantity  of 
anhydrous  salt  dissolved  by  100  parts  of  water.  This  is,  in  fact,  the  com- 
mon mode  of  stating  the  solubility  of  salts.  It  is  obvious,  however,  that 
salts  containing  water  of  hydration  or  water  of  crystallisation  cannot, 
within  certain  limits  of  temperature,  dissolve  in  water  in  the  anhydrous 
state,  but  must  be  dissolved  as  hydrates.  The  solubility  of  a  hydrated  salt 
frequently  differs  very  considerably  from  that  of  the  same  salt  in  the  anhy- 
drous state.  Again,  many  salts  form  more  than  one  hydrate ;  and  these 
Several  hydrates  may  also  differ  in  their  solubility.  8odinm  sulphate 
forms  a  peculiar  hydrate,  consisting,  in  100  parts,  of  68  parts  of  anhy- 
drous salt  and  47  parts  of  water,  which  is  obtained  in  crystals,  when  a 
solution  of  sodium  sulphate,  saturated  at  100°  C.  (212°  F.),  is  considerably 
cooled  out  of  contact  with  the  air:  this  hydrate  is  much  more  soluble  than 
Glauber's  salt,  the  other  hydrate  of  sodium  sulphate,  which  differs  from 
the  former  one  in  its  crystalline  form,  and  consists,  in  100  parts,  of  44  2 
parts  of  anhydrous  salt  and  65-8  parts  of  water.  When  a  solution  of 
sodium  sulphate  is  saturated  at  the  boiling-point  of  water,  and  cooled  to 
the  common  temperature  without  depositing  any  crystals,  the  salt  exists  in 
the  form  of  the  more  soluble  hydrate.  This  salt,  when  coming  in  contact 
with  the  dust  of  the  air,  or  with  a  small  crystal  o.~  common  Glauber's  salt, 
is  suddenly  transformed  into  the  less  soluble  hydrate,  part  of  which  sepa- 
rates from  the  solution,  in  the  form  of  Glauber's  salt.  From  0°  to  33°  C. 
(82°  to  91°  F.)  sodium  sulphate  dissolves  as  Glauber's  salt,  the  solubility  of 
which  increases  with  the  temperature ;  hence  the  rapid  rise  of  the  curve 
representing  the  solubility  of  the  salt  in  the  diagram.  Above  88°  C. 
(91°  F.)  the  hydrate  of  sodium  sulphate  is,  even  in  solution,  decomposed, 
being  more  and  more  thoroughly  converted 'into  the  anhydrous  salt  as  the 
temperature  increases.  Sodium  sulphate  appears,  however,  far  less  solu- 
ble in  the  anhydrous  state,  and  hence  the  diminution  of  solubility  of,  the 
salt  when  its  solution  is  heated  above  33°  C.  (91°  F.),  which  is  exhibited  by 
the  diagram. 

Liquid  Diffusion.  Dialysis. — When  a  solution  having  a  sp.  gr.  greater 
than  water  is  introduced  into  a  cylindrical  glass  vessel,  and  then  water  very 
cautiously  poured  upon  it,  in  such  a  manner  that  the  two  layers  of  liquid 
remain  unmoved,  the  substance  dissolved  in  the  lower  liquid  will  gradually 
pass  into  the  supernatant  water,  though  the  vessel  may  have  been  left  un- 
disturbed, and  the  temperature  remain  unchanged.  This  gradual  passage 
of  a  dissolved  substance  from  its  original  solution  into  pure  water,  taking 
place  notwithstanding  the  higher  specific  gravity  of  the  substance  which 
opposes  this  passage,  is  called  the  diffusion  of  liquids.  The  phenomena  of  this 
diffusion  have  been  lately  investigated  by  Mr.  Graham,  who  has  arrived  at 
very  important  results.     Different  substances,  when  in  solution  of  the  same 
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concentration,  and  under  other  similar  circumstances,  diffuse  with  very 
unequal  Telocity.  Hydrochloric  acid,  for  instance,  diffuses  with  greater 
rapidity  than  potassium  chloride,  potassium  chloride  more  rapidly  than 
sodium  chloride,  and  the  latter,  again,  mure  quickly  than  magnesium  sul- 
phate; gelatin,  albumin,  and  caramel  diffuse  very  slowly.  Diffusion  is 
generally  found  to  take  place  more  rapidly  at  high  than  at  low  temperatures. 
Diffusion  is  more  particularly  rapid  with  crystallised  substances,  though 
not  exclusively,  for  hydrochloric  acid  and  alcohol  are  among  the  highly 
diffusive  bodies.  Diffusion  is  slow  with  non-crystalline  bodies,  which,  like 
gelatin,  are  capable  of  forming  a  jelly,  though  even  here  exceptions  are 
met  with.  Mr.  Graham  calls  the  substances  of  great  diffusibility  crystal-  . 
Umi$t  the  substances  of  low  diffusibility  colloids  The  unequal  power  of 
diffusion  with  which  different  substances  are  endowed  frequently  furnishes 
the  means  of  separating  them.  When  water  is  poured  with  caution,  so  as 
to  prevent  mixing,  upon  a  solution  containing  equal  quantities  of  potassium 
chloride  and  sodium  chloride,  the  more  diffusible  potassium  chloride  travels 
more  rapidly  upwards  than  the  less  diffusible  sodium  chloride,  and  very 
considerable  portions  of  potassium  chloride  will  have  reached  the  upper 
layers  of  the  water  before  the  sodium  chloride  has  arrived  there  in  ap- 
preciable quantity.  The  separation  of  rapidly  diffusible  crystalloids  and 
slowly  diffusible  colloils  succeeds  still  better. 

A  more  perfect  separation  of  crystalloids  and  colloids  may  be  accom- 
plished in  the  following  manner :  Mr.  Graham  has  made  the  important  ob- 
servation, that  certain  membranes,  and  also  parchment  paper,  when  in 
contact,  on  the  one  surface,  with  a  solution  containing  a  mixture  of  crys- 
tallotlal  and  colltilal  substances,  and,  on  the  other  surface,  with  pure 
water,  will  permit  the  passage  to  the  water  of  the  crystalloids,  but  not  of 
the  colloids.  To  carry  out  this  important  mode  of  separation,  which  is  des- 
ignated by  the  term  dialyxis,  the  lower  mouth  of  a  glass  vessel,  open  on 
both  sides  (fig.  105),  is  tied  over  with  parchment  paper  placed  upon  an  ap- 
propriate support  (tig.  106),  and  transferred,  together  with  the  latter,  into 
a  larger  vessel  filled  with  water  (fig.  107) ;  or  the  vessel  may  be  suspended, 
as  shown  in  fig.  108.     The  liquid  containing  the  different  substances  in 
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Fig.  108. 


solution  is  then  poured  into  the  inner  vessel,  so  as  to  form  a  layer  of 
about  half  an  inch  in  height  upon  the  parchment  paper.     The  crystalloidal 
substances  gradually  pass  through  the  parchment  paper  into  the  outer 
13* 
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water,  which  may  be  renewed  from  time  to  time :  the  colloidal  substances 
are  almost  entirely  retained  by  the  liquid  in  the  inner  vessel.  In  this  man- 
ner Mr.  Graham  has  prepared  several  colloids,  free  from  crystalloids ;  he 
has  shown,  moreover,  that  poisonous  crystalloids,  such  as  arsenioua  acid 
or  strychnine,  even  when  mixed  with  very  large  proportions  of  colloidal 
substances,  pass  over  into  the  water  of  the  dialyzer  in  sueh  a  state  of 
purity  that  their  presence  may  be  established  by  re-agents  with  the  utmost 
facility. 

Osmose. — When  two  different  liquids  are  separated  by  a  porous  dia- 
phragm, as,  for  instance,  by  a  membrane,  and  the  liquids  mix  through  this 
diaphragm,  it  is  found  that  in  most  cases  the  quantities  travelling  in  op- 
posite direction  are  unequal.  Suppose  three  cylinders,  the  lower  mouths 
of  which  are  tied  over  with  bladders,  filled  respectively  with  concentrated 
solutions  of  copper  sulphate,  sodium  chloride,  and  alcohol,  and  let  them  be 
immersed  in  vessels  containing  water  to  such  a  depth  that  the  liquids  inside 
and  outside  are  level  (fig.  109).  After  some  time  the  liquid  within  the 
tube  is  found  to  have  risen  appreciably  above  the  level  of  the  water 
(fig.  1 10).  On  the  other  hand,  if  the  cylinder  filled  with  pure  water  be  im- 
mersed in  *  solution  of  copper  sulphate,  or  of  sodium  chloride,  or  in  al- 
cohol, the  liquid  in  the  cylinder  is  seen  to  diminish  after  some  time  (fig  111). 
A  larger  quantity  of  water  passes  through  the  bladder  into  the  solution  of 
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copper  sulphate,  of  sodium  chloride,  or  into  alcohol,  than  the  amount  of 
either  of  these  three  liquids  which  passes  through  the  bladder  into  the 
water.  The  mixing  of  dissimilar  substances  through  a  porous  diaphragm 
is  called  osmose.  The  passage  in  larger  proportion  of  one  liquid  into  an- 
other is  designated  by  the  term  exosmose. 

These  phenomena  are  due  to  the  attraction  which  the  two  liquids  have 
for  each  other,  and  to  the  difference  of  the  attraction  exercised  by  the 
diaphragm  upon  these  liquids.  Bladder  takes  up  a  much  larger  quantity 
of  water  than  of  a  solution  of  Bait  or  of  alcohol.  Very  rarely  only  one  of 
the  liquids  traverses  the  diaphragm;  generally  two  currents  of  unequal 
strength  move  in  opposite  directions.  When  water  is  separated  by  an 
animal  membrane  from  a  solution  of  salt  or  from  alcohol,  not  only  is  a 
transition  of  water  to  these  liquids  observed,  but  a  small  quantity  of 
hydrochloric  acid  and  of  alcohol  also  passes  over  into  the  water.  In  some 
cases,  however,  when  colloidal  substances  in  concentrated  solutions  are  on 
one  side  of  the  diaphragm  and  water  on  the  other,  the  latter  alone  traverses 
the  diaphragm,  not  a  trace  of  the  former  passing  through  to  the  water. 

Water  likewise  dissolves  gases.  Solution  of  gases  in  water  (or  in  other 
liquids)  is  called  absorption,  unless  this  solution  gives  rise  to  the  formation 
of  chemical  compounds  in  definite  proportions.     The  phenomena  of  absorp- 
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lion  hare  been  more  particularly  studied  by  Bunsen,  and  it  is  to  this  phi- 
losopher that  we  are  indebted  for  the  most  accurate  examination  of  this 
nbjecL 

Water  dissolves  rery  unequal  quantities  of  the  different  gases  and  very 
unequal  quantities  of  the  same  gas  at  different  temperatures.  1  vol.  of 
water  absorbs,  at  the  temperatures  stated  in  the  table,  and  under  the  pres- 
sure of  90  inches  of  mercury,  the  following  volumes  of  different  gases, 
measured  at  0°  C.  and  30  inches  pressure : 


Oxygen. 

Nitrogen. 

Hydrogen. 

Nitrogen 
Monoxide. 

Carbon 
Dioxide. 

1°C. 

..     0-041 

0-020 

0.019 

1-31 

1.80 

10° 

.  .     0-033 

0016 

0-019 

0-92 

1-18 

20° 

.  .     0-028 

0-014 

0019 

0-67 

0-90 

Chlorine* 

Hydrogen 

Sulphurous 
Oxide. 

Hydrochlo- 

Ammo- 

Sulphide. 

ric  Acid. 

nia. 

0°C. 

.  .         — 

4-37 

63-9 

605 

1180 

10° 

.  .       2-59 

3-59 

86-4 

472 

898 

20° 

.  .       216 

2-91 

27-3 

441 

680 

80° 

.  .       1-75 

2-33 

20-4 

412 

536 

40° 

.  .       1-37 

1-86 

15-6 

887 

444 

When  the  pressure  increases,  a  larger  quantity  ef  the  gases  is  absorbed. 
Oases  moderately  soluble  in  water  follow  in  their  solubility  the  law  of 
Henry  and  Dalton,  according  to  which  the  quantity  of  gas  dissolved  is  pro- 
portional to  the  pressure.  At  10°  C.  1  vol.  of  water  absorbs  under  a  pres- 
sure of  1  atmosphere  1-18  vol.  of  carbon  dioxide,  measured  at  0°  and  under 
t  pressure  of  30  inches  mercury.  The  quantity  of  carbon  dioxide  dissolved 
under  a  pressure  of  2  atmospheres,  and  measured  under  conditions  pre- 
cisely similar  to  those  of  the  previous  experiments,  equals  2-86  voL  Again, 
1  toL  of  water  dissolves  under  a  pressure  of  £  atmosphere,  0.59  vol.  of 
carbon  dioxide  also  measured  at  0°  and  under  30  inches  of  mercury.  Gases 
which  are  exceedingly  soluble  in  water  do  not  obey  this  law,  except  at 
higher  temperatures,  when  the  solubility  has  been  already  considerably 
diminished. 

It  deserves,  however,  to  be  noticed,  that  the  pressure  which  determines 
the  rate  of  absorption  of  a  gas  is  by  no  means  the  general  pressure  to 
which  the  absorbing  liquid  is  exposed,  but  that  pressure  which  the  gas 
under  consideration  would  exert  if  it  were  alone  present  in  the  space  with 
which  the  absorbing  liquid  is  in  contact.  Thus,  supposing  water  to  be  in 
contact  with  a  mixture  of  1  vol.  of  carbon  dioxide  and  3  vol.  of  nitrogen, 
under  a  pressure  of  4  atmospheres,  the  amount  of  carbon  dioxide  dissolved 
by  the  water  will  be  by  no  means  equal  to  that  which  the  water  would  have 
absorbed  if  it  had  been  at  the  same  pressure  of  4  atmospheres  in  contact 
»ith  pare  carbon  dioxide.  In  a  mixture  of  carbon  dioxide  and  nitrogen 
in  the  stated  proportions,  the  carbon  dioxide  exercises  only  J,  the  nitrogen 
only  f.  of  the  total  pressure  of  the  gaseous  mixture  (4  atmospheres);  the 
partial  pressure  due  to  the  carbon  dioxide  is  in  this  case  1  atmosphere,  that 
doe  to  the  nitrogen  3  atmospheres;  and  water,  though  exposed  to  a  pressure 
of  4  atmospheres,  cannot,  under  these  circumstances,  absorb  more  carbon 
dioxide  than  it  would  if  it  were  in  contact  with  pure  carbon  dioxide  under 
a  pressure  of  1  atmosphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why  the  air 
which  is  absorbed  by  water  out  of  the  atmosphere  differs  in  composition 
from  atmospheric  air.  The  latter  consists  very  nearly  of  21  vol.  of  oxygen 
sad  79  vol.  of  nitrogen  In  atmospheric  air  which  acts  under  a  pressure  of 
1  atmosphere,  the  oxygen  exerts  a  partial  pressure  of  ^\\,  the  nitrogen  a 
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partial  pressure  of  ^  atmosphere.  At  10°  C.  (50°  P.)  1  vol.  of  water  (see 
the  above  table)  absorbs  0-033  vol.  of  oxygen,  and  0*016  vol.  of  nitrogen, 
supposing  these  gases  to  act  in  the  pure  state  under  a  pressure  of  1  atmo- 
sphere. But  under  the  partial  pressures  just  indicated,  water  of  10°  C. 
cannot  absorb  more  than  ffa  X  0-038=0-007  of  oxygen,  and  ^  *  0  01  <J 
=0-013  vol.  of  nitrogen.  In  0-007  -+-  0-0183=0-020  vol.  of  gaseous  mixture 
absorbed  by  water  there  are  consequently  0-007  vol.  of  oxygen,  and  0-013 
toI.  of  nitrogen,  or  in  20  vol.  of  this  mixture,  7  vol.  of  oxygen  and  13  toI. 
of  nitrogen,  or  in  100  vol.  of  the  gaseous  mixture,  85  vol.  of  oxygen  and 
69  vol.  of  nitrogen.  The  air  contained  at  the  common  temperature  in 
water  is  thus  seen  to  be  very  much  richer  in  oxygen  than  ordinary  atmo- 
spheric air. 

Water  containing  a  gas  in  solution,  when  exposed  in  a  vacuum  or  in  a 
space  filled  with  another  gas,  allows  the  gas  absorbed  to  escape  until  the 
quantity  retained  corresponds  with  the  share  of  the  pressure  belonging  to 
the  gas  evolved.  If  the  latter  be  constantly  removed  by  a  powerful  ab- 
sorbent or  by  a  good  air-pump,  it  is  in  most  cases  easy  to  separate  every 
trace  of  gas  from  the  water.  The  same  result  is  obtained  when  water  con- 
taining a  gas  in  solution  is  exposed  in  a  space  of  comparatively  infinite 
sixe  filled  with  another  gas.  Water  in  which  nitrogen  monoxide  is  dis- 
solved loses  the  latter  entirely  by  mere  exposure  to  the  atmosphere,  and 
the  gas  evolved  cannot,  at  any  moment,  exert  more  than  an  infinitely  small 
share  of  the  pressure.  If  water  be  freed  from  gases  by  ebullition,  the 
separation  depends  partly  upon  the  diminution  of  the  solubility  by  the  in- 
crease of  temperature,  partly  also  upon  the  formation  above  the  surface 
of  the  liquid  of  a  constantly  renewed  atmosphere  into  which  the  gas  still 
retained  by  the  liquid  may  escape. 

Some  gases  which  are  absorbed  in  large  quantities,  and  very  quickly  by 
water,  —  hydrochloric  acid,  for  instance, — cannot  be  perfectly  expelled 
either  by  the  protracted  action  of  another  gas  (exposure  to  the  atmosphere) 
or  by  ebullition ;  in  such  cases  the  liquid  still  charged  with  gas  evaporates 
as  a  whole  when  it  has  assumed  a  certain  composition.  This  composition 
varies,  however,  if  the  liquid  be  sobmitted  to  a  current  of  air,  with  the 
temperature;  and  if  it  be  boiled,  with  the  pressure  under  which  ebullition 
takes  place. 

Liquids  also  lose  the  gas  they  contain  in  solution  by  freexing:  hence  the 
air-bubbles  in  ice,  which  consist  of  the  air  which  had  been  absorbed  from 
the  atmosphere  by  the  water.  Qas  is  retained  by  liquids  at  the  freexing 
temperature  only  when  it  forms  a  chemical  combination  in  definite  propor- 
tion with  the  liquid.  Water  containing  chlorine  or  sulphurous  acid  in  so- 
lution freexes  without  evolution  of  gas,  with  formation  of  solid  hydrates  of 
chlorine  or  sulphurous  acid. 

Pure  water  generally  dissolves  gases  more  copiously  than  water  contain- 
ing solid  bodies  in  solution  (salt  water,  for  instance).  If  in  some  few  cases 
exceptions  are  observed  to  take  place,  they  appear  to  depend  upon  the  for- 
mation of  feeble  but  true  chemical  compounds  in  definite  proportion ;  the 
fact  that  carbon  dioxide  is  more  copiously  absorbed  by  water  containing 
sodium  phosphate  in  solution  than  by  pure  water  may  perhaps  be  explained 
in  this  manner. 

When  water  is  heated  in  a  strong  vessel  to  a  temperature  above  that  of 
the  ordinary  boiling-point,  its  solvent  powers  are  still  further  increased. 
Dr.  Turner  inclosed  in  the  upper  part  of  a  high-pressure  steam-boiler, 
worked  at  149°  C.  (800°  F.),  pieces  of  plate  and  crown  glass.  At  the  ex- 
piration of  four  months  the  glass  was  found  completely  corroded  by  the 
action  of  the  water;  what  remained  was  a  white  mass  of  silica,  destitute 
of  alkali,  while  stalactites  of  siliceous  matter,  above  an  inch  in  length, 
depended  from  the  little  wire  cage  which  enclosed  the  glass.     This  experi- 
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Bent  tends  to  illustrate  the  changes  which  may  be  produced  bj  the  action 
of  water  at  a  high  temperature  in  the  interior  of  the  earth  upon  felspathio 
sod  other  rocks.  The  phenomenon  is  manifest  in  the  Geyser  springs  of 
Iceland,  which  deposit  siliceous  sinter.* 

Htdboobx  Dioxide, f  sometimes  called  oxygenated  water,  is  an  exceedingly 
interesting  substance,  but  very  difficult  of  preparation.  It  is  formed  by  dis- 
solving barium  dioxide  in  dilute  hydrochloric  acid  carefully  cooled  by  ice, 
and  then  precipitating  the  barium  by  sulphuric  acid ;  the  excess  of  oxygen 
of  the  dioxide,  instead  of  being  disengaged  as  gas,  unites  with  a  portion 
of  the  water,  and  converts  it  into  hydrogen  dioxide.  This  treatment  is 
repeated  with  the  same  solution  and  fresh  portions  of  the  barium  dioxide, 
until  a  considerable  quantity  of  the  latter  has  been  consumed,  and  a  cor- 
responding amount  of  hydrogen  dioxide  formed.  The  liquid  yet  contains 
hydrochloric  acid,  to  get  rid  of  which  it  is  treated  in  succession  with  silver 
sulphate  and  baryta- water.  The  whole  process  requires  the  utmost  care 
and  attention.  The  barium  dioxide  itself  is  prepared  by  exposing  pure 
baryta,  contained  in  a  red-hot  porcelain  tube,  to  a  stream  of  oxygen.  The 
eolation  of  hydrogen  dioxide  may  be  concentrated  under  the  air-pump 
receiver  until  it  acquires  the  specific  gravity  of  1-45.  In  this  state  it  pre- 
sents the  aspect  of  a  colorless,  transparent,  inodorous  liquid,  possessing 
remarkable  bleaching  powers.  It  is  very  prone  to  decomposition ;  the  least 
elevation  of  temperature  causes  effervescence,  due  to  the  escape  of  oxygen 
gas;  near  100°  it  is  decomposed  with  explosive  violence.  Hydrogen  dioxide 
contains  exactly  twice  as  much  oxygen  as  water,  or  16  parts  to  1  part  of 
hydrogen. 

A  triozide  of hydrogen  is  said  to  exist,  although  it  has  never  been  obtained 
in  the  pore  state.  It  is  likewise  a  powerful  oxidising  agent,  and  altogether 
similar  in  its  properties  to  the  dioxide.  According  to  the  researches  of 
Dr.  Baumert,  minute  quantities  of  this  substance  are  formed  in  the  decom- 
position of  water  by  electricity,  and  impart  the  odor  by  which  the  prod- 
nets  of  this  process  are  characterised ;  but,  according  to  the  experiments 
of  Andrews  and  others,  already  referred  to  (p.  135),  the  supposed  trioxide 
really  consists  of  active  oxygen  or  oxone,  with  a  email  quantity  of  hydrogen 
dioxide. 


vitsoobv. 

Nitrogen  J  constitutes  about  four-fifths  of  the  atmosphere,  and  enters  into 
a  great  variety  of  combinations.  It  may  be  prepared  by  several  methods. 
One  of  the  simplest  of  these  is  to  burn  out  the  oxygen  from  a  confined  por- 
tion of  air  by  phosphorus,  or  by  a  jet  of  hydrogen. 

A  small  porcelain  capsule  is  floated  on  the  water  of  the  pneumatic  trough, 
and  a  piece  of  phosphorus  is  placed  in  it  and  set  on  fire.  A  bell-jar  is 
then  inverted  over  the  whole,  and  suffered  to  rest  on  the  shelf  of  the 

•  Philosophical  Mngaain*.  Oct.  1834. 

t  la  symbols  the  composition  of  water  and  hydrogen  dioxide  is  thus  expressed  :— 

Water On* 

Hydrogen  dioxide 0,IU 

X  t  c  Generator  of  nitre ;  also  called  Aaote,  from  a,  privative,  and  $*),  life. 
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trough,  so  m  to  project  a  little  orer  its  edge.    At  first  the  heat  causes 
expansion  of  the  Air  of  the  jar,  and  a  few  bubbles  are  expelled,  after 
which  the  level  of  the  water  rises  considerably.    When 
Fig.  112.  the  phosphorus  becomes  extinguished  by  exhaustion 

of  the  oxygen,  and  time  has  been  given  for  the  sub- 
sidence of  the  cloud  of  finely  divided  snow-like  phos- 
phoric oxide  which  floats  in  the  residual  gas,  the 
nitrogen  may  be  transferred  into  another  vessel,  and 
its  properties  examined. 

Prepared  by  the  foregoing  process,  nitrogen  is  con- 
taminated with  a  little  vapor  of  phosphorus,  which 
communicates  its  peculiar  odor.  A  preferable  method 
is  to  fill  a  porcelain  tube  with  turnings  of  copper,  or, 
still  better,  with  the  spongy  metal  obtained  by  redu- 
cing the  oxide  with  hydrogen;  to  heat  this  tube  to  red- 
ness, and  then  pass  through  it  a  slow  stream  of  at- 
mospheric air,  the  oxygen  of  which  is  entirely  removed 
during  its  progress  by  the  heated  copper. 
If  chlorine  gas  be  passed  into  solution  of  ammonia,  the  latter  substance, 
which  is  a  compound  of  nitrogen  with  hydrogen,  is  decomposed ;  the  chlorine 
combines  with  the  hydrogen,  and  the  nitrogen  is  set  free  with  effervescence. 
In  this  manner  very  pure  nitrogen  can  be  obtained.  In  making  this  ex- 
periment, it  is  necessary  to  stop  short  of  saturating  or  decomposing  the 
whole  of  the  ammonia;  otherwise  there  will  be  great  risk  of  accident  from 
the  formation  of  an  exceedingly  dangerous  explosive  compound,  produced 
by  the  contact  of  chlorine  with  an  ammoniacal  salt. 

Another  very  easy  and  perfectly  safe  method  of  obtaining  pure  nitrogen 
is  to  decompose  a  solution  of  potassium  nitrite  with  ammonium  chloride 
(sal-ammoniac).  The  potassium  nitrite  is  prepared  by  passing  the  red 
vapors  of  nitrous  aoid  obtained  by  heating  dilute  nitric  acid  with  starch 
into  a  solution  of  caustic  potash.  On  boiling  the  resulting  solution  with 
sal-ammoniac,  nitrogen  gas  is  evolved,  while  potassium  chloride  remains 
in  solution.* 

Nitrogen  is  destitute  of  color,  taste,  and  odor;  it  is  a  little  lighter  than 
air,  its  density  being,  acoording  to  Dumns,  0*972.  A  litre  of  the  gas  at  0° 
C.  and  760  mm.  barometric  pressure  weighs  1  -26668  gram.  100  cubic  inches, 
at  60°  F.  and  80  inches  barometer,  weigh  30-14  grains.  Nitrogen  is  in- 
capable of  sustaining  combustion  or  animal  existence,  although,  like  hydro- 
gen, it  has  no  positive  poisonous  properties;  neither  is  it  soluble  to  any 
notable  extent  in  water  or  in  caustic  alkali ;  it  is,  in  fact,  best  character- 
ised by  negative  properties. 

The  exact  composition  of  the  atmosphere  has  repeatedly  been  made  the 
subject  of  experimental  research.  Besides  nitrogen  and  oxygen,  the  air 
contains  a  little  carbon  dioxide  (carbonic  acid),  a  very  variable  proportion 
of  aqueous  vapor,  a  trace  of  ammonia,  and,  perhapu^  a  little  carburet  ted 
hydrogen.  The  oxygen  and  nitrogen  are  in  a  state  of  mixture,  not  of  com- 
bination, yet  their  ratio  is  always  uniform.  Air  has  been  brought  from 
lofty  Alpine  heights,  and  compared  with  that  from  the  plains  of  Egypt; 
it  has  been  brought  from  an  elevation  of  21.000  feet  by  the  aid  of  the  bal- 
loon ;  it  bag  been  collected  and  examined  in  London  and  Paris,  and  many 
other  places;  still  the  proportion  of  oxygen  and  nitrogen  remains  unaltered, 
the  diffusive  energy  of  the  gases  being  adequate  to  maintain  this  perfect 
uniformity  of  mixture.     The  carbon  dioxide,  on  the  contrary,  being  much 

•  The  reaction  is  represented  by  the  equation, 

NOHC      +      NH«CI      =       KC1      +  *>H,     +     N, 

Potassium        Ammonium       Pntswinm  'Water.       Nitrogen 

nitrite.  chloride.  chloride.  gas. 
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influenced  by  local  causes,  varies  considerably.  In  the  following  table  the 
proportions  of  oxygen  and  nitrogen  are  given  on  the  authority  of  Dumas, 
and  the  carbon  dioxide  on  that  of  De  Saussure :  the  ammonia,  the  discovery 
of  which  in  atmospheric  air  is  due  to  Liebig,  is  too  small  in  quantity  for 
direct  estimation. 

Composition  of  the  Atmosphere. 

By  .weight.  Bymeuare. 

Nitrogen        ...        77  parts       .  .        79-19 

Oxygen      .         .         .         .     28     «•  .  .         .     20-81 


Carbon  dioxide. 

Oxygen. 

.    0068 

20-894 

0-111 

20-802 

.    0061 

20-968 

100  10000 

Carbon  dioxide,  from  8*7  measures  to  6*2  measures  in  10,000  measures 

of  air. 
Aqueous  vapor  variable,  depending  much  upon  the  temperature. 
Ammonia,  a  trace. 

Dr.  Frankland  has  analyzed  samples  of  air  taken  by  himself  in  the  valley 
of  Chamouni,  on  the  summit  of  Mont  Blanc,  and  at  the  Grands  Mulets. 
The  following  are  the  results  of  his  analyses : 

Chamouni  (3000  feet] 
Grands  Mulets  (11,000  feet) 
Mont  Blanc  (15,732  feet)    . 

A  litre  of  pure  and  dry  air  at  0°  C.  and  760  mm.  pressure  weighs  1*29866 
grams.  100  cubic  inches  at  60°  F.  and  80  inches  barom.  weigh  80*985 
grains:  hence  a  cubic  foot  weighs  586*96  grains,  which  is  jfa  of  the  weight 
of  a  cubic  foot  of  water  at  the  same  temperature. 

The  analysis  of  air  is  very  well  effected  by  passing  it  over  finely  divided 
copper  contained  in  a  tube  of  hard  glass,  carefully  weighed  and  then  heated 
to  redness:  the  nitrogen  is  suffered  to  flow  into  an  ex- 
hausted glass  globe,  also  previously  weighed.     The  in-  Jty.  113. 
crease  of  weight  after  the  experiment  gives  the  informa- 
tion sought. 

An  easier,  but  less  accurate  method  consists  in  intro- 
ducing into  a  graduated  tube,  standing  over  water,  a 
known  quantity  of  the  air  to  be  examined,  and  then 
passing  into  the  latter  a  stick  of  phosphorus  affixed  to 
the  end  of  a  wire.  The  whole  is  left  about  twenty-four 
hours,  during  which  the  oxygen  is  slowly  but  completely 
absorbed,  after  which  the  phosphorus  is  withdrawn,  and 
the  residual  gas  read  off. 

Liebig  has  proposed  to  use  an  alkaline  solution  of  py- 
rogallic  acid  (a  substance  which  will  be  described  in  the 
department  of  organic  chemistry)  for  the  absorption  of 
oxygen.  The  absorptive  power  of  such  a  solution,  which 
tarns  deep  black  on  coming  in  contact  with  the  oxygen,  is 
▼ery  considerable.  Liebig's  method  combines  great  ac- 
curacy with  unusual  rapidity  and  facility  of  execution. 

Another  plan  is  to  mix  the  air  with  hydrogen  and  pass  an  electric  spark 
through  the  mixture :  after  explosion  the  volume  of  gas  is  read  off  and 
compared  with  that  of  the  air  employed.  Since  the  analysis  of  gaseous 
bodies  by  explosion  is  an  operation  of  great  importance  in  practical  chem- 
istry, it  may  be  worth  while  describing  the  process  in  detail,  as  it  is  appli- 
cable, with  certain  obvious  variations,  to  a  number  of  analogous  oases. 
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Fig.  114. 


A  convenient  form  of  apparatus  for  the  purpose,  when  great  accuracy 
is  not  required,  is  the  syphon  eudiometer  of  Dr.  Ure:  this  consists  of  a 
stout  glass  tube,  having  an  internal  diameter  of  about 
one  third  of  an  inch,  closed  at  one  end,  and  bent  int  o 
the  form  represented  in  fig.  114.  Two  pieces  of 
platinum  wire,  melted  into  the  glass  near  the  closed 
extremity,  serve  to  give  passage  to  the  spark.  The 
closed  limb  is  carefully  graduated.  When  required 
for  use,  the  instrument  is  filled  with  mercury,  and 
inverted  in  a  vessel  of  the  same  liquid.  A  quantity 
of  the  air  to  be  examined  is  then  introduced,  the 
manipulation  being  precisely  the  same  as  with  expe- 
riments over  water;  the  open  end  is  stopped  with 
the  thumb,  and  the  air  transferred  to  the  closed  ex- 
tremity. The  instrument  is  next  held  upright,  and 
after  the  level  of  the  mercury  has  been  made  equal 
on  both  sides  by  displacing  a  portion  from  the  open 
limb  by  thrusting  down  a  piece  of  stick,  the  volume 
of  air  is  read  off.  This  done,  the  open  part  of  the 
tube  is  again  filled  up  with  mercury,  closed  with  the 
finger,  inverted  into  the  liquid  metal,  and  a  quantity 
of  pure  hydrogen  introduced,  equal,  as  nearly  as  can 
be  guessed,  to  about  half  the  volume  of  the  air.  The  eudiometer  is  once 
more  brought  into  the  erect  position,  the  level  of  the  mercury  equalised, 
and  the  volume  again  read  off;  the  quantity  of  hydrogen  added  is  thus 
accurately  ascertained.  All  is  now  ready  for  the  explosion;  the  instrument 
is  held  in  the  way  represented,  the  open  end  being  firmly  closed  by  the 
thumb,  while  the  knuckle  of  the  fore-finger  touches  the  nearer  platinum 
wire ;  the  spark  is  then  passed  by  the  aid  of  a  charged  jar  or  a  good  elec- 
trophorus,  and  the  explosion  ensues.  The  air  confined  by  the  thumb  in 
the  open  part  of  the  tube  acts  as  a  spring  and  moderates  the  explosive 
effect.  Nothing  now  remains  but  to  equalize  the  level  of  the  mercury  by 
pouring  a  little  more  into  the  instrument,  and  then  to  read  off  the  volume 
for  the  last  time. 

What  is  required  to  be  known  from  this  experiment  is  the  diminution  the 
mixture  suffers  by  explosion ;  for  since  the  hydrogen  is  in  excess,  and  since 
tha"t  body  unites  with  oxygen  in  the  proportion  by  measure  of  two  to  one, 
one-third  part  of  that  diminution  must  be  due  to  the  oxygen  contained  in 
the  air  introduced.  As  the  amount  of  the  latter  is  known,  the  proportion 
of  oxygen  it  contains  thus  admits  of  determination.  The  case  supposed 
will  render  this  clear. 

Air  introduced 100  measures. 


Air  and  hydrogen 150 

Volume  after  explosion        ....      87 

Diminution 68 

63 

—  =  21 ;  oxygen  in  the  hundred  measures. 
8 

The  syphon  eudiometer  in  the  simple  form  above  described  is  not  well 
adapted  for  accurate  analysis,  especially  when,  as  in  the  analysis  of  many 
gaseous  mixtures,  caustic  potash  and  other  re-agents  have  to  be  introduced 
into  the  closed  limb,  to  absorb  some  of  the  components  of  the  mixture,  or 
of  the  products  resulting  from  the  explosion;  but  it  forms  the  essential 
part  of  the  more  exact  and  complex  forms  of  eudiometer  devised  by  Reg- 
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Fig.  lift. 


nault,  and  by  Frankland  and  Ward,  in  which  provision  is  made  for  accu- 
rately adjusting  the  level  of  the  mercury,  and  for  quickly  transferring  the 
fas  to  another  tube  in  which  it  may  be  subjected  to  the  action  of  absorbing 
agents,  and  then  returning  it  to  the  syphon  tube  for  measurement.* 

The  simplest,  and,  on  the  whole,  the  most  convenient  form  of  eudiometer 
consists  of  a  straight  graduated  glass  tube  (fig.  115)  closed  at  the  top,  and 
baring  platinum  wires  inserted  near  the  closed  end.  This  tube  is  filled 
with  mercury,  and  inverted  in  a  mercurial  pneumatic  trough. 

A  quantity  of  air,  sufficient  to  fill  about  one  sixth  of  the  tube,  is  then  in- 
troduced, and  its  volume  accurately  as- 
certained by  reading  off  with  a  teloscope 
the  number  of  divisions  on  the  tube  to 
which  the  mercury  reaches,  whilst  the 
height  of  the  column  of  mercury  in  the 
tube  above  the  trough,  together  with 
that  of  the  barometer,  and  the  tempera- 
ture of  the  air,  are  also  read  off.  A 
quantity  of  pure  hydrogen  gas  is  now 
added,  more  than  sufficient  to  unite  with 
all  the  oxygen  present;  and  the  volume 
of  the  gas  and  the  pressure  exerted  upon 
it,  are  then  determined  as  before.  An 
electric  spark  is  now  passed  through 
the  mixture,  care  being  taken  to  prevent 
any  escape,  by  pressing  the  open  end  of 
the  eudiometer  against  a  piece  of  sheet 
caoutchouc  under  the  mercury  in  the 
trough.  After  the  explosion,  the  volume 
is  again  determined  as  before,  and  is 
found  to  be  less  than  that  before  the  ex- 
plosion. 

One  third  of  the  diminution  gives,  as  already  explained,  the  volume  of 
oxygen  contained  in  the  air  taken  for  analysis. 

Compound*  of  Nitrogen  and  Oxygen, 

There  are  five  distinct  compounds  of  nitrogen  and  oxygen,  thus  named 
and  constituted :  — 


Composition. 


By  weijrht. 
Nitrogen.    Oxygen. 


By  volume. 
Nitrogen.    Oxygen. 


Nitrogen  monoxide  f 

Nitrogen  dioxide 

Nitrogen  trioxide,  or  Nitrous  oxide . 

Nitrogen  tetroxide 

Nitrogen  pentoxide,  or  Nitric  oxide . 


28 
28 
28 
28 
28 


16 
82 
48 
64 
80 


A  comparison  of  these  numbers  will  show  that  the  quantities  of  oxygen 
which  unite  with  a  given  quantity  of  nitrogen  are  to  one  another  in  the 
ratio  of  the  numbers  1,  2,  3,  4,  5. 

•  See  the  article  u  Analysis  of  Oases/'  by  Dr.  Russell,  In  Watts's  "  Dictionary  of  Chemistry," 
IS*, 
t  la  symbols  the  composition  of  these  bodies  Is  thus  expressed  :— 
Nitrogen  monoxide       .        .        .        NfO 
Nitrogen  dioxide      ....    NsO,orNO 
Nitrogen  trioxide  NjOj 

Nitrogen  tetroxide   ....    Ns'>4orNO| 
Nitrogen  pentoxide  NgO». 

14 
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The  third  and  fifth  of  the  compounds  in  the  table  are  capable  of  taking 
up  the  elements  of  water  and  of  metallic  oxides  to  form  salts  (p.  188 J,  called 
respectively  nitrite*  and  nitrate*,  the  hydrogen  Baits  being  also  called  nitrous 
and  nitric  acid*  The  other  three  nitrogen  oxides  do  not  form  salts.  It  will 
be  convenient  to  commence  the  description  of  these  compounds  with  the 
last  on  the  list,  vis.,  the  pentoxide,  as  its  salts,  the  nitrates,  are  the  sources 
from  which  all  the  other  compounds  in  the  series  are  obtained. 

Nitrogen  Pihtoxidb  or  Nitric  Oxidi  (also  called  Anhydrous  Nitric  Acid 
or  Nitric  Anhydride), — This  compound  was  discovered  in  1849  by  Deville, 
who  obtained  it  by  exposing  silver  nitrate,  which  may  be  regarded  as  a 
compound  of  nitrogen  pentoxide  with  silver  and  oxygen,  to  the  action  of 
chlorine  gas.  Chlorine  and  silver  then  combine,  forming  silver  chloride, 
which  remains  in  the  apparatus,  while  oxygen  and  nitrogen  pentoxide 
separate.f  The  latter  is  a  colorless  substance,  crystallising  in  six-sided 
prisms,  which  melt  at  80°  and  boil  between  45°  and  60°,  when  they  begin 
to  decompose.  Nitrogen  pentoxide  sometimes  explores  spontaneously.  It 
dissolves  in  water  with  great  rise  of  temperature,  forming  hydrogen  nitrate 
or  nitric  acid. 

Nitrates — Nitric  Aero. — In  certain  parts  of  India,  and  in  other  hot 
dry  climates  where  rain  is  rare,  the  surface  of  the  soil  is  occasionally  covered 
by  a  saline  efflorescence,  like  that  sometimes  apparent  on  newly  plastered 
walls:  this  substance  collected,  dissolved  in  hot  water,  and  crystallized  from 
the  filtered  solution,  furnishes  the  highly  important  salt  known  in  commerce 
as  nitre  or  saltpetre,  and  consisting  of  potassium  nitrate.  To  obtain  nitric 
acid,  equal  weights  of  powdered  nitre  and  strong  sulphuric  acid  are  in- 
troduced into  a  glass  retort,  and  heat  is  applied  by  means  of  an  Argand  gas- 
lamp  or  charcoal  chauffer,  (see  fig.  88).  A  flask,  cooled  by  a  wet  cloth,  is 
adapted  to  the  retort  to  serve  for  a  receiver.  No  luting  of  any  kind  must 
be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise  disappear, 
but  towards  the  end  of  the  process  they  again  become  manifest.  When 
this  happens,  and  very  little  liquid  passes  over,  while  the  greater  part  of 
the  saline  matter  of  the  retort  is  in  a  state  of  tranquil  fusion,  the  opera- 
tion may  be  stopped ;  and  when  the  retort  is  quite  cold,  water  may  be 
introduced  to  dissolve  out  the  saline  residue.  The  reaction  consists  in  an 
interchange  between  the  potassium  of  the  nitre  and  half  the  hydrogen  of 
the  sulphuric  acid  (hydrogen  sulphate),  whereby  there  are  formed  hydro- 
gen nitrate  which  distils  over,  and  hydrogen  and  potassium  sulphate 
which  remains  in  the  retort.} 

In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass  retort  is 
replaced  by  a  oast-iron  cylinder,  and  the  receiver  by  a  series  of  earthen 
condensing  vessels  connected  by  tubes.  Sodium  nitrate,  found  native  in 
Peru,  is  now  generally  substituted  for  potassium  nitrate. 

Nitric  acid  thus  obtained  has  a  specific  gravity  of  from  15  to  1*62;  it 
has  a  golden-yellow  color,  due  to  nitrogen  trioxide,  or  tetroxide,  which 
is  held  in  solution,  and,  when  the  acid  is  diluted  with  water,  gives  rise  by 
its  decomposition  to  a  disengagement  of  nitric  oxide.     Nitric  acid  is  ex- 

•  TTydrogen  nitrate,  or  Nitrons  acid    ....       JtyVOH,  m  JJ?5* 

Pntamlum  nitrate ?*2*25*  or  S2?# 

Hydrogen  nitrate,  or  Nitric  acid      ....       £A-<>IJS  or  NCMI 

Potaminm  nitr.te N A-O*!  or  NO»K. 

t  N0»Ag  +  CI,  =  2AgCl  +  O  +  NgOfc- 

1       NOgK        +        804H,       =      JW*        +      „  ,  SO4HK 
PotaMfttm  Hydrogen  Hydrogen  Hydrogen  and  po- 

nltrate.  ■olphat*.  nitrate.  taatinm  tulpbato. 
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ceedingly  corrosive,  staining  the  skin  deep  yellow,  and  causing  total  dis- 
organization. Poured  upon  red-hot  powdered  charcoal,  it  causes  brilliant 
eombostion;  and  when  added  to  warm  oil  of  turpentine,  acts  upon  that 
substance  so  energetically  as  to  set  it  on  fire. 

Pure  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by  mixing 
the  above  with  about  an  equal  quantity  of  strong  sulphuric  acid,  redistil- 
ling, collecting  apart  the  first  portion  which  comes  over,  and  exposing  it 
in  a  vessel  slightly  warmed  and  sheltered  from  the  light,  to  a  current  of 
dry  air  made  to  bubble  through  it,  which  completely  removes  the  nitrous 
acid.  In  this  state  the  product  is  as  colorless  as  water:  it  has  the  sp.  gr. 
1-517  at  15-5°  (60°  F.)t  boils  at  84-5°  (184°  F.),  and  consists  of  54  parts 
nitrogen  pentoxide  and  9  parts  water.  Although  nitric  acid  in  a  more 
dilate  form  acts  very  violently  upon  many  metals,  and  upon  organic  sub* 
stances  generally,  this  is  not  the  case  with  the  most  concentrated  acid : 
even  at  a  boiling  heat,  it  refuses  to  attack  iron  or  tin;  and  its  mode  of 
action  on  lignin,  starch,  and  similar  substances  is  quite  peculiar  and  very 
much  less  energetic  than  that  of  an  acid  containing  more  water. 

On  boiling  nitric  acid  of  different  degrees  of  concentration,  at  the  ordi- 
nary atmospheric  pressure,  a  residue  is  left,  boiling  at  120*6°  and  29  inches 
barometer,  and  having  the  sp.  gr.  1*414  at  15*5°.  This  acid  was  formerly 
supposed  to  be  a  definite  compound  of  nitrio  acid  with  water ;  but  Roscoe 
has  recently  proved  this  assumption  to  be  incorrect,  the  composition  of  the 
acid  varying  according  to  the  pressure  under  which  the  liquid  boils. 

The  nitrates  form  a  very  extensive  and  important  group  of  salts,  which 
are  remarkable  for  being  all  soluble  in  water.  Hydrogen  nitrate  is  of 
great  use  in  the  laboratory,  and  also  in  many  branches  of  industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces  of 
chlorine  from  common  salt  in  the  nitre,  and  sometimes  of  sulphate  from 
accidental  splashing  of  the  pasty  mass  in  the  retort.  To  discover  these 
imparities,  a  portion  is  diluted  with  four  or  five  times  its  bulk  of  distilled 
water,  and  divided  between  two  glasses.  Solution  of  silver  nitrate  is 
dropped  into  the  one,  and  solution  of  barium  nitrate  into  the  other ;  if  no 
change  ensue  in  either  case,  the  acid  is  free  from  the  impurities  men- 
tioned. 

Kitrio  acid  has  been  formed  in  small  quantity  by  a  very  curious  process, 
palely,  by  passing  a  series  of  electric  sparks  through  a  portion  of  air 
in  contact  with  water  or  an  alkaline  solution.  The  amount  of  acid  so 
formed  after  many  hours  is  very  minute;  still  it  is  not  impossible  that 
powerful  discharges  of  atmospheric  electricity  may  sometimes  occasion 
s  trifling  production  of  nitric  acid  in  the  air.  A  very  minute  quantity  of 
nitric  acid  is  also  produced  by  the  combustion  of  hydrogen  and  other  sub- 
stances in  the  atmosphere ;  it  is  also  formed  by  the  oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities  as 
many  other  acids.  Owing  to  the  solubility  of  all  its  compounds,  no  precip- 
itant can  be  found  for  this  substance.  An  excellent  mode  of  testing  it  is 
based  upon  its  power  of  bleaching  a  solution  of  indigo  in  sulphuric  acid 
when  boiled  with  that  liquid.  The  absence  of  chlorine  must  be  insured 
in  this  experiment  by  means  which  will  hereafter  be  described :  otherwise 
the  result  is  equivocal. 

The  best  method  for  the  detection  of  nitric  acid  is  the  following.  The 
substance  to  be  examined  is  boiled  with  a  small  quantity  of  water,  and 
the  solution  cautiously  mixed  with  an  equal  volume  of  concentrated  sul- 
phuric acid ;  the  liquid  is  then  allowed  to  cool,  and  a  strong  solution  of 
ferrous  sulphate  carefully  poured  upon  it,  so  as  to  form  a  separate  layer. 
If  large  quantities  of  nitric  acid  are  present,  the  surface  of  contact,  first, 
sad  then  the  whole  of  the  liquid,  becomes  black.  If  but  small  quantities 
of  nitric  acid  are  present,  the  liquid  becomes  reddish-brown  or  purple. 


1G0  NITROGEN. 

The  ferroui  sulphate  reduces  (he  nitric  acid  to  nitrogen  dioxide,  which, 
dissolving  in  the  solution  of  ferrous  sulphate,  imparts  to  it  a  dark  color. 

Nitboobh  Monoxids  (sometimes  called  Nitrout  Oxide;  also  Laughing- 
Gat). —  When  solid  ammonium  nitrate  is  heated  in  a  retort  or  flask,*  fig. 
116,  furnished  with  a  perforated  cork  and  bent 
Jty- 110*  tube,  it  is  resolved  into  water  and  nitrogen  mon- 

oxide, f 

No  particular  precaution  is  required  in  the 
operation,  save  due  regulation  of  the  heat,  and 
the  avoidance  of  tumultuous  disengagement  of 
the  gas. 

Nitrogen  monoxide  is  a  colorless,  transparent, 
and  almost  inodorous  gas,  of  distinctly  sweet  taste. 
Its  specific  gravity  is  1*525;  a  litre  of  it  weighs 
0*97172  grams ;  100  cubic  inches  weigh  47*29  grains. 
It  supports  the  combustion  of  a  taper  or  a  piece  of 
phosphorus  with  almost  as  much  energy  as  pure 
oxygen :  it  is  easily  distinguished,  however,  from 
that  gas  by  its  solubility  in  cold  water,  which  dis- 
solves nearly  its  own  volume :  hence  it  is  necessary 
to  use  tepid  water  in  the  pneumatic  trough  or  gas- 
holder; otherwise  great  loss  of  gas  will  ensue. 
Nitrous  oxide  has  been  liquefied,  but  with  diffi- 
culty: it  requires,  at  7*2°  C.  (45°  F.),  a  pressure 
of  50  atmospheres:  the  liquid,  when  exposed  under  the  bell-glass  of  the 
air-pump,  is  rapidly  converted  into  a  snow-like  solid.  When  mixed  with 
an  equal  volume  of  hydrogen,  and  fired  by  the  electric  spark  in  the  eudi- 
ometer, it  explodes  with  violence,  and  liberates  its  own  measure  of  nitrogen. 
Every  two  volumes  of  the  gas  must  consequently  contain  two  volumes  of 
nitrogen  and  one  volume  of  oxygen,  the  whole  being  condensed  or  con- 
tracted one  third — a  constitution  resembling  that  of  vapor  of  water. 

The  most  remarkable  property  of  this  gas  is  its  intoxicating  power  upon 
the  animal  system.  If  quite  pure,  or  merely  mixed  with  atmospheric  air, 
it  may  be  respired  for  a  short  time  without  danger  or  inconvenience.  The 
effect  is  very  transient,  and  is  not  followed  by  depression. 

Nitrogen  Dioxide  (sometimes  called  Nitric  Oxide). — Clippings  or  turn- 
ings of  copper  are  put  into  the  apparatus  employed  for  preparing  hydrogen 
(p.  137),  together  with  a  little  water,  and  nitric  acid  is  added  by  the  funnel 
until  brisk  effervescence  is  excited.  The  gas  may  be  collected  over  cold 
water,  as  it  is  not  sensibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid  by  the 
copper:  the  metal  is  oxidized,  and  the  oxide  so  formed  is  dissolved  by  an- 
other portion  of  the  acid.     Nitric  acid  is  very  prone  to  act  thus  upon    | 
certain  metals.  J  I 

The  gas  obtained  in  this  manner  is  colorless  and  transparent:  in  contact 
with  air  or  oxygen  gas  it  produces  deep  red  fumes,  which  are  readily  ab- 
sorbed by  water:  this  character  is  sufficient  to  distinguish  it  from  all  other 

*  Florence  oil-flasks,  which  may  be  purchased  at  a  Terr  trifling  ram,  comtltnte  exceedingly 
useful  vessels  lor  chemical  purposes,  and  often  supersede  retort*  or  other  expensive  apparatus. 
They  are  rendered  still  more  valuable  by  cutting  the  neck  smoothly  round  with  a  hot  iron, 
softening  it  in  the  flame  of  a  good  Argand  gas-lamp,  and  then  turning  over  the  edge  sou  to 
form  a  Up,  or  border.  The  ueck  will  then  bear  a  tightly  fitting  cork  without  risk  of  splitting, 
t  N0,NH4        =        OH,  +  N,0 

Ammonium  Water.  Nitrogen 

nitrate.  monoxide. 

X      8NO,H     +       Cu,     -  N,0,  +       3CNO,yJn       +    4H/> 

Nitric  acid.         Copper.       Nitrogen  dioxide.       Copper  nitrate.        Water. 
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gaseous  bodies.    A  lighted  taper  plunged  into  the  gas  is  extinguished; 
lighted  phosphorus,  however,  burns  in  it  with  great  brilliancy. 

The  specific  gravity  of  nitrogen  dioxide  is  1039;  a  litre  weighs  1*84848 
grams.  It  contains  equal  measures  of  oxygen  and  nitrogen  gases  united 
without  condensation.  When  this  gas  is  passed  into  the  solution  of  a  fer- 
rous salt,  it  is  absorbed  in  large  quantity,  and  a  deep-brown  or  nearly  black 
liquid  produced,  which  seems  to  be  a  definite  compound  of  the  two  sub- 
stances (p.  159).     The  compound  is  again  decomposed  by  boiling. 

Nitkogex  Trioxide,  or  Nitrous  Oxide. — When  four  measures  of  ni- 
trogen dioxide  are  mixed  with  one  measure  of  oxygen,  and  the  gases,  per- 
fectly dry,  are  exposed  to  a  temperature  of  — 18°,  they  condense  to  a  thin 
mobile  blue  liquid,  which  emits  orange-red  vapors. 

Nitrous  oxide,  sufficiently  pure  for  most  purposes,  is  obtained  by  pouring 
concentrated  nitric  acid  on  lumps  of  arsenious  acid,  and  gently  warming 
the  mixture,  in  order  to  start  the  reaction.  Nitrous  oxide  is  then  evolved 
as  an  orange-red  gas,  arsenic  acid  remaining  behind. 

Nitrous  oxide  is  decomposed  by  water,  being  converted  into  nitric  acid 
and  nitrogen  dioxide.*  For  this  reason  it  cannot  be  made  to  unite  directly 
with  metallic  oxides;  potassium  nitrite  may,  however,  be  prepared  by 
rasing  potassium  nitrate,  whereby  part  of  its  oxygen  is  driven  off;  and 
many  other  salts  of  nitrous  acid  may  be  obtained  by  indirect  means.  Thus 
a  solution  of  potassium  or  sodium  nitrite  may  be  prepared  by  passing  the 
vapor  of  nitrogen  trioxide,  obtained  as  above  by  heating  nitric  acid  with 
arsenicus  acid  (or  with  starch),  into  a  solution  of  caustic  potash  or  soda. 

NmooBsr  Tetroxide  (also  called  Nitric  Peroxide).  —  This  is  the  principal 
constituent  of  the  deep-red  fumes  always  produced  when  nitrogen  dioxide 
escapes  into  the  air. 

When  carefully  dried  lead  nitrate  is  exposed  to  heat  in  a  retort  of  hard 
glass,  it  is  decomposed,  lead  oxide  remaining  behind,  while  a  mixture  of 
oxygen  and  nitrogen  tetroxide  is  evolved.  By  surrounding  the  receiver 
with  a  very  powerful  freezing  mixture,  the  latter  is  condensed  in  trans- 
parent crystals,  or  if  the  slightest  trace  of  moisture  is  present,  as  a  color- 
les3  liquid,  which  acquires  a  yellow  and  ultimately  a  red  tint,  as  the  tem- 
perature rises.  At  27*8°  it  boils,  giving  off  its  well-known  red  vapor,  the 
intensity  of  the  color  of  which  is  greatly  augmented  by  elevation  of  tem- 
perature. Its  vapor  is  absorbed  by  strong  nitric  acid,  which  thereby  ac- 
quires a  yellow  or  red  tint,  passing  into  green,  then  into  blue,  and  after- 
wards disappearing  altogether  on  the  addition  of  successive  portions  of 
water.  The  deep-red  fuming  acid  of  commerce,  called  nitrous  acid,  is  simply 
aitric  acid  impregnated  with  nitrogen  tetroxide. 

Nitrogen  tetroxide  is  decomposed  by  water  at  very  low  temperatures  in 
such  a  manner  as  to  yield  nitric  and  nitrous  acid ;  f  but  when  added  to 
excess  of  water  at  ordinary  temperatures,  it  yields  nitric  acid,  and  the 
products  of  decomposition  of  nitrous  acid,  namely,  nitric  acid  and  nitrogen 
dioxide.  In  like  manner,  when  passed  into  alkaline  solutions,  it  forms  a 
titrate  and  a  nitrite  of  the  alkali-metal;  but  it  has  been  also  supposed  to 
suite  directly,  under  certain  circumstances,  with  metallic  oxides  —  lead 
axide,  for  example  —  forming  definite  crystalline  salts,  and  has  hence  been 
called  kypomtrie  acid;  but  it  is  most  probable  that  these  salts  are  compounds 
of  nitrates  and  nitrites.  J 

•  SNA  +        0H9    =        2N0,H        +  2NA 

Nitrogen  trioxide.         Water.         Nitric  acid.       Nitrogen  dioxide, 
t  N404  +         OHj        =        NOj,H        +        NO,H 

Nitrogen  tetroxide.  Water.  Nitric  acid.         Nitrous  acid. 

t  E.g^    2rNs04PW))        =        (N02)oPb        +        (N02)«Pb 

Lead  hyponltrate.  Lead  nitrate.  Lead  nitrite. 
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Nitrogen  appears  to  combine,  under  favorable  circumstance*,  with  metals. 
When  iron  is  heated  to  redness  in  an  atmosphere  of  ammonia,  it  becomes 
brittle  and  crystalline,  and  shows  an  increase  in  weight,  said  to  vary  front 
6  to  12  per  cent. ;  while,  according  to  other  observers,  the  physical  charac- 
ters of  the  metal  are  changed  without  sensible  alteration  of  weight.  By 
heating  copper  in  ammonia,  no  compound  of  nitrogen  with  copper  is  pro- 
duced. But  when  ammonia  is  passed  over  copper  oxide  heated  to  34*0°, 
water  is  formed,  and  a  soft  brown  powder  produced,  which,  when  heated 
further,  evolves  nitrogen,  and  leaves  metallic  oopper.  The  same  effect  is 
produced  by  the  contact  of  strong  acids.  A  similar  compound  of  chromium 
with  nitrogen  appears  to  exist 
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When  powdered  sal-ammoniac  is  mixed  with  moist  calcium  hydrate 
(slaked  lime),  and  gently  heated  in  a  glass  flask,  a  large  quantity  of  gas- 
eous matter  is  disengaged,  which  must  be  collected  over  mercury,  or  by- 
displacement,  advantage  being  taken  of  its  low  specific  gravity. 

Ammonia  gas  thus  obtained  is  colorless ;  it  has  a  strong  pungent  odor, 
and  possesses  in  an  eminent  degree  those  properties  to  which  the  terra 
alkaline  is  applied ;  that  is  to  say,  it  turns  the  yellow  color  of  turmeric  to 
brown,  that  of  reddened  litmus  to  blue,  and  combines  readily  with  acids, 
neutralizing  them  completely ;  by  these  reactions  it  is  easily  distinguished 
from  all  other  bodies  possessing  the  same  physical  characters.  Under  a 
pressure  of  6-6  atmospheres  at  15*6°,  ammonia  condenses  to  the  liquid 
form.*  Water  dissolves  about  700  times  its  volume  of  this  gas,  forming 
a  solution  which  in  a  more  dilute  state  has  long  been  known  under  the 
name  of  liquor  ammonite;  by  heat,  a  great  part  is  again  expelled  f  The 
solution  is  decomposed  by  chlorine,  sal-ammoniac  being  formed,  and  ni- 
trogen set  free. 

Ammonia  has  a  density  of  0*589 ;  a  litre  weighs  0  76271  grams.  It  can- 
not be  formed  by  the  direct  union  of  its  elements,  although  it  is  sometimes 
produced  under  rather  remarkable  circumstances  by  the  deoxidation  of 
nitrio  acid.  J  The  great  sources  of  ammonia  are  the  feebly  compounded 
asotised  principles  of  the  animal  and  vegetable  kingdoms,  which,  when  left 
to  putrefactive  change,  or  subjected  to  destructive  distillation,  almost  in- 
variably give  rise  to  an  abundant  production  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  effected.  When  a  portion  is  con- 
fined in  a  graduated  tube  over  mercury,  and  electric  sparks  passed  through 
it  for  a  considerable  time,  the  volume  of  the  gas  gradually  increases  until 
it  becomes  doubled.  On  examination,  the  tube  is  found  to  contain  a  mixture 
of  8  measures  of  hydrogen  gas  and  1  measure  of  nitrogen.  Every  two 
volumes  of  the  ammonia,  therefore,  contained  three  volumes  of  hydrogen 
and  one  of  nitrogen,  the  whole  being  condensed  to  the  extent  of  one  half. 
The  weight  of  the  two  constituents  is  in  the  proportion  of  8  parts  hydrogen 
to  14  parts  nitrogen.} 

*  [At  the  temperature  of  —75°  P..  liquid  ammonia  Ireeses  into  a  colorless  solid,  heavier  than 
the  liquid  itself.—  (Faraday.)  —  R.  B.] 

t  A  concentrated  solution  of  ammonia  has  recently  been  applied  by  M.  Carre  for  producing 
intense  cold  (for  the  manufacture  of  ice).  The  apparatus  used  for  this  purpose  consists  of  two 
strong  iron  cylinders  connected  by  tubes,  the  one  cylinder  containing  the  solution  of  am- 
monia, the  other  being  empty,  and  the  whole  apparatus  being  perfectly  air-tight  The  empty 
cylinder  is  now  cooled  with  water,  and  the  other  cylinder  is  gently  warmed.  The  ammonia 
escapes  from  the  solntion,  and  is  condensed  by  its  own  pressure  in  the  cooled  cylinder.  If  the 
source  of  heat  be  now  removed,  the  liquefied  ammonia  Is  again  alworlwd  by  the  water,  and  the 
heat  necessary  for  Its  transformation  into  vapor  being  taken  from  the  iron  vessel,  the  water 
surrounding  it  is  converted  into  ice:  by  this  process  the  tem|ierature  may  be  reduced  to  —15° 
C.  (+  5°  F.) 

X  A  mode  of  converting  the  nitrogen  of  the  atmosphere  into  ammonia,  by  a  succession  of 
chemical  operations,  will  be  found  under  the  head  of  Cyanogen. 

2  The  formula  of  ammonia  is  NHj. 
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Ammonia  may  also  be  decomposed  into  its  elements  by  transmission 
through  a  red-hoi  tube. 

Solution  of  ammonia  is  a  rery  valuable  reagent,  and  is  employed  in  a 
great  number  of  chemical  operations,  for  some  of  which  it  is  necessary  to 
have  it  perfectly  pare.     The  best  mode  of  preparation  is  the  following: 

Equal  weights  of  sal-ammoniac  and  quicklime  are  taken ;  the  lime  is 
■Uked  in  a  covered  basin,  and  the  salt  reduced  to  powder.  These  are  mixed 
sad  introduced  into  the  flask  employed  in  preparing  solution  of  hydrochloric 
acid,*  together  with  just  enough  water  to  damp  the  mixture,  and  cause  it 
to  aggregate  into  lumps ;  the  rest  of  the  apparatus  is  arranged  exactly  as 
in  the  former  case,  with  an  ounce  or  two  of  water  in  the  wash-bottle,  or 
enough  to  cover  the  ends  of  the  tubes,  and  the  gas  conducted  afterwards 
into  pure  distilled  water,  artificially  cooled  as  before.  The  cork  joints  are 
made  tight  with  wax ;  a  little  mercury  is  put  into  the  safety-funnel,  heat 
cautiously  applied  to  the  flask,  and  the  whole  left  to  itself.  The  disen- 
gagement of  ammonia  is  very  regular  and  uniform.  Calcium  chloride, 
with  exeees  of  calcium  hydrate  (slaked  lime),  remains  in  the  flask. 

The  decomposition  of  the  salt  may  be  represented  in  the  manner  shown 
by  the  following  diagram : 

{Ammonia Ammonia. 
Hydrochloric]  Hydrogen ■           ^^*  Water, 
acid  .     .      j  Chlorine^ 


T .  f   Oxygen  — —  ^**^.         f  Calcium 

"me    #    '       i    Calcium  — ^  \  chloridcf 

Solution  of  ammonia  should  be  perfectly  colorless,  leave  no  residue  on 
evaporation,  and  when  supersaturated  by  nitric  acid,  give  no  cloud  or  mud- 
diness  with  silver  nitrate.  Its  density  diminishes  with  its  strength,  that  of 
the  most  concentrated  being  about  0-875 ;  the  value  in  alkali  of  any  sample 
of  liquor  ammonias  is  most  safely  inferred,  not  from  a  knowledge  of  its 
density,  but  from  the  quantity  of  acid  a  given  amount  will  saturate.  The 
mode  of  conducting  this  experiment  will  be  found  described  under  Alka- 
limetry. 

When  solution  of  ammonia  is  mixed  with  acids  of  various  kinds,  salts  are 
generated,  which  resemble  in  the  most  complete  manner  the  corresponding 
potassium  and  sodium  compounds:  these  are  best  discussed  in  connection 
with  the  latter.  J  Any  ammoniacal  salt  can  at  once  be  recognized  by  the 
evolution  of  ammonia  which  takes  place  when  it  is  heated  with  slaked  lime, 
or  solution  of  potash  or  soda. 
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This  substance  occurs  in  a  state  of  purity,  and  crystallized,  in  two  distinct 
tad  tery  dissimilar  forms — namely,  as  diamond,  and  as  graphite  or  plum- 

*  be  fi*132,p.lS3. 

t      2NH<Cl         +        CaO        =r        2NH8  +        CaC1«        +        H*> 

Sal-ainmonJac.  Lime  Ammonia.  Calcium  Water. 

chloride. 
J  The  ammonia  salts  may  be  regarded  either  ai  direct  compounds  of  ammonia,  NH*  with 
•b*  (HC1.  for  example),  or  as  resulting  from  the  replacement  of  the  hydrogen  of  an  acid  by 
the  group  KILj.  called  ammrmurm,  which  in  this  sense  Is  a  compound  metal,  chemically  equiv- 
•tot  to  potassium,  sodium,  silver,  etc.    Thus : 

Ammonia  bydrochlorate  NH9.RCI  =r        NH4.C1  Ammonium  chloride. 

*  nitrate  NH^HNOj       =        NH4.NO*  «         nitrate. 

•  sulphate       (NH,VH,S04       =      (NH^fify        u  sulphate. 

The  formate  in  the  second  column  are  exactly  analogous  to  those  of  the  potassium  salts, 
Ka,K90»K9S04. 
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bago.  It  constitutes  a  Urge  proportion  of  all  organic  structure*,  animal 
and  Tegetable :  when  these  latter  are  exposed  to  destructive  distillation  in 
close  Teasels,  a  great  part  of  their  carbon  remains,  obstinately  retaining 
some  of  the  hydrogen  and  oxygen,  and  associated  with  the  earthy  and  alka- 
line matter  of  the  tissue,  giving  rise  to  the  many  varieties  of  charcoal,  coke, 
etc.  This  residue,  when  perfectly  separated  from  all  foreign  matter,  con- 
stitutes a  third  variety  of  carbon. 

The  diamond  is  one  of  the  most  remarkable  substances  known:  long 
prised  on  account  of  its  brilliancy  as  an  ornamental  gem,  the  discovery  of 
its  curious  chemical  nature  confers  upon  it  a  high  degree  of  scientific  in- 
terest. Several  localities  in  India,  the  island  of  Borneo,  and  more  espe- 
cially Brazil,  furnish  this  beautiful  substance.  It  is  always  distinctly  crys- 
tallized, often  quite  transparent  and  colorless,  but  now  and  then  baring  a 
shade  of  yellow,  pink,  or  blue.  The  origin  and  true  geological  position  of 
the  diamond  are  unknown;  it  is  always  found  embedded  in  gravel  and 
transported  materials  whose  history  cannot  be  traced.  The  crystalline 
form  of  the  diamond  is  that  of  the  regular  octohedron  or  cube,  or  some  fig- 
ure geometrically  connected  with  these.  Many  of  the  octohedral  crystals 
exhibit  a  very  peculiar  appearance,  arising  from  the  faces  being  curved  or 
rounded,  which  gives  to  the  crystal  an  almost  spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense  heat, 
provided  air  be  excluded ;  but  when  heated,  thus  protected,  between  the 
poles  of  a  strong  galvanic  battery,  it  is  converted  into  coke  or  graphite ; 
heated  to  whiteness  in  a  vessel  of  oxygen,  it  burns  with  facility,  yielding 
carbonic  acid  gas. 

JV- 117. 


The  diamond  is  the  hardest  substance  known :  it  admits  of  being  split  or 
cloven  without  difficulty  in  certain  particular  directions,  but  can  only  be 
cut  or  abraded  by  a  second  portion  of  the  same  material ;  the  powder  rubbed 
off  in  this  process  serves  for  polishing  the  new  faces,  and  is  also  highly  use- 
ful to  the  lapidary  and  seal-engraver.  One  very  curious  and  useful  appli- 
cation of  the  diamond  is  made  by  the  glazier:  a  fragment  of  this  mineral, 
like  a  bit  of  flint,  or  any  other  hard  substance,  scratches  the  surface  of  the 
glass ;  a  eryttal  of  diamond  having  the  rounded  octohedral  figure  spoken  of. 
held  in  one  particular  position  on  the  glass  —  namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent  faces  presented  to  the  surface  —  and  then 
drawn  along  with  gentle  pressure,  causes  a  split  or  out,  which  penetrates 
to  a  considerable  depth  into  the  glass,  and  determines  its  fracture  with  per- 
fect certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon,  al- 
though most  specimens  contain  iron,  the  quantity  of  which  varies  from  a 
mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare  mineral :  the 
finest  and  most  valuable  for  pencils  is  brought  from  Borrowdale,  in  Cumber- 
land, where  a  kind  of  irregular  vein  is  found  traversing  the  ancient  slate 
beds  of  that  district.*    Crystals  are  not  common:  when  they  occur,  they 


*  The  $ 
powdered 
consolidated  ; 


graphite  which  can  be  directly  cot  for  pencils  occurring  only  In  limited  qaantfty, 
Hi  graphite,  obtnlned  from  the  inferior  varieties  of  the  mineral,  is  now  frequently 
lated  for  this  purpose.     The  mechanical  division  of  graphite  presents  considerable 
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hare  tke  figure  of  a  short  six-sided  prism — a  form  bearing  no  geometric 
relation  to  that  of  the  diamond. 

Graphite  is  often  formed  artificially  in  certain  metallurgic  operations: 
the  brilliant  scales  which  sometimes  separate  from  melted  cast-iron  on 
cooling,  called  by  the  workmen  "kish,"  consist  of  graphite. 

Lampblack,  the  soot  produced  by  the  imperfect  combustion  of  oil  or 
resin,  is  the  best  example  that  can  be  given  of  carbon  in  its  uncrystallized 
or  amorphous  state.  To  the  same  class  belong  the  different  kinds  of  char- 
coal. That  prepared  from  wood,  either  by  distillation  in  a  large  iron  retort, 
or  by  the  smothered  combustion  of  a  pile  of  fagots  partially  covered  with 
earth,  is  the  most  valuable  as  fuel.  Coke,  the  charcoal  of  pit-coal,  is  much 
more  impure ;  it  contains  a  large  quantity  of  earthy  matter,  and  very  often 
sulphur,  the  quality  depending  very  much  upon  the  mode  of  preparation. 
Charcoal  from  bones  and  animal  matters  in  general  is  a  very  valuable  sub- 
stance, on  account  of  the  extraordinary  power  it  possesses  of  removing 
coloring  matters  from  organic  solutions ;  it  is  used  for  this  purpose  by  the 
sagar-refiners  to  a  very  great  extent,  and  also  by  the  manufacturing  and 
scientific  chemist.  The  property  in  question  is  possessed  by  all  kinds  of 
charcoal  in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property  of  con- 
densing gases  and  vapors  into  its  pores :  of  ammoniacal  gas  it  is  said  to 
absorb  not  less  than  ninety  times  its  volume,  while  of  hydrogen  it  takes  up 
less  than  twice  its  own  bulk,  the  quantity  being  apparently  connected  with 
the  property  in  the  gas  of  suffering  liquefaction.  This  property  of  absorb- 
ing gases,  as  well  as  the  decolorizing  power,  no  doubt  depends  in  some  way 
upon  the  same  peculiar  action  of  surface  so  remarkable  in  the  case  of  pla- 
tinum in  a  mixture  of  oxygen  and  hydrogen.  The  absorbing  power  is,  in- 
deed, considerably  increased  by  saturating  oharcoal  with  solution  of  pla- 
tinum, and  subsequently  igniting  it,  so  as  to  coat  the  charcoal  with  a  thin 
film  of  platinum.  Dr.  Stenhouse,  who  suggested  this  plan,  finds  that  the 
g*ses  thus  absorbed  undergo  a  kind  of  oxidation  within  the  pores  of  the 
charcoal.* 

Compounds  of  Carbon  and  Oxygen. 
There  are  two  direct  inorganic  compounds   of   carbon    and    oxygen 


,  which  may  be  entirely  obviated  by  Adopting  a  chemical  process  suggested  by  Sir 

Bcsjanin  Brodie,  applicable,  however,  only  to  certain  varieties,  such  as  Ceylon  graphite.  This 
preceis  consists  in  introducing  the  coarsely  powdered  graphite,  previously  mixed  with  -J,  of 
fo  weight  °f  potassium  chlorate,  into  2  parts  of  concentrated  sulphuric  acid,  which  is  heated 
i»  »  water-both  until  the  evolution  of  acid  fumes  ceases.  The  acid  is  then  removed  by  water, 
■od  the  graphite  dried.  Thus  prepared,  this  substance,  when  heated  to  a  temperature  ap- 
pv«rJiiag  a  red  heat,  swells  up  to  a  bulky  mass  of  finely  divided  graphite.  The  gruphite 
bfcjy  discovered  in  Siberia,  which  attracted  such  general  attention  at  the  Exhibition  of  1862, 
likewise  admits  of  being  purified  by  Sir  B.  Brodie's  process. 

[*  It  removes  from  solution  in  water  the  vegetable  bases,  bitter  principles,  and  astringent 
•absences  when  employed  in  excess,  requiring  from  twice  to  twenty  times  their  weight  for 
tot-J  precipitation.  A  lolutioi  of  iodino  in  w  itar,  or  of  iodide  of  potassium,  is  quickly  deprived 
«  color.  Metallic  salts  dissolved  in  water,  or  diluted  alcohol,  are  precipitated,  though  not 
atiMv,  requiring  almut  thirty  times  their  weight  of  animal  charcoal.  Arsenious  acid  is 
***Hy  carried  out  or  solution.  In  these  cases  it  acts  in  three  different  ways :  the  salt  is  ab- 
wrtwi  unaltered:  the  oxide  in  tin  salt  may  be  reduced;  or,  the  suits  precipitated  in  a  basic 
«p»litiaot  the  solution  allowing  an  acid  reaction  as  soon  as  the  carbon  begins  to  act.  It  is  in 
wwUet  om*  esp*citlly  thit  traces  of  the  bates  can  be  detected,  the  scld  set  free  preventing 
«w  total  precipitation.  The  precipitation  may  hence  be  prevented  bv  adding  an  excess  of 
*M.w»J  the  bases  after  precipitation  may  be  dissolved  out  by  boiling  with  an  acid  solution.— 
•'tfrittgtoo.  M«ra  Chira.  Soc.  1846:  Garrod,  Pharm.  Journ.  1845;  Weppen,  Ann.  d*  Chiin.  1846. 
wl«u  b  a  combustible  uniting  with  oxygen  and  producing  carbonic  acid.  Its  different  forms 
wtibit  much  difference  in  this  respect:  in  the  very  porous  condition  of  charcoal  it  burns 
**s*ly,  while  in  its  most  dense  form,  the  diamond,  it  requires  a  bright-red  heat  and  pure 
»»7*en  gas.  In  the  form  of  charcoal,  it  conducts  heat  slowly  and  electricity  readily.  Carbon 
■■notable  In  water  and  not  liable  to  be  affected  by  air  and  moisture.  It  retards  putrefac- 
**.-*>  B.J 
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called  carbon  monoxide  and  carbon  dioxide:  their  composition  may  be 
thus  stated: 

Omb position  by  weight. 


Carbon  monoxide 
Carbon  dioxide 


Carbon. 
.    12 
12 


Oxygen. 
16 
82 


Carboh  Dioxidx,  or  Carbohig  Oxidb  (commonly  called  Carbonic  Add), 
is  always  produced  when  charcoal  burns  in  air  or  oxygen  gas:  it  is  most 
conveniently  obtained,  however,  for  study,  by  decomposing  a  carbonate 
with  one  of  the  stronger  acids.  For  this  purpose,  the  apparatus  for  gen- 
erating hydrogen  may  again  be  employed :  Fragments  of  marble  are  put 
into  the  bottle  with  enough  water  to  cover  the  extremity  of  the  funnel- 
tube,  and  hydrochloric  or  nitric  acid  is  added  by  the  latter,  until  the  gas  is 
freely  disengaged.  Chalk-powder  and  dilute  sulphuric  acid  may  be  used 
instead.  The  gas  may  be  collected  over  water,  although  with  some  loss ; 
or  very  conveniently  by  displacement,  if  it  be  required  dry,  as  shown  in 
fig.  118.     The  long  drying-tube  is  filled  with  fragments  of  calcium  chloride, 

Jty.118. 


and  the  heavy  gas  is  conducted  to  the  bottom  of  the  vessel  in  which  it  is 
to  be  received,  the  mouth  of  the  latter  being  lightly  closed.* 

Carbon  dioxide  is  a  colorless  gas ;  it  has  an  agreeable  pungent  taste  and 
oolor,  but  cannot  be  respired  for  a  minute  without  insensibility  following. 
Its  specific  gravity  is  l*524,f  a  litre  weighing  1'96664  grams  and  100  cubic 
inches  weighing  47*26  grains. 

Fig.  lio.  This  gas   is   very  hurtful  to   animal    life,    even 

when  largely  diluted  with  air;   it  acts  as  a   nar- 


*>In  connecting  tube-apparatus  for  conveying  gases  or  cold 
liquids,  not  corn  wive,  little  tube*  of  caoutchouc  about  an  inch  long 
are  inexprtuMy  useful.  These  are  made  by  bending  a  piece  of 
sheet  India-rubber  loosely  round  a  glass  tube  or  rod,  and  cutting 
off  the  superfluous  portion  with  sharp  scissois.  The  freah-cut 
edges  of  the  caoutchouc,  pressed  strongly  together,  cohere  com- 
pletely, and  the  tube  is  perfect,  provided  they  have  not  been 
soiled  by  touching  with  the  finjrers.  The  connectors  are  secured 
by  two  or  throe  turns  of  thin  silk  cord.  Tubes  of  various  sices, 
made  of  vulcanized  iiidia-r«M»er,  are  now  articles  of  commerce, 
and  may  be  conveniently  substituted  for  those  made  in  the  labo- 
ratory. The  glass  tubes  are  sold  by  weight,  and  are  easily  bent  in 
the  flame  of  a  spirit-lamp,  and,  when  necessary,  cat  by  scratching 
with  a  file,  and  broken  asunder. 

t  Dulong  and  Berselius. 
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colic  poison.  Hence  the  danger  arising  from  Imperfect  ventilation, 
the  use  of  fireplaces  and  stores  of  all  kinds  unprorided  with  proper 
chimneys,  and  the  crowding  together  of  many  individuals  in  houses 
and  ships  without  efficient  means  for  renewing  the  air;  for  carbon 
dioxide  is  constantly  disengaged  during  the  process  of  respiration,  which, 
as  we  have  seen  (p.  131),  is  nothing  but  a  process  of  slow  oombustion. 
This  gas  is  sometimes  emitted  in  large  quantity  from  the  earth  in  volcanio 
districts,  and  it  is  constantly  generated  where  organic  matter  is  in  the  act 
of  undergoing  fermentive  decomposition.  The  fatal  "  after-damp  "  of  the 
coal-mines  contains  a  large  proportion  of  carbon  dioxide. 

A  lighted  taper  plunged  into  carbon  dioxide  is  instantly  extinguished 
even  to  the  red-hot  snuff.  When  diluted  with  three  times  its  volume  of 
air,  it  still  retains  the  power  of  extinguishing  a  light.  The  gas  is  easily 
known  from  nitrogen,  which  is  also  incapable  of  supporting  combustion, 
by  its  rapid  absorption  by  caustic  alkali,  or  by  lime-water ;  the  turbidity 
communicated  to  the  latter  from  the  production  of  insoluble  calcium  car- 
bonate is  very  characteristic. 

Cold  water  dissolves  about  its  own  volume  of  carbon  dioxide,  whatever 
be  the  density  of  the  gas  with  which  it  is  in  contact  (comp.  p.  151);  the 
solution  temporarily  reddens  litmus-paper.  In  common  soda-water,  and 
also  in  effervescent  wines,  examples  may  be  seen  of  the  solubility  of  the 
gu.    Even  boiling  water  absorbs  a  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  the  liquefaction  of  carbon 
dioxide  have  been  already  described :  it  requires  for  the  purpose  a  pres- 
sure of  between  27  and  28  atmospheres  at  0°,  according  to  Mr.  Adams. 
The  liquefied  oxide  is  colorless  and  limpid,  lighter  than  water,  and  four 
times  more  expansible  than  air:  it  mixes  in  all  proportions  with  ether, 
alcohol,  naphtha,  oil  of  turpentine,  and  carbon  disulphide,  and  is  insoluble 
is  water  and  fat  oils.  In  this  condition  it  does  not  exhibit  any  of  the 
properties  of  an  acid. 

Carbon  dioxide  exists,  as  already  mentioned,  in  the  air:  relatively  its 
quantity  is  bnt  small ;  but  absolutely,  taking  into  account  the  vast  extent 
of  the  atmosphere,  it  is  very  great,  and  fully  adequate  to  the  purpose  for 
which  it  is  designed,  —  namely,  to  supply  to  plants  their  oarbon,  these  lat- 
ter hiving  the  power,  by  the  aid  of  their  green  leaves,  of  decomposing 
carbon  dioxide,  retaining  the  carbon,  and  expelling  the  oxygen.  The 
presence  of  light  is  essential  to  this  effect,  but  of  the  manner  in  which  it 
ia  produced  we  are  yet  ignorant. 

The  carbonate*  form  a  very  large  and  important  group  of  salts,  some  of 
which  occur  in  nature  in  great  quantities,  as  the  carbonates  of  calcium 
■ad  magnesium.  They  contain  the  elements  of  carbon  dioxide  and  a  me- 
tallic oxide:  calcium  carbonate,  for  example,  being  composed  of  44  parts 
by  weight  of  carbon  dioxide  and  66  parts  of  calcium  oxide  or  lime,  or  of 
12  carbon,  48  oxygen,  and  40  calcium ;  *  but  they  are  never  formed  by  the 
direct  union  of  dry  carbon  dioxide  with  a  dry  metallic  oxide,  the  inter- 
vention of  water  being  always  required  to  bring  about  the  combination. 
Potassium  carbonate  (pearlash)  is  the  chief  constituent  of  wood-ashes; 
■odium  carbonate  is  contained  in  the  ashes  of  marine  plants,  and  is  manu- 
factured on  a  very  large  scale  by  heating  sodium  sulphate  with  lime  and 
coaL  These  carbonates  are  soluble  in  water.  The  other  metallic  carbon- 
■Us,  which  are  insoluble,  may  be  formed  by  mixing  a  solution  of  potas- 
nam  or  sodium  carbonate  with  a  soluble,  metallio  salt;  thus,  when  solu- 
tions of  lead  nitrate  and  sodium  carbonate  are  mixed  together,  the  lead 
■nd  sodium  change  plaoes,  forming  sodium  nitrate,  which  remains  dis- 
ced, and  lead  carbonate,  which,  being  insoluble  in  water,  is  precipi- 
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Uted  *  in  the  form  of  a  white  powder.    This  is  an  example  of  double  de~ 
eompoeition,  the  most  frequent  of  all  forms  of  chemical  action. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to  contain 
hydrogen  carbonate,  or  carbonic  acid,  consisting  of  12  parts  by  weight  of 
carbon,  48  oxygen,  and  2  hydrogen ;  f  but  this  compound  is  not  known  in 
the  separate  state,  only  in  aqueous  solution. 

Carboh  Mohoxidb,  or  Cabbohous  Oxidi  (commonly  called  Carbon* 
Oxide).  —  When  carbon  dioxide  is  passed  over  red-hot  charcoal  or  metallic 
iron,  one-half  of  its  oxygen  is  remoYed,  and  it  becomes  converted  into 
carbon  monoxide.  A  very  good  method  of  preparing  this  gas  is  to  intro- 
duce into  a  flask  fitted  with  a  bent  tube  some  crystallised  oxalic  acid,  or 
salt  of  sorrel,  and  pour  upon  it  five  or  six  times  as  much  strong  oil  of 
vitriol.  J  On  heating  the  mixture,  the  organic  acid  is  resolved  into  water, 
carbon  dioxide,  and  carbon  monoxide ;  and  by  passing  the  gases  through 
a  strong  solution  of  caustic  potash,  the  first  is  withdrawn  by  absorption, 
while  the  second  remains  unchanged.  Another  and,  it  may  be,  preferable 
method,  is  to  heat  finely  powdered  yellow  potassium  ferrocysnide  with 
eight  or  ten  times  its  weight  of  concentrated  sulphuric  acid.  The  salt  is 
entirely  decomposed,  yielding  a  most  copious  supply  of  perfectly  pure 
carbonous  oxide  gas,  which  may  be  collected  over  water  in  the  usual 
manner.} 

Carbon  monoxide  is  a  combustible  gas ;  it  burns  with  a  beautiful  pale- 
blue  flame,  generating  carbon  dioxide.  It  has  never  been  liquefied.  It  is 
colorless,  has  very  little  odor,  and  is  extremely  poisonous — much  more  so 
than  carbon  dioxide.  Mixed  with  oxygen,  it  explodes  by  the  electric  Fpark, 
but  with  some  difficulty.  Its  specific  gravity  is  0-978;  a  litre  weighs 
1*2515  grams;  100  cubic  inches  weigh  80-21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  may  thus  be  made  in- 
telligible: carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas 
suffering  no  change  of  bulk  by  its  conversion.  One  measure  of  carbon 
monoxide,  mixed  with  half  a  measure  of  oxygen  and  exploded,  yields  one 
measure  of  carbon  dioxide ;  hence  carbon  monoxide  contains  half  its  volume 
of  oxygen. 

Carbon  monoxide  unites  with  chlorine  under  the  influence  of  light,  form- 
ing a  pungent,  suffocating  compound,  possessing  acid  properties,  called 
phosgene  gas,  or  carbonyl  chloride.  It  made  by  mixing  equal  volumes  of 
carbon  monoxide  and  chlorine,  both  perfectly  dry,  and  exposing  the  mix- 
ture to  sunshine:  the  gases  unite  quietly,  the  color  disappears,  and  the 
volume  becomes  reduced  to  one  half.  A  more  convenient  method  for  pre- 
paring this  gas  consists  in  passing  carbon  monoxide  through  antimony 
pentachloride.     It  is  decomposed  by  water. 

•    OOsNa,       +       (NOftPb       =       2NO,Na       +       OtfrPb 

Sodium  Lead  Sodium  Lead 

carbonate.  nitrate.  nitrate.  carbonate, 

t  C  \,H,  or  COjOH* 

%  ttJOttij     =     co     +     C0i      +     on, 

Oxalic  Carlton  Carbon  Water, 

acid.  monoxide.         dioxide. 

}  The  reaction  is  represented  by  the  equation : 

GBN«K4Fe  +  COll,  +  6SO4H,  =  6CO  +  2S04K,  +  SSO/NH*),  +  SO^e 
PutusMium  Water.  Sulphuric  Carbon  Potaealum  Ammonium  Ferrous 
ferrocynuide.  acid.         monoxide,     sulphate.  sulphate.  sulphate. 

See  a  paper  by  the  author  in  the  Memoirs  of  the  Chemical  Society,  i.  261. 
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Compounds  of  Carbon  and  Hydrogen. 

The  compounds  of  carbon  and  hydrogen  already  known  are  exceedingly 
numerous:  perhaps  all,  in  strictness,  belong  to  the  domain  of  organic 
chemistry,  as  they  cannot,  except  in  Tery  few  cases,  be  formed  by  the  di- 
rect anion  of  their  elements,  but  always  arise  from  the  decomposition  of  a 
complex  body  of  organic  origin.  It  will  be  found  conyenient,  notwith- 
standing, to  describe  two  of  them  in  this  part  of  the  volume,  as  they  Tery 
well  illustrate  the  important  subjects  of  oombustion  and  the  nature  of  flame. 

Methane  or  Marsh  Gas  ;  Light  Carbon ktted  Hydrogen  ;  Fire-damp. — 
This  gas  is  but  too  often  found  to  be  abundantly  disengaged  in  coal- 
siines  from  the  fresh-cut  surface  of  the  coal,  and  from  remarkable  aper- 
tures or  ••  blowers,"  which  emit  for  a  great  length  of  time  a  copious  stream 
or  jet  of  gas,  probably  existing  in  a  state  of  compression,  pent  up  in  the 
coal 

The  mnd  at  the  bottom  of  pools  in  which  water-plants  grow,  on  being 
stirred,  suffers  bubbles  of  gas  to  escape,  which  may  be  easily  collected. 
This,  on  examination,  is  found  to  be  chiefly  a  mixture  of  light  carbonetted 
hydrogen  and  carbon  dioxide :  the  latter  is  easily  absorbed  by  lime-water 
or  eaostie  potash. 

For  a  long  time,  no  method  was  known  by  which  the  gas  in  question 
could  be  produced  in  a  state  approaching  to  purity  by  artificial  means; 
the  various  illuminating  gases  from  pit-coal  and  oil,  and  that  obtained  by 
passing  the  vapor  of  alcohol  through  a  red-hot  tube,  contain  large  quan- 
tities of  light  carbonetted  hydrogen,  associated,  however,  with  other  sub- 
stances which  hardly  admit  of  separation;  but  Dumas  has  discovered  a 
method  by  which  that  gas  can  be  produced  at  will ;  perfectly  pure,  and 
ia  any  quantity.* 

A  mixture  is  made  of  40  parts  crystallized  sodium  acetate,  40  parts  solid 
sodium  hydrate,  and  60  parts  quicklime  in  powder.  This  mixture  is  trans- 
ferred to  a  flask  or  retort,  and  strongly  heated ;  the  gas  is  disengaged  in 
great  abundance,  and  may  be  collected  over  water,  while  sodium  carbonate 
remains  behind,  f 

Methane  is  a  colorless  and  nearly  inodorous  gas,  which  does  not  affect 
vegetable  colors.  It  burns  with  a  yellow  flame,  generating  carbon  dioxide 
and  water.  It  is  not  poisonous,  and  may  be  respired  to  a  great  extent 
without  apparent  injury.  The  density  of  this  compound  is  about  0*569,  a 
litre  weighing  0.71558  grams,  and  100  cubic  inches  weighing  17*41  grains; 
it  contains  carbon  and  hydrogen  associated  in  the  proportion  of  12  parts 
by  weight  of  the  former  to  4  of  the  latter.  % 

When  100  measures  of  this  gas  are  mixed  with  200  of  pure  oxygen  in  the 
eudiometer,  and  the  mixture  exploded  by  the  electric  spark,  100  measures 
of  gas  remain,  which  are  entirely  absorbable  by  a  little  solution  of  caustic 
potash.  Now,  carbon  dioxide  contains  its  own  volume  of  oxygen :  hence 
one-half  the  oxygen  added  —  that  is,  100  measures  —  must  have  been  con- 
sumed in  uniting  with  the  hydrogen.  Consequently,  the  gas  must  contain 
twice  its  own  measure  of  hydrogen,  and  enough  carbon  to  produce,  when 
completely  burned,  an  equal  quantity  of  carbon  dioxide. 

«  Abu.  Chim.  Phya.  lxxf H.  93. 

t  The  reaction  is  represented  by  the  equation : 

CjUANa      +      NaflO      =      CH*      +      COgNa, 
Budjuin  Sodium  Harsh  Sodium 

acetate.  hydrate.  gas.  carbonate. 

The  use  of  the  lime  la  merely  to  prevent  the  sodium  hydrate  from  fusing  and  attacking  the 
lbs. 
X  The  two  carbide*  of  hydrogen  here  described  are  represented  by  the  following  formula : 
Methane  or  Harsh  gas    .    .    CH*  Ethane  or  Oleflant  gas    .    .    CfcH* 
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When  chlorine  is  mixed  with  marsh  gas  over  water,  no  change  follows, 
provided  light  be  excluded.  The  presence  of  light,  however,  brings  about 
decomposition,  hydrochloric  acid,  carbon  dioxide,  and  sometimes  other 
products,  being  formed.  It  is  important  to  remember  that  this  gas  is  not. 
acted  upon  by  chlorine  in  the  dark. 

Ethens  or  Olbtiaxt  Gas.  —  Strong  spirit  of  wine  is  mixed  with  fire  or 
six  times  its  weight  of  oil  of  vitriol  in  a  glass  flask,  the  tube  of  which  passes 
into  a  wash-bottle  containing  caustic  potash.  A  second  wash-bottle,  partly 
filled  with  oil  of  vitriol,  is  connected  with  the  first,  and  furnished  with  sv 
tube  dipping  into  the  water  of  the  pneumatic  trough.  On  the  first  applica- 
tion of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards  ether, 
make  their  appearance;  but,  as  the  temperature  rises,  and  the  mixture 
blackens,  the  ether- vapor  diminishes  in  quantity,  and  its  place  becomes  in. 
great  part  supplied  by  a  permanent  inflammable  gas ;  carbon  dioxide  and 
sulphurous  oxide  are  also  generated  at  the  same  time,  besides  traces  of 
other  products.  The  two  last-mentioned  gases  are  absorbed  by  the  alkali 
in  the  first  bottle,  and  the  ether- vapor  by  the  acid  in  the  second,  so  that  the 
defiant  gas  is  delivered  tolerably  pure.  The  entire  reaction  is  too  complex 
to  be  discussed  at  the  present  moment ;  it  will  be  found  fully  described  in 
another  part  of  the  volume;  but  the  ethene  may  be  regarded  as  resulting 
from  a  simple  dehydration  of  the  alcohol  by  the  oil  of  vitriol.*  Olefiant 
gas  thus  produced  is  colorless,  neutral,  and  but  slightly  soluble  in  water. 
Alcohol,  ether,  oil  of  turpentine,  and  even  olive  oil,  as  Faraday  has  observed, 
dissolve  it  to  a  considerable  extent.  It  has  a  faint  odor  of  garlic.  On  the 
approach  of  a  kindled  taper,  it  takes  fire,  and  burns  with  a  splendid  white 
light,  far  surpassing  in  brilliancy  that  produced  by  marsh  gas.  This  gas, 
when  mixed  with  oxygen,  and  fired,  explodes  with  extreme  violence.  Its 
density  is  0*981 ;  a  litre  weighs  1*25194  grams;  100  cubic  inches  weigh  80*57 
grains. 

By  the  use  of  the  eudiometer,  as  already  desoribed,  it  has  been  found  that 
each  measure  of  ethene  require*  for  complete  combustion  exactly  three  of 
oxygen,  and  produces  under  these  circumstances  two  measures  of  carbon 
dioxide ;  whence  it  is  evident  that  it  contains  twice  its  own  volume  of  hy- 
drogen combined  with  twice  as  much  carbon  as  in  methane. 

By  weight,  these  proportions  will  be  24  parts  carbon  and  4  parts  hydrogen. 

Ethene  is  decomposed  by  passing  it  through  a  tube  heated  to  bright  red- 
ness; a  deposit  of  charcoal  and  tar  takes  place,  and  the  gas  becomes  con- 
verted into  marsh  gas,  or  even  into  free  hydrogen,  if  the  temperature  be  very 
high.     This  latter  change  is,  of  course,  attended  by  increase  of  volume. 

Chlorine  acts  upon  ethene  in  a  very  remarkable  manner.  When  the  two 
bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal  measures,  and 
give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and  ethereal  odor,  to 
whioh  the  name  of  ethene  chloride,  or  Dutch  liquid, f  is  given.  It  is  from 
this  peculiarity  that  the  term  olefiant  gas  is  derived. 

A  pleasing  and  instructive  experiment  may  also  be  made  by  mixing  in  a 
tall  jar  two  measures  of  chlorine  and  one  of  ethene,  and  then  quickly  ap- 
plying a  light  to  the  mouth  of  the  vessel.  The  ohlorine  and  hydrogen  unite 
with  flame,  which  passes  quickly  down  the  jar,  while  the  whole  of  the  carbon 
is  set  free  in  the  form  of  a  thick  black  smoke. 

Coal  and  Oil  Gases.  —  The  manufacture  of  coal-gas  is.  at  the  present 
moment,  a  branch  of  industry  of  great  interest  and  importance  in  several 
points  of  view.  The  process  is  one  of  great  simplicity  of  principle,  but 
requires,  in  practice,  some  delicacy  in  management  to  yield  a  good  result. 

•  C,?T«0  s  CjH4  +  OHj 

Alcohol.  Ethene.  Water, 
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When  pit-coal  is  subjected  to  destructive  distillation,  a  variety  of  products 
show  themselves  —  permanent  gases,  steam,  and  volatile  oils,  besides  a  not 
inconsiderable  quantity  of  ammonia  from  the  nitrogen  always  present  in 
the  coal  These  substances  vary  very  much  in  their  proportions  with  the 
temperature  at  which  the  process  is  conducted,  the  permanent  gases  be- 
coming more  abundant  with  increased  heat,  but,  at  the  same  time,  losing 
much  of  their  value  for  the  purposes  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright-red  heat, 
and  the  volatilized  product  is  conducted  into  a  long  horizontal  pipe  of  large 
dimensions,  always  half  filled  with  liquid,  into  which  the  extremity  of  each 
separate  tube  dips:  this  is  called  the  hydraulic  main.  The  gas  and  its 
accompanying  vapors  are  next  made  to  traverse  a  refrigerator  —  usually  a 
series  of  iron  pipes,  cooled  on  the  outside  by  a  stream  of  water ;  here  the 
condensation  of  the  tar  and  the  ammoniacal  liquid  becomes  complete,  and 
the  gas  proceeds  onward  to  another  part  of  the  apparatus,  in  which  it  is 
deprived  of  the  sulphuretted  hydrogen  and  carbonic  acid  gases  always  pres- 
ent in  the  crude  product.  This  was  formerly  effected  by  slaked  lime,  which 
readily  absorbs  the  compounds  in  question.  The  use  of  lime,  however,  has 
been  almost  superseded  by  that  of  a  mixture  of  sawdust  and  iron  oxide. 
This  mixture,  after  having  been  employed,  is  exposed  for  some  time  to  the 
atmosphere,  and  is  then  fit  for  use  a  second  time.  The  purifiers  are  large 
iron  vessels,  filled  either  with  slaked  lime  or  with  the  iron  oxide  mixture. 
The  gas  is  admitted  at  the  bottom  of  the  vessel,  and  made  to  pass  over  a 
large  surface  of  the  purifying  agents.  The  last  part  of  the  operation, 
which,  indeed,  is  often  omitted,  consists  in  passing  the  gas  through  dilute 
sulphuric  acid,  in  order  to  remove  ammonia.  The  quantity  thus  separated 
is  very  small,  relatively,  to  the  bulk  of  the  gas,  but,  in  an  extensive  work, 
becomes  an  object  of  importance. 

Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in  immense 
cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks  of  water  by 
chains  to  which  counterpoises  are  attached,  so  that  the  gas-holders  rise 
and  sink  in  the  liquid  as  they  become  filled  from  the  purifiers  or  emptied 
by  the  mains.  These  latter  are  made  of  large  diameter,  to  diminish  as 
much  as  possible  the  resistance  experienced  by  the  gas  in  passing  through 
fuch  a  length  of  pipe.  The  joints  of  these  mains  are  still  made  in  so  im- 
perfect a  manner  that  immense  loss  is  experienced  by  leakage  when  the 
pressure  upon  the  gas  at  the  works  exceeds  that  exerted  by  a  column  of 
water  an  inch  in  height.* 

Coal-gas  varies  very  much  in  composition,  judging  from  its  variable  den- 
sity and  illuminating  powers,  and  from  the  analyses  which  have  been  made. 
The  difficulties  of  such  investigations  are  very  great,  and  unless  particular 
precaution  be  taken,  the  results  are  merely  approximative.  The  purified 
gu  is  believed  to  contain  the  following  substances,  of  which  the  first  is  the 
most  abundant,  and  the  second  the  most  valuable : 

Methane,  or  Marsh  gas. 
Ethene,  or  defiant  gas. 
Hydrogen. 


•  It  may  give  some  Idea  of  the  extent  of  thie  species  of  manufacture,  to  mention  that  in  the 
Jtv  UBS,  for  lighting  London  and  the  suburbs  alone,  there  were  eighteen  public  gas-works, 
tad  £1SOO,000  invested  in  pipes  and  apparatus.    The  yearly  revenue  amounted  to  £460.000,  ana 


th*  consumption  of  coal  in  the  same  period  to  180,000  tons,  1460  milium*  of  cubic  foot  of  gus 
txiag  made  in  the  year.  There  were  134,300  private  lights,  and  30,400  street  lamps.  800  tuns 
of  coal  were  used  in  the  retorts  in  the  space  of  twenty-four  hours  at  mid-winter,  and  7,120,000 
eabic  feet  of  gas  consumed  in  the  longest  night.  —  Ore,  Dictinnary  of  Art*  and  Manufactures. 
Saw  that  time,  the  production  of  gas  has  been  enormously  increased.  The  amount  of  conl 
vm*  in  London  for  gaa-making  in  1867  is  estimated  at  more  than  800,000  tons,  yielding  not  less 
tato  7,OOr»,000  of  cubic  feet  of  gas.  In  the  same  year,  the  mains  in  the  London  streets  had 
naeaed  the  extraordinary  length  of  2000  miles. 
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Carbon  Monoxide. 

Nitrogen. 

Vapors  of  Tolatile  liquid  Hydrocarbons.* 

Vapor  of  Carbon  Bisulphide. 

Separated  by  Condensation  and  by  the  Purifiers. 

Tar  and  Volatile  Oils. 

Ammonium  Sulphate,  Chloride,  and  Sulphide. 

Hydrogen  Sulphide. 

Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 

Sulphooyanio  acid,  or  Ammonium  Sulphocyanate. 

A  far  better  illuminating  gas  may  be  prepared  from  oil,  by  dropping  it 
into  a  red-hot  iron  retort  filled  with  coke ;  the  liquid  is  in  great  part  decom- 
posed and  conTerted  into  permanent  gas,  which  requires  no  purification,  as 
it  is  quite  free  from  the  ammoniacal  and  sulphur  compounds  which  vitiate 
gas  from  coal.  Many  years  ago,  this  article  was  prepared  in  London ;  it 
was  compressed  for  the  use  of  the  consumer  into  strong  iron  vessels,  to  the 
extent  of  80  atmospheres;  these  were  furnished  with  a  screw-valve  of  pe- 
culiar construction,  and  exchanged  for  others  when  exhausted.  The  com- 
parative high  price  of  the  material,  and  other  circumstances,  led  to  the 
abandonment  of  the  undertaking.  On  the  Continent,  gas  is  now  extensively 
prepared  from  wood. 

COMBUSTION,  AND  THE  STRUCTURE  OF  FLAMS. 

When  any  solid  substance  oapable  of  bearing  the  fire  is  heated  to  a  cer- 
tain point,  it  emits  light,  the  character  of  which  depends  upon  the  tempera- 
ture. Thus,  a  bar  of  platinum  or  a  piece  of  porcelain,  raised  to  a  particu- 
lar temperature,  becomes  what  is  called  red-hot,  or  emissive  of  red  light : 
at  a  higher  degree  of  heat,  this  light  becomes  whiter  and  more  intense,  and 
when  urged  to  the  utmost,  as  in  the  case  of  a  piece  of  lime  placed  in  the 
flame  of  the  oxyhydrogen  blowpipe,  the  light  becomes  exceedingly  powerful, 
and  acquires  a  tint  of  violet.  Bodies  in  these  states  are  said  to  be  mean- 
descent  or  ignited. 

Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal,  similar 
effects  will  be  observed ;  but  something  in  addition :  for  whereas  the  plati- 
num or  porcelain,  when  removed  from  the  fire,  or  the  lime  from  the  blow- 
pipe flame,  begin  immediately  to  cool,  and  emit  less  and  less  light,  until 
they  become  completely  obscure,  the  charcoal  maintains  to  a  great  extent 
its  high  temperature.  Unlike  the  other  bodies,  too,  which  suffer  no  change 
whatever,  either  of  weight  or  substance,  the  charcoal  gradually  wastes 
away  until  it  disappears.  This  is  what  is  called  combustion,  in  contradis- 
tinction to  mere  ignition ;  the  charcoal  burns,  and  its  temperature  is  kept 
up  by  the  heat  evolved  in  the  act  of  union  with  the  oxygen  of  the  air. 

In  the  most  general  sense,  a  body  in  a  state  of  combustion  is  one  in  the  act 
of  undergoing  intense  chemical  action:  any  chemical  action  whatsoever,  if 
its  energy  rise  sufficiently  high,  may  produce  the  phenomenon  of  combus- 
tion, by  heating  the  body  to  such  an  extent  that  it  becomes  luminous. 

In  all  ordinary  cases  of  combustion,  the  action  lies  between  the  burning 
body  and  the  oxygen  of  the  air ;  and  since  the  materials  employed  for  the 
economical  production  of  heat  and  light  consist  of  carbon  chiefly,  or  that 
substance  conjoined  with  a  certain  proportion  of  hydrogen  and  oxygen,  all 
common  effects  of  this  nature  are  cases  of  the  rapid  and  violent  oxidation 
of  carbon  and  hydrogen  by  the  aid  of  the  free  oxygen  of  the  air.    The  heat 

•Theee  bodief  increase  the  illuminating  power,  and  confer  on  the  gaf  ita  psssHar  odor. 
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must  be  referred  to  the  act  of  chemical  union,  and  the  light  to  the  derated 
temperature. 

By  this  principle,  it  is  easy  to  understand  the  means  which  must  be 
adopted  to  increase  the  heat  of  ordinary  fires  to  the  point  necessary  to  melt 
refractory  metals,  and  to  bring  about  certain  desired  effects  of  chemical 
decomposition.  If  the  rate  of  consumption  of  the  fuel  can  be  increased  by 
a  more  rapid  introduction  of  air  into  the  burning  mass,  the  intensity  of  the 
heat  will  of  necessity  rise  in  the  same  ratio,  the  quantity  of  heat  evolved 
being  fixed  and  definite  for  the  same  constant  quantity  of  chemical  action. 
This  increased  supply  of  air  may  be  effected  by  two  distinct  methods :  it 
may  be  forced  into  the  fire  by  bellows  or  blowing-machines,  as  in  the  com- 
mon forge  and  in  the  blast  and  cupola-furnaces  of  the  iron-worker,  or  it 
may  be  drawn  through  the  burning  materials  by  the  help  of  a  tall  chimney, 
the  fireplace  being  closed  on  all  sides,  and  no  entrance  of  air  allowed,  save 
between  the  bars  of  the  grate.  Such  is  the  kind  of  furnace  generally  em- 
ployed by  the  scientific  chemist  in  assaying  and  in  the  reduction  of  metallic 
oxides  by  charcoal :  the  principle  will  be  at  once  understood  by  the  aid  of 
the  sectional  drawing  (fig.  120),  in  which  a  crucible  is  represented  arranged 
in  the  fire  for  an  operation  of  the  kind  mentioned. 


Fig.  120. 
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Fiff.  17L 
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The  "  reverberatory "  furnace  (fig.  121)  is  one  very  much  used  in  the 
arts  when  substances  are  to  be  exposed  to  heat  without  contact  with  the 
faeL  The  fire-chamber  is  separated  from  the  bed  or  hearth  of  the  furnace 
by  a  low  wall  or  bridge  of  brick-work,  and  the  flame  and  heated  air  are  re- 
flected downward  by  the  arched  form  of  the  roof.  Any  degree  of  heat  can 
be  obtained  in  a  furnace  of  this  kind  —  from  the  temperature  of  dull  red- 
ness to  that  required  to  melt  very  large  quantities  of  cast-iron.  The  fire 
is  urged  by  a  chimney  provided  with  a  sliding- plate,  or  damper,  to  regulate 
the  draught. 

Solids  and  liquids,  as  melted  metal,  possess,  when  sufficiently  heated, 
the  faculty  of  emitting  light:  the  same  power  is  exhibited  by  gaseous 
bodies,  but  the  temperature  required  to  render  a  gas  luminous  is  incom- 
parably higher  than  in  the  cases  already  described.  Gas  or  vapor  in  this 
15* 
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condition  constitutes  fiamey  the  actual  temperature  of  which  generally  ex- 
ceeds that  of  the  white  heat  of  solid  bodies. 

The  light  emitted  from  pure  flame  is  often  exceedingly  feeble;  but  the 
illuminating  power  may  be  immensely  increased  by  the  presence  of  solid 
matter.  The  flame  of  hydrogen,  or  of  the  mixed  gases,  is  scarcely  visible 
in  full  daylight;  in  a  dusty  atmosphere,  however,  it  becomes  much  more 
luminous  by  igniting  to  intense  whiteness  the  floating  particles  with  which 
it  comes  in  contact.  The  piece  of  lime  in  the  blow-pipe  flame  cannot  have 
a  higher  temperature  than  that  of  the  flame  itself;  yet  the  light  it  throws 
off  is  infinitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr.  Frank- 
land,  to  produce  very  bright  flames  in  which  no  solid  particles  are  present. 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces  an  intense  white 
flame,  although  both  the  metal  itself  and  the  product  of  its  combustion 
(arsenious  oxide)  are  gaseous  at  the  temperature  of  the  flame.  The  com- 
bustion of  a  mixture  of  nitrogen  dioxide  and  carbon  bisulphide  also  pro- 
duces a  daxiling  white  flame,  without  any  separation  of  solid  matter. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high  tem- 
perature, and  the  presence  of  gases  or  vapors  of  considerable  density.  The 
effect  of  high  temperature  is  seen  in  the  greater  brightness  of  the  flame 
of  sulphur,  phosphorus,  and  indeed  all  substances,  when  burnt  in  pure 
oxygen,  as  compared  with  that  which  results  from  their  combustion  in  com- 
mon air ;  in  the  former  case  the  whole  of  the  substances  present  take  part 
in  the  combustion  and  generate  heat,  whereas  in  the  latter  the  temperature 
is  lowered  by  the  presence  of  a  large  quantity  of  nitrogen,  which  contrib- 
utes nothing  to  the  effect.  The  relation  between  the  luminosity  of  a  flame 
and  the  Yapor-densities  of  its  constituents  may  be  seen  from  the  following 
table,  in  which  the  vapor-densities  are  referred  to  that  of  hydrogen  as  unity. 


Relative  DetuiHet  of  Gate*  and  Vapors, 


Hydrogen 
"Water  . 

Hydrochloric  aoid 
Carbon  dioxide  . 
Sulphur  dioxide 


1 

9 
18* 
22 


Arsenious  chloride 
Phosphoric  oxide 
Metallic  arsenic  . 
Arsenious  oxide 


9| 
71,  or  142 
.     160 
198 


A  comparison  of  these  numbers  shows  that  the  brightest  flames  are  those 
which  contain  the  densest  vapora,  Hydrogen  burning  in  chlorine  produces 
a  vapor  more  than  twice  as  heavy  as  that  resulting  from  its  combustion  in 
oxygen,  and  accordingly  the  light  produced  in  the  former  case  is  stronger 
than  in  the  latter;  carbon  and  sulphur  burning  in  oxygen  produce  vapors 
of  still  greater  density,  namely,  carbon  dioxide  and  sulphur  dioxide,  and 
their  combustion  gives  a  still  brighter  light;  lastly,  phosphorus,  which  has 
a  very  dense  vapor,  and  likewise  yields  a  product  of  great  vapor-density, 
burns  in  oxygen  with  a  brilliancy  which  the  eye  can  scarcely  endure. 
Moreover,  the  luminosity  of  a  fl.ime  is  increased  by  condensing  the  sur- 
rounding gaseous  atmosphere,  and  diminished  by  rarefying  it.  The  flame 
of  arsenic  burning  in.oxypen  may  be  rendered  quite  feeble  by  rarefying 
the  oxygen;  and  on  the  contrary  the  faint  flame  of  an  ordinary  spirit-lamp 
becomes  very  bright  when  placed  under  the  receiver  of  a  condensing  pump. 
Frankland  has  also  found  that  candles  give  much  less  light  when  burning 
on  the  top  of  Mont  Blanc  than  in  the  valley  below,  although  the  rate  of 
combustion  in  the  two  cases  is  nearly  the  same.  The  effect  of  condensa- 
tion in  increasing  the  brightness  of  a  flame  is  also  strikingly  seen  in  the 
combustion  of  a  mixture  of  oxygen  and  hydrogen,  which  gives  but  a  feeble 
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Fig.  122. 
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Fig.VO. 


light  when  burnt  under  the  ordinary  atmospheric  pressure,  as  in  the  oxy- 
kydrogen  blowpipe,  but  a  very  bright  flash  when  exploded  in  the  Cavendish 
radiometer  (p.  144),  in  which  the  water-vapor  produced  by  the  combustion 
is  prevented  from  expanding. 

Flames  burning  in  the  air,  and  not  supplied  with  oxygen  from  another 
source,  are,  as  already  stated,  hollow,  the  chemical  action  being  necessarily 
confined  to  the  spot  where  the  two  bodies  unite.  That  of  a 
lamp  or  candle,  when  carefully  examined,  is  seen  to  consist 
of  three  separate  portions.  The  dark  central  part,  easily 
rendered  evident  by  depressing  upon  the  flame  a  piece  of 
fine  wire-gauze,  consists  of  combustible  matter  drawn  up  by 
the  capillarity  of  the  wick,  and  volatilized  by  the  heat.  This 
is  surrounded  by  a  highly  luminous  cone  or  envelope,  which, 
in  contact  with  a  cold  body,  deposits  soot.  On  the  outside, 
a  second  cone  is  to  be  traced,  feeble  in  its  light-giving  power, 
but  baring  an  exceedingly  high  temperature.  The  most 
probable  explanation  of  these  appearances  is  as  follows: 
Carbon  and  hydrogen  are  very  unequal  in  their  attraction 
for  oxygen,  the  latter  greatly  exceeding  the  former  in  this 
respect:  consequently,  when  both  are  present,  and  the  sup- 
ply of  oxygen  limited,  the  hydrogen  takes  up  the  greater  portion  of  the 
oxygen,  to  the  exclusion  of  a  great  part  of  the  carbon.     Now,  this  happens, 

in  the  ease  under  consideration,  at  some  little  distance  within  the  outer 
surface  of  the  flame  —  namely,  in  the  luminous  portion;  the  little  oxygen 

which  has  penetrated  thus  far  inward  is  mostly  consumed  by  the  hydrogen, 

and  hydro-carbons  are  separated,  rich  in  carbon  and 

of  great  density  in  the  state  of  vapor  (naphthalene, 

chrysenc,  pyrene,  etc.).     These  hydro-carbons,  which 

aoold  form  smoke  if  they  were  cooler,  and  are  depos- 
ited on  a  cold  body  held  in  the  flame  in  the  form  of 

wot.*  become  intensely  ignited  by  the  burning  hydro- 
gen, and  evolve  a  light  whose  whiteness  marks  a  very 

elevated  temperature.     In  the  exterior  and  scarcely 

visible  cone,  these  hydro-carbons  undergo  combustion. 
A  jet  of  coal-gas  exhibits  the  same  phenomena;  but 

if  the  gas  be  previously  mingled  with  air,  or  if  air 

be  forcibly  mixed  with,  or  driven  into  the  flame,  no 

aich  separation  of  carbon  occurs;  the  hydrogen  and 

carbon  burn  together,  forming  vapors  of  much  lower 

density,  and  the  illuminating  power  almost  disappears. 
The  common  mouth  blowpipe  is  a  little  instrument 

of  great  utility;  it  is  merely  a  brass  tube  fitted  with 

an  ivory  mouthpiece,  and  terminated  by  a  jet  having 

»  small  aperture,  by  which  a  current  of  air  is  driven 

across  the  flame  of  a  candle.     The  best  form  is  per- 
haps that  contrived  by  Mr.  Pepys,  and  shown  in  fig. 

123-    The  flame  so  produced  is  very  peculiar. 
Instead  of  the  double  envelope  just  described,  two 

long  pointed  cones  are  observed  (fig.  124),  which, 

when  the  blowpipe  is  good,  and  the  aperture  smooth 

wd  round,  are  very  well  defined,  the  outer  cone  being 

yellowish  and  the  inner  blue.  A  double  combustion  is, 

in  fact,  going  on,  by  the  blast  in  the  inside,  and  by  the 

external  air.     The  space  between  the  inner  and  outer  cones  is  filled  with 

exceedingly  hot  combustible  matter,  possessing  strong  reducing  or  deoxidiz- 

kg  powers;  while  the  highly  heated  air  just  beyond  the  point  of  the  exterior 
*  Soot  is  not  pare  carbon,  but  a  mixture  of  heavy  byclro-carbona. 
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Fig.  124. 


cone  oxidises  with  great  facility.  A  small  portion  of  matter,  supported  on  a 
piece  of  charcoal,  or  fixed  in  a  ring  at  the  end  of  a  fine  platinum  wire,  can  thus 
in  an  instant  be  exposed  to  a  very  high  degree 
of  heat  under  these  contrasted  circumstances, 
and  observations  of  great  value  made  in  a  xerj 
short  time.  The  use  of  the  instrument  requires 
an  even  and  uninterrupted  blast  of  some  dura- 
tion, by  a  method  easily  acquired  with  a  little 
patience :  it  consists  in  employing  for  the  pur- 
pose the  muscles  of  the  cheeks  alone,  respira- 
tion being  conducted  through  the  nostrils,  and 
the  mouth  from  time  to  time  replenished  with 
air,  without  intermission  of  the  blast. 

The  Argand  lamp,  adapted  to  burn  either  oil 
or  spirit,  but  especially  the  latter,  is  a  very  useful  piece  of  chemical  appa- 
ratus. In  this  lamp  the  wick  is  cylindrical,  the  flame  being  supplied  with 
air  both  inside  and  outside:  the  combustion  is  greatly  aided  by  the  chim- 
ney, which  is  made  of  copper  when  the  lamp  is  used  as  a  source  of  heat. 

Fig.  125  exhibits,  in  section,  an  excellent  lamp  of  this  kind  for  burning 
alcohol  or  wood-spirit.  It  is  constructed  of  thin  copper,  and  furnished  with 
ground  caps  to  the  wick-holder  and  aperture,*  by  which  the  spirit  is  intro- 


Fig.  125. 


Fig.  126. 


duced,  in  order  to  prevent  loss  when  the  lamp  is  not  in  use.  Glass  spirit- 
lamps  (fig.  126),  fitted  with  caps  to  prevent  evaporation,  are  very  convenient 
for  occasional  use,  being  always  ready  and  in  order,  f 

In  London,  and  other  large  towns  where  coal-gas  is  to  be  had,  it  is  con- 
stantly used  with  the  greatest  economy  and  advantage  in  every  respect  as 
a  source  of  heat.     Retorts,  flasks,  capsules,  and  other  vessels,  can  be  thus 

Fig.  127.  *  When  in  use,  this  aperture  must  always  be 

open,  otherwise  an  accident  is  sure  to  happen ; 
the  heat  expands  the  air  in  the  lamp,  and  the 
spirit  is  forced  out  in  a  state  of  inflammation. 

f[A  modification  of  the  Argand  lamp  con- 
trived by  the  late  Professor  J.  K.  Mitch  el  is  ad- 
vantageous, from  the  wick-holder  beJng  kept 
constantly  cool  hy  the  current  of  air  always 
passing  between  it  and  the  body  of  the  lamp. 
"  It  is  made  of  tinned  iron.  The  alcohol  is  pounnl 
out  by  means  of  the  hollow  handle,  and  is  ad- 
mitted to  the  cylindrical  burner  by  two  or  three 
tubes  which  are  placed  at  the  very  bottom  of  the 
fountain.  By  such  an  arrangement  of  parts,  the 
alcohol  may  be  Added  as  it  is  consumed,  and  the 
flume  kept  uniform ;  and  as  the  pipes  which  pass 
to  the  burner  are  so  remote  from  the  flame, 

the  alcohol  never  becomes  heated  so  as  to  fly  off  through  the  vent-hole,  and  thus  to  cause 

greater  waste  and  danger  of  explosion."  R.  B.] 
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Fig.  128. 


Fig.  129. 


exposed  to  an  easily  regulated  and  invariable  temperature  for  many  succes- 
sive hoars.     Small  platinum  crucibles  may  be  ignited  to  redness  by  placing 

them  over  the  flame  on  a  little  wire  triangle.     The  arrangement  Bhown  in 

fi;.  127,   consisting  of  a  common  Argand  gas-burner 

fixed  on  a  heavy  and  low  foot,  and  connected  with  a 

flexible  tube  of  caoutchouc  or  other  material,  is  very 

coQTenienL 
A  higher  temperature,  and  perfectly  smokeless  flame, 

is,  however,  obtained  by  burning  the  gas  previously 

mixed  with  air.     Such  a  flame  is  easily  produced  by 

placing  a  cap  of  wire-gauze  on  the  chimney  of  the  Ar- 
gand burner  just  described,  and  setting  fire  to  the  gas 

above  the  wire-gauze.     The  flame  does  not  penetrate 

below,  but  the  gas  in  passing  up  the  chimney  becomes 

mixed  with  air,  and  this  mixture  burns  above  the  cap 

with  a  blue,  smokeless  flame. 
Another  kind  of  burner  for  producing  a  smokeless 

flame  has  been  contrived  by  Professor  Bunsen,  and  is 

bow  very  generally  used  in  chemical  laboratories.     In 

this  burner  (fig.  129)  the  gas,  supplied  by  a  flexible  tube,  t,  passes  through 

a  set  of  small  holes  into  the  box  at  a,  in  which  it  mixes  with  atmospheric 

air  entering  freely  by  a  number  of  holes  near  the 

top  of  the  box.     The  gaseous  mixture  passes  up  the 

tube  b,  and  is  inflamed  at  the  top,  where  it  burns 

with  a  tall,  blue,  smokeless  flame,  giving  very  little 

light,  bat  much  heat.  By  arranging  two  or  more 
such  tubes,  together  with  an  air-box  containing  a 
sufficient  number  of  holes,  a  very  powerful  burner 
may  be  constructed. 

Considerable  improvements  in  this  form  of  burner 
hare  been  made  by  Mr.  Griffin,  who  has  also  con- 
structed, on  the  same  principle,  powerful  gas-fur- 
naces, affording  heat  sufficient  for  the  decomposition 
of  silicates,  and  the  fusion  of  considerable  quantities  of  copper  or  iron.* 
The  principle  of  burning  a  mixture  of  gas  and  air  is  also  applied  in  Hof- 
mann's  gas-furnace  for  organic  analysis,  which  will  be  described  under  Or- 
ganic Chemistry. 

The  kindling-point,  or  temperature  at  which  combustion  commences,  is 
yery  different  with  different  substances:  phosphorus  will  sometimes  take  fire 
in  the  hand ;  sulphur  requires  a  temperature  exceeding  that  of  boiling 
vater;  charcoal  must  be  heated  to  redness.  Among  gaseous  bodies  the 
lame  fact  is  observed :  hydrogen  is  inflamed  by  a  red-hot  wire ;  light 
earbooetted  hydrogen  requires  a  white  heat  to  effect  the  same  thing.  When 
flame  is  cooled  by  any  means  below  the  temperature  at  which  the  rapid 
oxidation  of  the  combustible  gas  occurs,  it  is  at  once  extinguished.  Upon 
this  depends  the  principle  of  Sir  H.  Davy's  invaluable  safety-lamp. 

Mention  has  already  been  made  of  the  frequent  disengagement  of  great 
quantities  of  light  carbonetted  hydrogen  gas  in  coal-mines.  This  gas, 
mixed  with  seven  or  eight  times  its  volume  of  atmospheric  air,  becomes 
Highly  explosive,  taking  fire  at  a  light  and  burning  with  a  pale-blue  flame ; 
and  many  fearful  accidents  have  occurred  from  the  ignition  of  large  quan- 
tities of  mixed  gas  and  air  occupying  the  extensive  galleries  and  workings 
of  a  mine.  Sir  H.  Davy  undertook  an  investigation  with  a  view  to  discover 
some  remedy  for  this  constantly  occurring  calamity :  his  labors  resulted  in 
»">e  exceedingly  important  discoveries  respecting  flame,  which  led  to  the 
construction  of  the  lamp  which  bears  his  name. 

*  8m  the  article  on  Gas-burners  and  Furnaces  in  Wattes  "Dictionary  of  Chemistry,"  ii.  782. 
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When  two  Teasels  filled  with  a  gaseous  explosive  mixture  are  connected 
by  a  narrow  tube,  and  the  contents  of  one  fired  by  the  electric  spark,  or 
otherwise,  the  flame  is  not  communicated  to  the  other,  provided  the  diameter 
of  the  tube,  its  length,  and  the  conducting  power  for  heat  of  its  material, 
bear  a  certain  proportion  to  each  other ;  the  flame  is  extinguished  by  cool- 
ing, and  its  transmission  rendered  impossible. 

In  this  experiment,  high  conducting  power  and  diminished  diameter 
compensate  for  diminution  in  length ;  and  to  such  an  extent  can  this  be 
carried,  that  metallic  gause,  which  may  be  looked  upon  as  a  series  of  very 
short  square  tubes  arranged  ride  by  side,  when  of  sufficient  degree  of  fine- 
ness, arrests  in  the  most  complete  manner  the  passage  of  flame  in  explosive 
mixtures  depending  upon  the  inflammability  of  the  gas.  Now  the  fire-damp 
mixture  has  an  exceedingly  high  kindling-point;  a  red  heat  does  not  cause 
inflammation ;  consequently,  the  gause  will  be  safe  for  this  substance,  when 
flame  would  pass  in  almost  any  other  case. 

The  miner's  safety  lamp  is  merely  an  ordinary  oil-lamp,  the  flame  of 
which  is  enclosed  in  a  cage  of  wire-gauze,  made  double  at  the  upper  part, 


Fig.  190. 
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containing  about  400  apertures  to  the  square  inch.  The  tube  for  supplying 
oil  to  the  reservoir  reaches  nearly  to  the  bottom  of  the  latter,  while  the 
wick  admits  of  being  trimmed  by  a  bent  wire  passing  with  friction  through 
a  small  tube  in  the  body  of  the  lamp ;  the  flame  can  thus  be  kept  burning  for 
any  length  of  time,  without  the  necessity  of  unscrewing  the  cage.  When  this 
lamp  is  taken  into  an  explosive  atmosphere,  although  the  fire-damp  may  burn 
within  the  cage  with  such  energy  as  sometimes  to  heat  the  metallic  tissue 
to  dull  redness,  the  flame  is  not  communicated  to  the  mixture  on  the  outside. 
These  effects  may  be  conveniently  studied  by  suspending  the  lamp  in  a 
large  glass  jar,  and  gradually  admitting  coal-gas  below.  The  oil-flame  is 
at  first  elongated,  and  then,  as  the  proportion  of  gas  increases,  extin- 
guished, while  the  interior  of  the  gauze  cylinder  becomes  filled  with  the 
burning  mixture  of  gas  and  air.  As  the  atmosphere  becomes  purer,  the 
wick  is  once  more  relighted.     These  appearances  are  so  remarkable  that 
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£k  lanp  becomes  an  admirable  indicator  of  the  state  of  the  air  in  different 
parti  of  the  mine.* 

The  same  great  principle  has  been  ingeniously  applied  by  Mr.  Hemming 
to  the  construction  of  the  oxy-hydrogen  safety -jet  before  mentioned.  This 
is  a  tube  of  brass  about  four  inches  long,  filled  with  straight  pieces  of  fine 
brass  wire,  the  whole  being  tightly  wedged  together  by  a  pointed  rod,  for- 
cibly  driven  into  the  centre  of  the  bundle,  (fig.  181.)  The  arrangement  thus 
presents  a  series  of  metallic  tubes,  very  long  in  proportion  to  their  diam- 
eter, the  cooling  powers  of  which  are  so  great  as  to  prevent  the  possibility 
of  the  passage  of  flame,  even  with  oxygen  and  hydrogen.  The  jet  may  be 
used,  as  before  mentioned,  with  a  common  bladder,  without  a  chance  of 
explosion.  The  fundamental  fact  of  flame  being  extinguished  by  contact 
with  t  cold  body,  may  be  elegantly  shown  by  twisting  a  copper  wire  into  a 
short  spiral,  about  0*1  inch  in  diameter,  and  then  passing  it  cold  over  the 
flame  of  a  wax  candle ;  the  latter  is  extinguished.  If  the  spiral  be  now 
heated  to  redness  by  a  spirit-lamp,  and  the  experiment  repeated,  no  such 
effect  follows. 
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This  substance  is  a  member  of  a  very  important  natural  group,  containing 
also  iodine,  bromine,  and  fluorine.  So  great  a  degree  of  resemblance  exists 
between  these  bodies  in  all  their  chemical  relations,  especially  between 
chlorine,  bromine,  and  iodine,  that  the  history  of  one  will  almost  serve, 
with  s  few  little  alterations,  for  that  of  the  rest. 

Chlorine f  is  a  rery  abundant  substance:  in  common  salt  it  exists  in  com- 
bination with  sodium.  It  is  most  easily  prepared  by  pouring  strong  hy- 
drochloric acid  upon  finely  powdered  black  oxide  of  manganese  oontained 
in  a  retort  or  flask,  and  applying  a  gentle  heat ;  a  heavy  yellow  gas  is  dis- 
engaged, which  is  the  substance  in  question. 

It  may  be  collected  over  warm  water,  or  by  displacement :  the  mercurial 
trough  cannot  be  employed,  as  the  chlorine  rapidly  acts  upon  the  metal,  and 
becomes  absorbed. 

The  reaction  is  -very  easily  explained.  Hydrochloric  acid  is  a  compound 
of  chlorine  and  hydrogen:  when  this  is  mixed  with  a  metallic  monoxide, 
doable  interchange  of  elements  takes  place,  water  and  chloride  of  the  metal 
being  produced.  But  when  some  of  the  dioxides  are  substituted,  an  addi- 
tional effect  ensues  —  namely,  the  decomposition  of  a  second  portion  of 
hydrochloric  acid  by  the  oxygen  in  excess,  the  hydrogen  of  which  is  with- 
drawn and  the  chlorine  set  free. 

Hydrochloric  J  Chlorine Chlorine. 

acid 


Manganese 
dioxide. 


Hydrogen  -     Water. 

' Oxygen 
Manganese  - 
k  Oxygen 
Hydrochloric  f  Chlorine 
aeid         \ Hydrogen 


•late  k  the  true  nse  of  the  lamp— namely,  to  permit  the  viewer  or  superintendent,  with- 
««n»k  to  himself,  to  examine  the  state  of  the  air  in  every  part  of  the  mine;  not  to  enable 
trttaien  to  continue  their  labors  in  an  atmosphere  habitually  explosive,  which  must  be  unfit 
w  MBjap  respiration,  although  the  evil  effects  may  be  slow  to  appear.  Owners  of  coal-mines 
*"»<i  be  compelled  cither  to  adopt  efficient  means  of  ventilation,  or  to  close  workings  of  this 
•agwnos  character  altogether. 

trresi  %*•*•«,  yellowish-green,  the  name  given  to  it  by  Sir  H.  Davy. 

I      MiK*       -f-        4HC1        =        CI,       +        MnCl,        +        20H, 
Manganese       Hydrochloric     Chlorine.        Manganese  Water. 

*bMb.  acid,  * 
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Fig.  132. 


Chlorine  was  discovered  by  Scheele  in  1774,  but  its  nature  was  long  mis- 
understood. It  is  a  yellow  gaseous  body,  of  intolerably  suffocating  proper- 
ties, producing  very  violent  cough  and  irritation  when  inhaled  even  in  ex- 
ceedingly small  quantity.  It  is  soluble  to  a  considerable  extent  in  water, 
that  liquid  absorbing  at  15*6°  (60°  F.),  about  twice  its 
volume,  and  acquiring  the  color  and  odor  of  the  gas. 
When  this  solution  is  exposed  to  light,  it  is  slowly 
changed,  by  decomposition  of  water,  into  hydrochloric 
acid,  the  oxygen  being  at  the  same  time  liberated. 
When  moist  chlorine  gas  is  exposed  to  a  cold  of  0°, 
yellow  crystals  are  formed,  which  consist  of  a  definite 
compound  of  chlorine  and  water,  containing  36*6  parts 
of  the  former  to  90  of  the  latter. 

Chlorine  has  a  specific  gravity  of  2*47;  a  litre  of  it 
weighs  8*17344  grams;  exposed  to  a  pressure  of  about 
four  atmospheres,  it  condenses  to  a  yellow  limpid  liquid. 
Chlorine  has  but  little  attraction  for  oxygen,  its  chem- 
ical energies  being  principally  exerted  towards  hydro- 
gen and  the  metals.  A  lighted  taper  plunged  into  the 
gas,  continues  to  burn  with  a  dull-red  light,  and  emits 
a  large  quantity  of  smoke,  the  hydrogen  of  the  wax 
being  alone  consumed,  and  the  carbon  separated.  If  a 
piece  of  paper  be  wetted  with  oil  of  turpentine,  and 
thrust  into  a  bottle  filled  with  ohlorine,  the  chemical 
action  of  the  latter  upon  the  hydrogen  is  bo  violent  as 
to  cause  inflammation,  accompanied  by  a  copious  deposit 
of  soot.  Although  chlorine  can,  by  indirect  means,  be 
made  to  combine  with  carbon,  yet  this  never  occurs 
under  the  circumstances  described. 
Phosphorus  takes  fire  spontaneously  in  chlorine,  burning  with  a  pale  and 
feebly  luminous  flame.  Several  of  the  metals,  as  copper  leaf,  powdered 
antimony,  and  arsenic,  undergo  combustion  in  the  same  manner.  A  mix- 
ture of  equal  measures  of  chlorine  and  hydrogen  explodes  with  violence  on 
the  passage  of  an  electric  spark,  or  on  the  application  of  alighted  taper, 
hydrochloric  acid  gas  being  formed.  Such  a  mixture  may  be  retained  in 
the  dark  for  any  length  of  time  without  change :  exposed  to  diffuse  day- 
light, the  two  gases  slowly  unite,  while  the  direct  rays  of  the  sun  induce 
instantaneous  explosion. 

The  most  characteristic  property  of  chlorine  is  its  bleaching  power;  the 
most  stable  organic  coloring  principles  are  instantly  decomposed  and  de- 
stroyed by  this  remarkable  agent:  indigo,  for  example,  which  resists  the 
action  of  strong  oil  of  vitriol,  is  converted  by  chlorine  into  a  brownish  sub- 
stance, to  which  the  blue  color  cannot  be  restored.  The  presence  of  water 
is  essential  to  these  changes,  for  the  gas  in  a  state  of  perfect  dryness  is 
incapable  even  of  affecting  litmus. 

Chlorine  is  largely  used  in  the  arts  for  bleaching  linen  and  cotton  goods, 
rags  f»r  the  manufacture  of  paper,  &c.  For  these  purposes,  it  is  employed, 
sometimes  in  the  state  of  gas,  sometimes  in  that  of  solution  in  water,  but 
more  frequently  in  combination  with  lime,  forming  the  substance  called 
bleaching-powder.  When  required  in  large  quantities,  it  is  often  made  by 
pouring  slightly  diluted  oil  of  vitriol  upon  a  mixture  of  common  salt  and 
manganese  oxide  contained  in  a  large  leaden  vessel.  The  decomposition 
which  ensues  may  be  thus  represented: 
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Sodium  f  Chlorine Chlorine. 

ehloride       (  Sodium  ■ 

gmlph.  oxide —^^^^^       Sodium  sulphate. 

Manganese      f  0*7&* 
dioxide.       1  Managnese   ^^^ 

I      monoxide  ^^^^^  (Manganese 


Salph.  oxide. t^»  (     sulphate.* 

Chlorine  is  one  of  the  best  and  most  potent  substances  that  can  be  used 
for  the  purpose  of  disinfection,  but  its  employment  requires  care.  Bleach- 
ing-powder  mixed  with  water,  and  exposed  to  the  air  in  shallow  Teasels, 
becomes  slowly  decomposed  by  the  carbonic  acid  of  the  atmosphere,  and  the 
chlorine  is  evolved :  if  a  more  rapid  disengagement  be  wished,  a  little  acid 
of  any  kind  may  be  added.  In  the  absence  of  bleaching-powder,  either  of 
tie  methods  for  the  production  of  the  gas  described  may  be  had  recourse 
to,  always  taking  care  to  avoid  an  excess  of  acid. 

Htdbogzs  Chxoridk  ;  Hydrochloric,  Chlorhydric,  or  Muriatic  Acid. — 
This  substance,  in  a  state  of  solution  in  water,  has  been  long  known.  The 
gas  is  prepared  with  the  utmost  ease  by  heating  in  a  flask  fitted  with  a 
cork  and  bent  tube,  a  mixture  of  common  salt  and  oil  of  vitriol  diluted  with 
s  small  quantity  of  water ;  it  must  be  collected  by  displacement,  or  over 
mercury.  It  is  a  colorless  gas,  which  fumes  strongly  in  the  air  from  con- 
densing the  atmospheric  moisture ;  it  has  an  acid,  suffocating  odor,  but  is 
mack  less  offensive  than  chlorine.  Exposed  to  a  pressure  of  40  atmospheres, 
it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1*269  compared  with  air,  or  18*25 
compared  with  hydrogen  as  unity.  It  is  exceedingly  soluble  in  water,  that 
liquid  taking  up  at  the  temperature  of  the  air  about  418  times  its  bulk. 
The  gas  and  solution  are  powerfully  acid. 

The  action  of  oil  of  vitriol  on  common  salt,  or  any  analogous  substance, 
is  thus  easily  explained :  f 

Bichloride    {{"-J-   ^ ^^    W™£™* 

{Hydrogen 
Oxygen  

Sulphur    m*    Sodium  sulphate. 

The  composition  of  this  substance  may  be  determined  by  synthesis :  when 
ft  measure  of  chlorine  and  a  measure  of  hydrogen  are  fired  by  the  electric 
spark,  two  measures  of  hydrochloric  acid  gas  result,  the  combination  being 
unattended  by  change  of  volume.  By  weight  it  contains  86*5  parts  of 
chlorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce,  is  a  very  im- 
portant preparation,  and  of  extensive  use  in  chemical  pursuits :  it  is  best 
prepared  by  the  following  arrangement :  — 

A  large  glass  flask,  containing  a  quantity  of  common  salt,  is  fitted  with  a 
cork  and  bent  tube,  in  the  manner  represented  in  fig.  182:  this  tube  passes 
through  and  below  a  second  short  tube  into  a  wide-necked  bottle,  containing 
ft  little  water,  into  which  the  open  tube  dips.  A  bent  tube  is  adapted  to 
ft&other  hole  in  the  cork  of  the  wash-bottle,  so  as  to  convey  the  purified  gas 

•     W*C!  +     MnO,     +     2804Ht     =     CI,  +   SChNa,  +  SO«Mn     +     20H, 

Satan  Manganese       Hydrogen      Chlorine.       Sodium    Manganous       Water, 

chloride.  dioxide.          sulphate.  sulphate,     sulphate, 

f     »eCl  +        B04H,        =       2HC1        +  SO.Na, 

Sodium  Hydrogen           Hydrogen  Sodium 

chloride.  sulphate.            chloride.  splphate, 
16 
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into  a  quantity  of  distilled  water,  by  which  it  i8  instantly  absorbed-  tbe 
joints  are  made  air-tight  by  melting  a  little  yellow  wax  over  the  corks 

«-#  qiUan!.1Y  0f°l,Jof  vit,rio1:  about  e<»lial  in  wei«ht  t0  the  ••It,  is  then  slowlv 
produced  by  the  funnel;  the  disengaged  gas  is*at  first  wholly  abwrbid  hi 
the  water  m  the  wash-bottle,  but  when  this  becomes  saturated,  it  passes 
^  JVeCOnd  ve88el  and  there  d»«»o^es.  When  all  the  acid  has  Wen 
added  heat  may  be  applied  to  the  flask  by  a  charcoal  chauffer,  until  its 
contents  appear  nearly  dry,  and  the  evolution  of  gas  almost  ceases,  when  the 
process  may  be  stopped.  As  much  heat  is  given  out  during  the  condensa- 
tion of  the  gas,  it  is  necessary  to  surround  the  condensing  Teasel  with  cold 

Fig.  133. 


The  simple  wash-bottle,  shown  in  the  last  figure,  will  be  found  an  ex- 
ceedingly useful  contrivance  in  a  great  number  of  chemical  operations.  It 
serves  in  the  present,  and  in  many  similar  cases,  to  retain  any  liquid  or 
solid  matter  mechanically  carried  over  with  the  gas,  and  it  may  be  always 
employed  when  a  gas  of  any  kind  is  to  be  passed  through  an  alkaline  or 
other  solution.  The  open  tube  dipping  into  the  liquid  prevents  the  pos- 
sibility of  absorption,  by  which  a  partial  vacuum  would  be  occasioned,  and 
the  liquid  of  the  second  vessel  lost  by  being  driven  into  the  first. 

The  arrangement  by  which  the  acid  is  introduced  also  deserves  a  moment's 
notice.  The  tube  is  bent  twice  upon  itself,  and  a  bulb  blown  in  one  portion : 
the  liquid  poured  into  the  funnel  rises  upon  the  opposite  side  of  the  first 
bend  until  it  reaches  the  second ;  it  then  flows  over  and  runs  into  the  flask. 
Any  quantity  can  then  be  got  into  the  latter  without  the  introduction  of  air, 
and  without  the  escape  of  gas  from  the  interior.  The  funnel  acts  also  as 
a  kind  of  safety-valve,  andjn^g^^frtctions ;  for  if  by  any  chance  the 
delivery-tube  should  "       ~- ^^^-^s^^^^  |iBtt0  0f  gaB  pPeVented,  its  in- 
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creased  elastic  force  soon  drives  the  little  column  of  liquid  out  of  the  tube, 
the  gms  escapes,  and  the  Teasel  is  saved.     On  the  other  hand,  any  absorp- 
tion within  is  quickly  compensated  by  the  entrance  of  air  through 
the  liquid  in  the  bulb.  **.  M*. 

The  plan  employed  on  the  large  scale  by  the  manufacturer  is  the    W 
same  in  principle  as  that  described;  he  merely  substitutes  a  large     ^ 
iron  cylinder,  or  apparatus  made  of  lead,  for  the  flask,  and  vessels 
of  stoneware  for  those  of  glass. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid 
is  produced  boiling  at  110°  (280°  F.)  which  contains  20-22  per  cent, 
of  anhydrous  hydrochloric  acid:  a  more  concentrated  solution 
when  heated  gives  off  hydrochloric 'aeid  gas;  a  weaker  solution 
loses  water.  Roscoe  and  Dittmar  have  proved  that  the  composition 
of  the  distillate  varies  with  the  atmospheric  pressure ;  it  cannot, 
therefore,  be  viewed  as  a  chemical  compound. 

Pure  solution  of  hydrochloric  acid  is  transparent  and  colorless : 
when  strong,  it  fumes  in  the  air  by  evolving  a  little  gas.  It  leaves 
no  residue  on  evaporation,  and  gives  no  precipitate  or  opacity  with 
diluted  solution  of  barium  chloride.  When  saturated  with  the  gas, 
it  has  a  specific  gravity  of  1*21,  and  contains  about  42  per  cent,  of 
real  acid.  The  commercial  acid,  which  is  obtained  in  immense 
quantity  as  a  secondary  product  in  the  manufacture  of  sodium  sulphate  by 
the  action  of  sulphuric  acid  upon  common  salt,  has  usually  a  yellow  color, 
and  is  very  impure,  containing  salts,  sulphuric  acid,  chloride  of  iron,  and 
organic  matter.  It  may  be  rendered  sufficiently  pure  for  most  purposes  by 
diluting  it  to  the  density  of  1*1,  which  happens  when  the  strong  acid  is 
mixed  with  its  own  bulk  or  rather  less  of  water,  and  then  distilling  it  in 
a  retort  furnished  with  a  Liebig's  condenser. 

A  mixture  of  nitric  and  hydrochloric  acids  has  long  been  known  under 
the  name  of  aqua  rcgia,  from  its  property  of  dissolving  gold.  When  these 
two  substances  are  heated  together,  they  both  undergo  decomposition,  nitro- 
gen tetroxide  and  chlorine  being  evolved.  This,  at  least,  appears  to  be  the 
final  result  of  the  action:  at  a  certain  stage,  however,  two  peculiar  sub- 
stances, consisting  of  nitrogen,  oxygen,  and  chlorine  (chloronitrio  acid  gas* 
and  chloronitrous  gas  f),  appear  to  be  formed.  It  is  only  the  chlorine  which 
attacks  the  metal. 

The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride,  is  easily 
detected  by  solution  of  silver  nitrate.  A  white  curdy  precipitate  is  pro- 
duced, insoluble  in  nitric  acid,  freely  soluble  in  ammonia,  and  subject  to 
blacken  by  exposure  to  light. 

Oxide*  and  Oxacids  of  Chlorine. 

There  are  four  oxacids  of  chlorine,  which  may  be  regarded  as  oxides  of 
hydrochloric  acid ;  thus : 

Composition  by  weighty 

Chlorii 

Hydrochloric  acid 
Hypochlorous  acid    . 
Chlorous  acid 

Chloric  acid      .... 
Perchloric  acid 


Chlorine,       Hydrogen.      Oxygen. 

36-6     + 

1 

35-5     + 

1      +      16 

35*5     + 

1      +      32 

86-5     + 

1      +      48 

86*5    + 

1      +      64 

*  NOOI*  t  NOCL 

%  Hypochlorona  acid  ....  C1HO 

Chlorotu  acid CI  HO, 

Chloric  acid      .....  CUIOg 

Perchloric  add CIHO* 
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The  anhydrous  chlorine  oxides  corresponding  to  hypochloroos  and  chlorous 
acids  are  known,  namely :  *  — 

Chlorine.        Chlorine.       Oxygen- 
Chlorine  monoxide,  or  Hypochloroos  oxide  .     .     85-5    -f-     85*5    -f-     16 
Chlorine  trioiide,  or  Chlorous  oxide     ....  85*6    -|-    85*5    -f    *8 

Also  an  oxide  to  which  there  is  no  corresponding  acid,  namely :  — 

Chlorine.  Oxygen. 

Chlorine  tetroxide        .        .        .  2  x  85*6    -+-    64 

The  oxides  corresponding  to  chloric  and  perchloric  acid  have  not  been  ob- 
tained. 

Hypochlorous  and  chloric  acids  are  produced  by  the  action  of  chlorine  on 
certain  metallic  oxides  in  presence  of  water ;  hypochlorous  and  chlorous 
acids  also  by  direct  oxidation  of  hydrochloric  acid.  Perchloric  acid  and 
chlorine  tetroxide  result  from  the  decomposition  of  chloric  acid. 

Hypochlorous  Oxidb,  Acid,  ahd  Salts.  —  The  oxide  is  best  prepared  by 
the  action  of  chlorine  gas  upon  dry  mercuric  oxide.  This  oxide,  prepared 
by  precipitation,  and  dried  by  exposure  to  a  strong  heat,  is  introduced  into 
a  glass  tube  kept  cool  and  well  washed,  dry  chlorine  gas  is  slowly  passed 
over  it.  Mercuric  chloride  and  hypochlorous  oxide  are  thereby  formed ; 
the  latter  is  collected  by  displacement.  The  reaction  by  which  it  is  pro- 
duced may  be  thus  illustrated : 

Chlorine  ^^^  Hypochloroos  oxide. 

Mercuric  f  Mercury  ^.^ " 

oxide  \  Oxygen   -^*^=* — ^.^^ 
Chlorine  ^^"  Mercuric  chloride,  f 

The  mercuric  chloride,  however,  does  not  remain  as  such ;  it  combines 
with  another  portion  of  the  oxide  when  the  latter  is  in  excess,  forming  a 
peculiar  brown  compound,  an  oxychloride  of  mercury.  It  is  remarkable 
that  the  crystalline  mercuric  oxide  prepared  by  calcining  the  nitrate,  or  by 
the  direct  oxidation  of  the  metal,  is  scarcely  acted  upon  by  chlorine  under 
the  circumstances  described. 

Ilypochlorou*  oxide  is  a  pale-yellow  gaseous  body,  containing,  in  every 
two  measures,  two  measures  of  chlorine  and  one  of  oxygen,  and  is  there- 
fore analogous  in  constitution  to  water.  It  explodes,  although  with  no 
great  violence,  by  slight  elevation  of  temperature.  Its  odor  is  peculiar, 
and  quite  different  from  that  of  chlorine.  When  the  flask  or  bottle  in 
which  the  gas  is  received  is  exposed  to  artificial  cold  by  the  aid  of  a  mix- 
ture of  ice  and  salt,  the  hypochlorous  oxide  condenses  to  a  deep-red  liqoid, 
slowly  soluble  in  water,  and  very  subject  to  explosion. J 

Hypochlorou*  acid  is  produced  by  the  solution  of  hypochlorous  oxide  in 
water ;  also  by  passing  air  saturated  with  hydrochloric  acid  gas  through  a 
solution  of  potassium  permanganate  acidulated  with  hydrochloric  acid  and 
heated  in  a  water  bath :  the  distillate  is  a  solution  of  hypochlorous  acid, 
formed  by  oxidation  of  the  hydrochloric  acid ;  thirdly,  by  decomposing  a 
metallic  hypochlorite  with  sulphuric  acid  or  other  oxacid;  fourthly,  by 
passing  chlorine  gas  into  water  holding  in  suspension  a  solution  containing 
metallic  oxides,  hydrates,  carbonates,  sulphates,  phosphates,  &c.,  the  most 

•  Chlorine  monoxide  or  Hypochloroue  oxide        ....       CljO 

Chlorine  trioxide  or  Chlorous  oxide CljOfc 

Chlorine  tetroxide GLjQe* 

f  2HgO  +  CL       =       HffClsHgO  +  CU> 

Mercuric  Chlorine.  Mercuric  Hypochloroni 

oxide.  oxychloride.  oxide. 

%  Pelouxe  Ann.  Ohim.  Phya  p],  vii,  "^ 
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advantageous  for  the  purpose  being  mercuric  oxide,  or  calcium  carbonate 
(chalk)  * 

The  aqueous  solution  of  bypochlorous  acid  has  a  yellowish  color,  an  acid 
taste,  and  a  characteristic  sweetish  smell.  The  strong  acid  decomposes 
rapidly  even  when  kept  in  ice.  The  dilute  acid  is  more  stable,  but  is  de- 
composed by  long  boiling  into  chloric  acid,  water,  chlorine,  and  oxygen. 
Hydrochloric  acid  decomposes  it,  with  formation  of  chlorine. f  It  is  a 
Tery  powerful  bleaching  and  oxidizing  agent,  converting  many  of  the  ele- 
ments— iodine,  selenium,  and  arsenic,  for  example  —  into  their  highest 
oxides,  and  at  the  same  time  liberating  chlorine. 

Metallic  hypochlorites  may  be  obtained  in  the  pure  state  by  neutralizing 
Bypochlorous  acid  with  metallic  hydrates,  such  as  those  of  sodium,  cal- 
cium, copper,  Ac. ;  but  they  are  usually  prepared  by  passing  chlorine  gas 
into  solutions  of  alkalies  or  alkaline  carbonates,  or  oyer  the  dry  hydrates 
of  the  earth-metals — dry  slaked  lime,  for  example.  In  this  process  a 
metallic  chloride  is  formed  at  the  same  time.  J  The  salts  thus  obtained 
constitute  the  bleaching' and  disinfecting  salts  of  commerce.  They  will  be 
more  fully  described  under  the  head  of  calcium  salts. 

Chlorous  Oxide,  Acid,  and  Salts.  —  The  oxide  is  prepared  by  heating 
in  a  flask  filled  to  the  neck,  a  mixture  of  4  parts  of  potassium  chlorate 
and  S  parts  of  arsenious  acid,  or  oxide,  with  12  parts  of  nitric  acid  pre- 
viously diluted  with  4  parts  of  water.  During  the  operation,  which  must 
be  performed  in  a  water-bath,  a  greenish-yellow  gas  is  evolved,  which  is 
permanent  in  a  freezing  mixture  of  ice  and  salt,  but  liquefiable  by  extreme 
cold.  It  dissolves  freely  in  water  and  in  alkaline  solutions,  forming 
chlorous  acid  and  metallic  chlorites.  The  reaction  by  which  chlorous 
oxide  is  formed  is  somewhat  complicated.  The  arsenious  acid  deprives 
the  nitric  acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid,  which  is 
then  reoxidized  at  the  expense  of  the  chloric  acid,  reducing  it  to  chlorous 
oxide.} 

Chlorous  Acid  may  be  prepared  by  condensing  chlorous  oxide  in  water, 
or  by  decomposing  a  metallic  chlorite  with  dilute  sulphuric  or  phosphoric 
acid.  Its  concentrated  solution  is  a  greenish-yellow  liquid  having  strong 
bleaching  and  oxidizing  properties.  It  does  not  decompose  carbonates, 
bat  acts  strongly  with  caustic  alkalies  and  earths  to  form  chlorites. 

Chlorine  Trtroxids.  —  When  potassium  chlorate  is  made  into  a  paste 
with  concentrated  sulphuric  acid,  and  cooled,  and  this  paste  is  very  cau- 
tiously heated  by  warm  water  in  a  small  glass  retort,  a  deep-yellow  gas  is 
evolved,  which  is  the  body  in  question ;  it  can  be  collected  only  by  dis- 
placement, since  mercury  decomposes  and  water  absorbs  it. 

Chlorine  tetroxide  has  a  powerful  odor,  quite  different  from  that  of  the 
preceding  compounds,  and  of  chlorine  itself.  It  is  exceedingly  explosive, 
being  resolved  with  violence  into  its  elements  by  a  temperature  short  of 
the  boiling-point  of  water.  Its  preparation  is,  therefore,  always  attended 
with  danger,  and  should  be  performed  only  on  a  small  scale.  It  is  com- 
posed by  measure  of  one  volume  of  chlorine  and  two  volumes  of  oxygen, 

•   (X\Ca      +       OH,       +       CU       =       CO,       +       CaCl,       +       2C1H0 

Calcium  Water.  Chlorine.         Carbon  Calcium         Hypochlorous 

carbonate.  dioxide.  chloride.  acid. 

fCIHO    +   C1H         =      0,H    =    CI* 
JCaH/k,       +        CL        =        OaCljO,        +        CaCI,        +        OH, 

Calcium  Chlorine.  Calcium  Calcium  Water. 

hydiate.  hypochlorite.  chloride. 

I    2CIO3H        +        2NO,H        =         2N08H       +        OH,      +  C1,0* 

Chloric  acid.        Nitron*  acid.  Nitric  acid.  Water.         Chlorous  oxide. 

16* 
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condensed  into  two  volumes.*  It  may  be  liquefied  by  cold.  The  solution, 
of  tbe  gas  in  water  bleaches. 

'The  eucklorine  of  Davy,  prepared  by  gently  heating  potassium  chlorate 
with  dilute  hydrochloric  acid,  is  probably  a  mixture  of  chlorous  acid  and 
free  chlorine. 

The  production  of  chlorine  tetroxide  from  potassium  chlorate  and  sul- 
phuric acid  depends  upon  the  spontaneous  splitting  of  the  chloric  acid  into 
chlorine  tetroxide  and  perchloric  acid,  which  latter  remains  as  a  potas- 
sium salt.f 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with  a 
drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire,  the  chlorine  tetroxide 
disengaged  being  decomposed  by  the  combustible  substance  with  such 
violence  as  to  cause  inflammation.  If  crystals  of  potassium  chlorate  be 
thrown  into  a  glass  of  water,  a  few  small  fragments  of  phosphorus  added, 
and  then  oil  of  vitriol  poured  down  a  narrow  funnel  reaching  to  the  bot- 
tom of  the  glass,  the  phosphorus  will  burn  beneath  the  surface  of  the 
water,  by  the  assistance  of  the  oxygen  of  the  chlorine  tetroxide  disen- 
gaged. The  liquid  at  the  same  time  becomes  yellow,  and  acquires  the 
odor  of  that  gas. 

Chloric  Acid. — This  is  the  most  important  compound  of  the  series.  When 
chlorine  is  passed  to  saturation  into  a  moderately  strong  hot  solution  of 
potassium  hydrate  or  carbonate,  and  the  liquid  concentrated  by  evaporation, 
it  yields,  on  cooling,  fiat  tabular  crystals  of  a  colorless  salt,  consisting  of 
potassium  chlorate.     The  mother-liquor  contains  potassium  chloride.  J 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boiling  the 
salt  with  a  solution  of  hydrofluosilicic  acid,  which  forms  an  almost  insoluble 
potassium  salt,  decanting  the  clear  liquid,  and  digesting  it  with  a  little  silica, 
which  removes  the  excess  of  the  hydrofluosilicic  acid.  Filtration  through 
paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as  to  assume 
a  sirupy  consistence ;  it  is  then  very  easily  decomposed.  It  sometimes  seta 
fire  to  paper,  or  other  dry  organic  matter,  in  consequence  of  the  facility 
with  which  it  is  deoxidized  by  combustible  bodies. 

The  chlorates  are  easily  recognized ;  they  give  no  precipitate  when  in 
solution  with  silver  nitrate ;  they  evolve  pure  oxygen  when  heated,  passing 
thereby  into  chlorides;  and  they  afford,  when  treated  with  sulphuric  acid, 
the  characteristic  explosive  yellow  gas  already  described.  The  dilute' solu- 
tion of  the  acid  has  no  bleaching  power. 

Perchloric  Acid.  —  When  powdered  potassium  chlorate  is  thrown  by 
small  portions  at  a  time  into  hot  nitric  acid,  a  change  takes  place  of  the  same 
description  as  that  which  happens  when  sulphuric  acid  is  used,  but  with  this 
important  difference:  that  the  chlorine  and  oxygen,  instead  of  being  evolved 
in  a  dangerous  state  of  combination,  are  emitted  in  a  state  of  mixture.  The 
result  of  the  reaction  is  a  mixture  of  potassium  nitrate  and  perchlorate, 
which  may  be  readily  separated  by  their  difference  of  solubility. 

Perchloric  acid  is  obtained  by  distilling  potassium  perchlorate  with  sul- 
phuric acid.  Pure  perchloric  acid  is  a  colorless  liquid,  of  1  '782  sp.  gr.  at 
16-6°  (60°  F.),  not  solidifying  at  —35°  (—81°  F.);  it  soon  becomes  colored 

•  Its  formula  is  C1|04- 

t     flClQ,K      +  3S04II,  =       JWljO*  +        2CI04H        +       3S04KS     +      2HjO 

PotaMittm  Hydrogen  Chlorine  Hydrogen              Potassium         Water. 

chlorate.  sulphate.  tetroxide.  perchlorate.            sulphate. 

%     3K(0       +  CI«       =  6KGI        +  CIOfcK 

Potassium  Chlorine.  Potassium  Potassinm 

oxide.  chloride.  chlorate. 
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even  if  kept  in  the  dark,  and  after  a  few  weeks  decomposes  with  explosion. 
The  vapor  of  perchloric  acid  is  transparent  and  colorless :  in  contact  with 
moist  air,  it  produces  dense  white  fumes.  The  acid,  when  cautiously  mixed 
with  a  small  quantity  of  water,  solidifies  to  a  crystalline  mass,  which  is  a 
compound  of  perchloric  acid  with  one  molecule  of  water.*  When  brought 
in  contact  with  carbon,  ether,  or  other  organic  substances,  perchloric  acid 
explodes  with  nearly  as  much  violence  as  chloride  of  nitrogen. 

Compound  of  Chlorine  and  Nitrogen.  — When  sal-ammoniac  or  ammonia 
nitrate  is  dissolved  in  water,  and  a  jar  of  chlorine  inverted  in  the  solution, 
the  gas  is  absorbed,  and  a  deep-yellow  oily  liquid  is  observed  to  collect  upon 
the  surface  of  the  solution,  ultimately  sinking  in  globules  to  the  bottom. 
This  is  nitrogen  chloride,  the  most  dangerously  explosive  substance  known. 
The  following  is  the  safest  method  of  conducting  the  experiment :  — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in  distilled 
water  poured  into  a  clean  basin,  and  a  bottle  of  chlorine,  the  neck  of  which 
is  quite  free  from  grease,  inverted  into  it.  A  shallow  and  heavy  leaden  cup 
is  placed  beneath  the  mouth  of  the  bottle  to  collect  the  product.  When 
enough  has  been  obtained,  the  leaden  vessel  may  be  withdrawn  with  its 
dangerous  contents,  the  chloride  remaining  covered  with  a  stratum  of  water. 
The  operator  should  protect  his  face  with  a  strong  wire-gauze  mask  when 
experimenting  upon  this  substance. 

The  change  may  be  explained  by  the  following  diagram :  — 

Chlorine -—-^  Nitrogen  chloride. 

Chlorine —^-e^^L^  Hydrochloric  acid. 

r   f  Nitrogen  ~~^*\^ 

Sal-ammoniac  \  \  Hydrogen  ^~ 

y  Hydrochloric  acid Hydroohlorio  acid.f 

Nitrogen  chloride  is  very  volatile,  and  its  vapor  is  exceedingly  irritating 
to  the  eyes.  It  has  a  specific  gravity  of  1*653.  It  may  be  distilled  at  71° 
(160°  F.),  although  the  experiment  is  attended  with  great  danger.  Between 
93°  (200°  F.)  and  105°  (221°  P.)  it  explodes  with  the  most  fearful  violence. 
Contact  with  almost  any  combustible  matter,  as  oil  or  fat  of  any  kind,  de- 
termines the  explosion  at  common  temperatures;  a  vessel  of  porcelain,  glass, 
or  even  of  cast-iron,  is  broken  to  pieces,  and  the  leaden  cup  receives  a  deep 
indentation.  This  body  has  usually  been  supposed  to  contain  nitrogen  and 
chlorine  in  the  proportion  of  14  parts  of  the  former  to  106*5  parts  of  the 
latter,  but  recent  experiments  upon  the  corresponding  iodine  compound 
(p.  191)  induce  a  belief  that  it  contains  hydrogen.  J 

Chlobutk  and  Carbon.  —  Several  compounds  of  chlorine  and  carbon  are 
known.)  They  are  obtained  indirectly  by  the  action  of  chlorine  upon 
certain  organic  compounds,  and  will  be  described  under  Organic  Chemistry. 

•  C10«H  +  OH* 

f      NH|CI    +  6C1    =        NCI,        +        4HC1 

Ammonium       Chlorine       Nitrogen        Hydrochloric 
chloride.  trichloride.  acid. 

X  Inatead  of  NCI*  it  may  in  reality  be  NHC1*  or  NHjGL 
i  CyCla,  CiO*  CyCla,  and  CCI4. 
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BBomns. 

Bromine  •  was  discovered  by  Balard  in  1826.  It  is  found  in  sea-water, 
and  is  a  frequent  constituent  of  saline  springs,  chiefly  as  magnesium  bro- 
mide :  a  celebrated  spring  of  the  kind  exists  near  Kreuznach  in  Prussia. 
Bromine  may  be  obtained  pure  by  the  following  process,  which  depends 
upon  the  fact  that  ether,  agitated  with  an  aqueous  solution  of  bromine, 
removes  the  greater  part  of  that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  have  separated  by 
crystallization,  is  exposed  to  a  stream  of  chlorine,  and  then  shaken  up 
with  ether;  the  chlorine  decomposes  the  magnesium  bromide,  and  the 
ether  dissolves  the  bromine  thus  set  free.  On  standing,  the  ethereal  solu- 
tion, having  a  fine  red  color,  separates,  and  may  be  removed  by  a  funnel 
or  pipette.  Caustio  potash  is  then  added  in  excess,  and  heat  applied ; 
potassium  bromide  and  bromate  are  formed.  The  solution  is  evaporated 
to  dryness,  and  the  saline  matter,  after  ignition  to  redness  to  decompose 
the  bromate,  is  heated  in  a  small  retort  with  manganese  dioxide  and  sul- 
phuric acid  diluted  with  a  little  water,  the  neck  of  the  retort  being 
plunged  into  cold  water.  The  bromine  volatilizes  in  the  form  of  a  deep- 
red  vapor,  which  condenses  into  drops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  red  thin' liquid  of  an  exceedingly 
intense  color,  and  rery  volatile;  it  freezes  at  about — 7°  (19°  F.),  and 
boils  at  68°  (143°  F.)  The  density  of  the  liquid  is  2-976,  and  that  of  the 
vapor  6*64  compared  with  air,  and  80  compared  with  hydrogen.  The 
odor  of  bromine  is  very  suffocating  and  offensive,  much  resembling  that 
of  iodine,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more 
freely  in  alcohol,  and  most  abundantly  in  ether.  The  aqueous  solution 
bleaches. 

Hydrogen  Bromide,  or  Hydrobromio  AoiD.f — This  substance  bears 
the  closest  resemblance  to  hydriodic  acid:  it  has  the  same  constitution  by 
volume,  very  nearly  the  same  properties,  and  may  be  prepared  by  means 
exactly  similar,  substituting  the  one  body  for  the  other  (see  page  189). 
The  solution  of  hydrobromio  acid  has  also  the  power  of  dissolving  a  large 
quantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydrobromic  acid 
contains  by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bromic  Acid.  J — Caustio  alkalis  in  presence  of  bromine  undergo  the 
same  change  as  with  chlorine,  a  metallic  bromide  and  bromate  being  pro- 
duced: these  may  often  be  separated  by  the  inferior  solubility  of  the  lat- 
ter. Bromic  acid,  obtained  from  barium  bromate,  closely  resembles  chloric 
acid ;  it  is  easily  decomposed.  The  bromates,  when  heated,  lose  oxygen  and 
become  bromides. 

A  hypobromous  acid  corresponding  to  hypochlorous  acid  is  likewise 
known. 


I0DI2TE. 


This  element  was  first  noticed  in  1812  by  M.  Courtois,  of  Paris.  Minute 
traces  are  found  in  combination  with  sodium  or  potassium  in  sea- water, 
and  occasionally  a  much  larger  proportion  in  that  of  certain  mineral 
springs.     It  seems  to  be  in  some  way  beneficial  to  many  marine  plants,  as 

•  From  0f>5/«*,  a  noisome  ranell :  a  ▼ery  appropriate  term, 
f  HBr.  t  **OaH- 
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these  latter  have  the  power  of  abstracting  it  from  the  surrounding  water, 
tad  accumulating  it  in  their  tissues.  It  is  from  this  source  that  all  the 
iodine  of  commerce  is  derived.  It  has  lately  been  found  in  minute  quan- 
tity ia  some  aluminous  slates  of  Sweden,  and  in  several  varieties  of  coal 
and  turf. 

Kelp,  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the  inhabi- 
tants of  the  Western  Islands  and  the  northern  shores  of  Scotland  and  Ire- 
land, is  treated  with  water,  and  the  solution  filtered.  The  liquid  is  then 
concentrated  by  evaporation  until  it  is  reduced  to  a  very  small  volume, 
the  sodium  chloride,  sodium  carbonate,  potassium  chloride,  and  other 
salts  being  removed  as  they  successively  crystallize.  The  dark-brown 
mother-liquor  left  contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of 
sodium,  magnesium,  &c :  this  is  mixed  with  sulphuric  acid  and  manganese 
dioxide,  and  gently  heated  in  a  leaden  retort,  when  the  iodine  distils  over 
and  condenses  in  the  receiver.  The  theory  of  the  operation  is  exactly 
analogous  to  that  of  the  preparation  of  chlorine ;  in  practice,  however,  it 
requires  careful  management,  otherwise  the  impurities  present  in  the 
solution  interfere  with  the  general  result.* 

The  manganese  is  not  absolutely  necessary ;  potassium  or  sodium  iodide, 
heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This  effect  is 
due  to  a  secondary  action  between  the  hydriodic  acid  first  produced  and 
the  excess  of  the  sulphuric  acid,  in  which  both  suffer  decomposition, 
yielding  iodine  water,  and  sulphurous  acid. 

Iodine  crystallizes  in  plates  or  scales  of  a  bluish-black  color  and  imper- 
fect metallic  lustre,  resembling  that  of  plumbago:  the  crystals  are  some- 
times very  large  and  brilliant.  Its  density  is  4*948.  It  melts  at  107° 
(225°  P.),  and  boils  at  176°  (347°  F.),  the  vapor  having  an  exceedingly 
beautiful  violet  color,  f  It  is  slowly  volatile,  however,  at  common  temper- 
atures, and  exhales  an  odor  much  resembling  that  of  chlorine.  The  den- 
sity of  the  vapor  is  8  716  compared  with  air,  127  compared  with  hydro- 
gen. Iodine  requires  for  solution  about  7000  parts  of  water,  which  never- 
theless acquires  a  brown  color ;  in  alcohol  it  is  much  more  freely  soluble. 
Solutions  of  hydriodic  acid  and  the  iodides  of  the  alkaline  metals  also 
dissolve  a  large  quantity :  these  solutions  are  not  decomposed  by  water, 
which  is  the  case  with  the  alcoholic  tincture 

Iodine  stains  the  skin,  but  not  permanently ;  it  has  a  very  energetio 
action  upon  the  animal  system,  and  is  much  used  in  medicine. 

One  of  the  most  characteristic  properties  of  iodine  is  the  production  of 
a  splendid  blue  color  by  contact  with  starch.  The  iodine  for  this  purpose 
must  be  free  or  uncombined.  It  is  easy,  however,  to  make  the  test  available 
for  the  purpose  of  recognizing  the  presence  of  the  element  in  question 
when  a  soluble  iodide  is  suspected ;  it  is  only  necessary  to  add  a  very  small 
quantity  of  chlorine- water,  when  the  iodine,  being  displaced  from  combi- 
nation, becomes  capable  of  acting  upon  the  starch. 

Htoroobic  Iodide,  or  Hydriodic  Acid.  —  The  simplest  process  for  pre- 
paring hydriodic  acid  gas  is  to  introduce  into  a  glass  tube,  sealed  at  one 
extremity,  a  little  iodine,  then  a  small  quantity  of  roughly  powdered  glass 
moistened  with  water,  upon  this  a  few  fragments  of  phosphorus,  and  lastly 
more  glass:  this  order  of  iodine,  glass,  phosphorus,  glass,  is  repeated  until 
the  tube  is  half  or  two-thirds  filled.  A  cork  and  narrow  bent  tube  are 
then  fitted,  and  gentle  heat  applied.  The  gas  is  best  collected  by  displace- 
ment of  air.     The  experiment  depends  on  the  formation  of  an  iodide  of 

*2KI       +       MnO,       +      28r>4H,    =       L      -f      804K,      +      804Mn      +       20H, 

Potassium      Manganese         Hydrogen        Iodine.        Potassium        Manganese  Water. 

dioxide.  sulphate.  sulphate.  sulphate. 

t  Whence  the  name,  from  U*6tt,  violet-colored. 
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phosphorus  and  its  subsequent  decomposition  by  water,  whereby  hydrogen 
phosphite,  or  phosphorous  acid,  and  hydrogen  iodide  are  produced.*  The 
glass  merely  serves  to  moderate  the  violence 
-*V- m-  of  the  action  of  the  iodine  upon  the  phos- 

-^  phorus. 

Hydriodio  acid  gas  greatly  resembles  the 
corresponding  chlorine  compound ;  it  is  color- 
less, and  highly  acid;  it  fumes  in  the  air, 
and  is  very  soluble  in  water.  Its  density  is 
about  4*4  compared  with  air,  64  compared 
with  hydrogen.  By  weight,  it  is  composed 
of  127  parts  iodine  and  1  part  hydrogen; 
and  by  measure  of  equal  volumes  of  iodine 
vapor  and  hydrogen  united  without  con- 
densation. 

Solution  of  hydriodio  acid  may  be  pre- 
pared by  a  process  much  less  troublesome  than 
the  above.  Iodine  in  fine  powder  is  suspended 
in  water,  and  a  stream  of  washed  hydrogen 
sulphide  passed  through  the  mixture;  sul- 
—  phur  is  deposited,  and  the  iodine  converted 
into  hydriodio  acid.  When  the  liquid  has  become  colorless,  it  is  heated,  to 
expel  the  excess  of  hydrogen  sulphide,  and  filtered.  The  solution  cannot 
be  kept  long,  especially  if  it  be  concentrated ;  the  oxygen  of  the  air  grad- 
ually decomposes  the  hydriodio  acid,  and  iodine  is  set  free,  which,  dissolving 
in  the  remainder,  communicates  to  it  a  brown  color. 

Compound*  of  Iodine  and  Oxygen. 
The  most  important  of  these  are  the  iodic  and  periodic  oxides. 

Composition  by  weightf 
i  *  \ 

Iodine.       Oxygen. 

Iodic  oxide 127  40 

Periodic  oxide    ......         127  56 

Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides,  and 
forming  salts  called  iodates  and  periodates.  The  composition  of  the  hydro- 
gen salts  is  as  follows :  %  — 

Iodine.  Oxygen.  Hydrogen.  Iodic  oxide.  Water. 
Hydrogen  Iodate  or  Iodic  acid  127  -j-  48    -j-    1      or      384    -f     18 

Hydrogen  Periodate  or  Periodio  acid  127  -j- 66    -j-    1      or      886    -f-     18 

Iodic  acid  may  be  prepared  by  the  direct  oxidation  of  iodine  with  nitrio 
acid  of  specific  gravity  1-5 ;  6  parts  of  dry  iodine  with  200  parts  of  nitric 
acid  are  kept  at  a  boiling  temperature  for  several  hours,  or  until  the  iodine 
has  disappeared.  The  solution  is  then  cautiously  distilled  to  dryness,  and 
the  residue  dissolved  in  water  and  made  to  crystallize. 

Iodic  acid  is  a  very  soluble  substance ;  it  crystallizes  in  colorless,  six- 
sided  tables.  At  107°  (224°  F.)  it  is  resolved  into  water  and  iodic  oxide, 
which  forms  tabular  rhombic  crystals,  and  when  heated  to  the  temperature 
of  boiling  olive  oil,  is  completely  resolved  into  iodine  and  oxygen.  The 
solution  of  iodic  acid  is  readily  deoxidized  by  sulphurous  acid.     The  iodates 

•  P«       +       le       +       60H,  =  6HI  +  2PQ.H, 

Phosphorus.      Iodine.  Water.  Hydrogen  iodide.  Hydrogen  phosphite, 

t  IA  and  IA. 

flA-OH,       =       *r-  "VOHt       =  2IO4H. 
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much  resemble  the  chlorates:  that  of  potassium  is  decomposed  by  heat  into 
potassium  iodide  and  oxygen  gas. 

Periodic  Arid. — When  solution  of  sodium  iodate  is  mixed  with  caustic 
soda,  and  a  current  of  chlorine  transmitted  through  the  liquid,  two  salts 
are  formed  —  namely,  sodium  chloride  and  a  compound  of  sodium  periodate 
with  sodium  hydrate,  which  is  sparingly  soluble.*  This  is  separated,  con- 
verted into  a  silver-salt,  and  dissolved  in  nitric  acid :  the  solution  yields,  on 
evaporation,  crystals  of  yellow  silver  periodate,  from  which  the  acid  may 
be  separated  by  the  action  of  water,  which  resolves  the  salt  into  free  acid 
and  insoluble  basic  periodate. 

Periodic  acid  crystallizes  from  its  aqueous  solution  in  deliquescent 
oblique  rhombic  prisms,  which  melt  at  180°  (266°  F.J,  and  are  resolved  at 
170°  (338°  F.)  into  water  and  a  white  mass  of  periodio  oxide,  which  at  180° 
or  190°  (856° — 874°  F.)  gives  off  oxygen  with  great  rapidity,  and  leaves 
iodie  oxide. 

The  solution  of  periodic  acid  is  reduced  by  many  organic  substances, 
aad  instantly  by  hydrochlorio  acid,  sulphurous  acid,  and  hydrogen  sul- 
phide. With  hydrochloric  acid  it  forms  water,  iodine  chloride,  and  free 
chlorine.  The  metallic  periodates  are  resolved  by  heat  into  oxygen  and 
metallic  iodide. 

Cowtpound*  of  Iodine  and  Nitrogen. — When  finely  powdered  iodine  is  put 
into  caustic  ammonia,  it  is  in  part  dissolved,  giving  a  deep-brown  solution, 
sad  the  residue  is  converted  into  a  blaok  powder,  called  nitrogen  iodide.^ 
The  brown  liquid  consists  of  hydriodic  acid,  holding  iodine  in  solution, 
and  is  easily  separated  from  the  Bolid  product  by  a  filter.  The  latter, 
while  still  wet,  is  distributed  in  small  quantities  upon  separate  pieces  of 
bibulous  paper,  and  left  to  dry  in  the  air. 

Nitrogen  iodide  is  a  black  insoluble  powder,  which,  when  dry,  explodes 
with  the  slightest  touch  —  even  that  of  a  feather  —  and  sometimes  without 
snj  obvious  cause.  The  explosion  is,  however,  not  nearly  so  violent  as 
that  of  nitrogen  chloride,  and  is  attended  with  the  production  of  violet 
fumes  of  iodine.  According  to  Dr.  Gladstone,  this  substance  oontains  hy- 
drogen, and  may  be  viewed  as  ammonia  in  which  two  thirds  of  the  hy- 
drogen are  replaced  by  iodine.  J  According  to  the  researches  of  Bunsen, 
it  must  be  viewed  as  a  combination  of  nitrogen  tri- iodide  with  ammonia. { 
It  appears,  however,  that  the  substance  called  nitrogen  iodide  varies  in 
composition.  Gladstone,  by  changing  the  mode  of  preparation,  obtained 
ttTeral  compounds  of  nitrogen  tri-iodide  with  ammonia. 

Compound*  of  Iodine  and  Chlorine.  —  Iodine  readily  absorbs  chlorine  gas, 
forming,  when  the  chlorine  is  in  excess,  a  solid  yellow  compound,  and 
when  the  iodine  preponderates,  a  brown  liquid.  The  solid  iodide  is 
decomposed  by  water,  yielding  hydrochloric  and  iodic  acids.  || 

Another  definite  compound  is  formed  by  heating  in  a  retort  a  mixture 
of  1  part  iodine  and  4  parts  potassium  chlorate;  oxygen  gas  and  iodine 
chloride  are  disengaged,  and  the  latter  may  be  condensed  by  suitable 
means.    Potassium  iodate  and  perchlorate  remain  in  the  retort. 

This  iodine  chloride  is  a  yellow  oily  liquid,  of  suffocating  smell  and 
•stringent  taste ;  it  is  soluble  in  water  and  alcohol  without  decomposition. 
It  probably  consists  of  127  parts  iodine  and  85-5  parts  chlorine. fl 

•  IOkVa      +       SNaHO     +      CL       =  2Na.Cl       +       IO,H,Na, 

Sodium  Sodium         Chlorine  Sodinm  Basic  sodium 

iodate.  hydrate.  chloride,  periodate. 

t*Ie.  INHL.  {NI..NH,. 

IBenoeitisdimbtlemlCI*,  flOL 
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niroun. 

This  element  has  never  been  isolated — at  least,  in  a  state  fit  for  exam- 
ination;  its  properties  are  consequently  in  great  measure  unknown; 
but  from  the  observations  made,  it  is  presumed  to  be  gaseous,  and  to  pos- 
sess color,  like  chlorine.  The  compoands  containing  fluorine  can  be  easily 
decomposed,  and  the  element  transferred  from  one  body  to  another;  but 
its  intense  chemical  energies  towards  the  metals  and  towards  silicium,  a 
component  of  glass,  have  hitherto  baffled  all  attempts  to  obtain  it  pure  in 
the  separate  state.  As  calcium  fluoride,  it  exists  in  small  quantities  in 
many  animal  substances,  such  as  bones.  Several  chemists  have  endeavored 
to  obtain  it  by  decomposing  silver  fluoride  by  means  of  chlorine  in  vessels 
of  fluor-spar,  but  even  these  experiments  have  not  led  to  a  decisive  result. 

Htdrogbn  Fluobidi,  or  Hydrofluoric  Acid.* — When  powdered  cal- 
cium fluoride  (fluor-spar)  is  heated  with  concentrated  sulphuric  acid  in  a 
retort  of  platinum  or  lead  connected  with  a  carefully  cooled  receiver  of 
the  same  metal,  a  very  volatile  colorless  liquid  is  obtained,  which  emits 
copious  white  and  highly  suffocating  fumes  in  the  air.  This  was  formerly 
believed  to  be  the  acid  in  the  anhydrous  state.  Louyet,  however,  states 
that  it  still  contains  water,  and  that  hydrofluoric  acid,  like  hydrochloric 
acid,  when  anhydrous,  is  a  gas.  The  anhydrous  acid  may  be  prepared, 
according  to  Fr6my,  by  distilling  hydrogen  and  potassium  fluoride  in  a 
platinum  vessel.  The  acid  is  gaseous  at  ordinary  temperatures.  In  a 
frigorific  mixture  it  exists  as  a  liquid,  which  acts  violently  on  water  and 
evolves  white  fumes. 

When  hydrofluoric  acid  is  put  into  water,  it  unites  with  the  latter  with 
great  violence:  the  dilute  solution  attacks  glass  with  great  facility.  The 
concentrated  acid,  dropped  upon  the  skin,  occasions  deep  and  malignant 
ulcers,  so  that  great  care  is  requisite  in  its  management.  Hydrofluoric 
acid  contains  19  parts  fluorine  and  1  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of  siliceous 
minerals,  when  alkali  is  to  be  estimated :  it  is  employed,  also,  for  etching 
on  glass,  for  which  purpose  the  acid  may  be  prepared  in  vessels  of  lead, 
that  metal  being  but  slowly  attacked  under  these  circumstances.  The 
vapor  of  the  acid  is  also  very  advantageously  applied  to  the  same  object 
in  the  following  manner :  The  glass  to  be  engraved  is  coated  with  etching- 
ground  or  wax,  and  the  design  traced  in  the  usual  way  with  a  pointed 
instrument.  A  shallow  basin  made  by  beating  up  a  piece  of  sheet-lead  is 
then  prepared,  a  little  powdered  fluor-spar  placed  in  it,  and  enough  sul- 
phuric acid  added  to  form  with  the  latter  a  thin  paste.  The  glass  is 
placed  upon  the  basin,  with  the  waxed  side  downward,  and  gentle  heat 
applied  beneath,  which  speedily  disengages  the  vapor  of  hydrofluoric  acid. 
Iu  a  very  few  minutes,  the  operation  is  complete :  the  glass  is  then  re- 
moved and  cleaned  by  a  little  warm  oil  of  turpentine.  When  the  experi- 
ment is  successful,  the  lines  are  very  clean  and  smooth. 

No  combination  of  fluorine  and  oxygen  has  vet  been  discovered. 

♦  HP 
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SULPHUR. 

This  is  an  elementary  body  of  great  importance  and  interest.  It  is 
often  found  in  the  free  state  in  connection  with  deposits  of  gypsum  and 
rock-salt:  its  occurrence  in  volcanio  districts  is  probably  accidental. 
Sieily  furnishes  a  large  proportion  of  the  sulphur  employed  in  Europe. 
In  a  state  of  combination  with  iron  and  other  metals,  and  as  sulphuric  acid 
united  to  lime  and  magnesia,  it  is  also  abundant. 

Pure  sulphur  is  a  pale-yellow  brittle  solid,  of  well-known  appearance. 
It  melts  when  heated,  and  distils  over  unaltered,  if  air  be  excluded.  The 
crystals  of  sulphur  exhibit  two  distinct  and  incompatible  forms  —  namely, 
first,  an  octohedron  with  rhombic  base  (fig.  136),  which  is  the  figure  of 
satire  sulphur,  and  that  assumed  when  sulphur  separates  from  solution  at 
common  temperatures,  as  when  a  solution  of  sulphur  in  carbon  bisulphide 
is  exposed  to  slow  evaporation  in  the  air ;  and,  secondly,  a  lengthened  prism 
having  no  relation  to  the  preceding :  this  happens  when  a  mass  of  sulphur 
is  melted,  and,  after  partial  cooling,  the  crust  on  the  surface  is  broken  and 
the  fluid  portion  poured  out.  Fig.  187  shows  the  result  of  such  an  experi- 
ment. 

Fig.  180.  Wig.  187. 


The  specific  gravity  of  sulphur  varies  according  to  the  form  in  which  it 
is  crystallized.  The  octohedral  variety  has  the  specific  gravity  2-046 ;  the 
prismatic  variety  the  specific  gravity  1-982. 

Sulphur  melts  at  111°  (232°  F.)  (at  114-5°,  according  to  Brodie):  at  this 
temperature  it  is  of  the  color  of  amber,  and  thin  and  fluid  as  water;  when 
farther  heated,  it  begins  to  thicken,  and  to  acquire  a  deeper  color;  and 
between  221°  (430°  F.)  and  249°  (480°  F.)  it  is  so  tenacious  that  the  vessel 
in  which  it  is  contained  may  be  inverted  for  a  moment  without  the  loss  of 
its  contents.  If  in  this  state  it  be  poured  into  water,  it  retains  for  many 
hours  a  remarkably  soft  and  flexible  condition,  which  should  be  looked  upon 
as  the  amorphous  state  of  sulphur.  After  a  while  it  again  becomes  brittle 
sod  crystalline.  From  the  temperature  last  mentioned  to  the  boiling-point 
—about  400°  (792°  F.) — sulphur  again  becomes  thin  and  liquid.  In  the 
preparation  of  commercial  flowers  of  sulphur,  the  vapor  is  conducted  into 
a  large  cold  chamber,  where  it  condenses  in  minute  crystals.  The  specific 
gravity  of  sulphur  vapor  is  2-22,  referred  to  that  of  air  as  unity,  or  32  com- 
pared with  that  of  hydrogen  (Deville). 

Sulphur  is  insoluble  in  water  and  alcohol ;  oil  of  turpentine  and  the  fat 
oils  dissolve  it,  but  the  best  substance  for  the  purpose  is  carbon  bisulphide. 
In  its  chemical  relations  sulphur  bears  great  resemblance  to  oxygen :  to  very 
many  oxides  there  are  corresponding  sulphides,  and  the  sulphides  often 
unite  among  themselves,  forming  crystallizable  compounds  analogous  to 
oxysalts. 
17 
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Sulphur  is  remarkable  for  the  great  number  of  modifications  which  it  is 
capable  of  assuming.  Of  these,  however,  there  are  two  principal  well- 
characterixed  varieties,  one  soluble,  and  the  other  insoluble  in  carbon  bi- 
sulphide, and  many  minor  modifications.  The  soluble  variety  is  distinguished 
by  Berthelot*  by  the  name  of  electro-negative  aulphur,  because  it  is  the  form 
which  appears  at  the  positive  pole  of  the  voltaic  battery  during  the  decom- 
position of  an  aqueous  solution  of  hydrogen  sulphide,  and  is  separated  from 
the  combinations  of  sulphur  with  the  electro-positive  metals.  The  insolu- 
ble variety  is  distinguished  as  electro-positive  sulphur,  because  it  is  the  form 
which  appears  at  the  negative  pole  during  the  electric  decomposition  of 
sulphurous  acid,  and  separates  from  compounds  of  sulphur  with  the  electro- 
negative elements,  chlorine,  bromine,  oxygen,  &c. 

The  principal  modifications  of  soluble  sulphur  are  the  octahedral  and 
prismatic  varieties  already  mentioned,  and  an  amorphous  variety  which  is 
precipitated  as  a  greenish-white  emulsion,  known  as  milk  of  sulphur  on 
adding  an  acid  to  a  dilute  solution  of  an  alkaline  polysnlphide,  such,  for 
example,  as  is  obtained  by  boiling  sulphur  with  milk  of  lime.f  This  amor- 
phous sulphur  changes  by  keeping  into  a  mass  of  minute  octahedral  crystals. 
Sublimed  sulphur  appears  also  to  be  allied  to  this  modification,  but  it  always 
contains  a  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modifications  of  insoluble  sulphur  are:  1.  The  amorphous  in- 
soluble variety,  obtained  as  a  soft  magma  by  decomposing  chlorine  bisul- 
phide with  water,  or  by  adding  dilute  hydrochloric  acid  to  the  solution  of  a 
hyposulphite.!  2.  The  plastic  sulphur  already  mentioned  as  obtained  by 
pouring  viscid  melted  sulphur  into  water.  A  very  similar  variety  is  pro- 
duced by  boiling  metallic  sulphides  with  nitric  or  nitre-muriatic  acid. 

Magnus  {  obtained  a  black  modification  of  sulphur  by  repeatedly  heating 
Bulphur  to  800°  (572°  F.),  cooling  suddenly,  and  exhausting  with  carbon  bi- 
sulphide; and  this  black  sulphur,  heated  to  a  temperature  between  190° 
and  150°,  passed  into  a  red  modification.  According  to  Mitscherlich,  how- 
ever, pure  sulphur  does  not  exhibit  these  modifications ;  but  various  highly 
colored  products  may  be  obtained  by  melting  sulphur  with  small  quantities 
of  fatty  matters.  Even  the  grease  imparted  by  touching  sulphur  with  the 
fingers  is  sufficient  to  alter  its  color  considerably  when  melted. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are  mixed 
together,  a  blue  precipitate  is  sometimes  formed,  which  is  said  to  be  a 
peculiar  modification  of  sulphur. 

Compound*  of  Sulphur  and  Oxygen. 

There  are  two  oxides  of  sulphur  whose  names  and  composition  are  as 
follows : 

Composition  by  weight. 

r" —— — — *-— — — — — ■% 
Sulphur.       Oxygen. 
Sulphur  dioxide  or  Sulphurous  oxide       .        .        .     32     -j-     32 
Sulphur  trioxide  or  Sulphuric  oxide    .  .        82      -f-      48 

Both  these  oxides  unite  with  water  and  metallic  oxides,  or  the  elements 
thereof,  producing  salts;  those  derived  from  sulphurous  oxide  ere  called 

*  Ann.  Chim  Phys.  [3],  xllx.  480. 

f          Ca8*        +        2HCI         =  CaCI,  +      SH,        +       S, 

Calcium       Hydrochloric  Calcium  Hydrogen        Sulphur, 

pentasulphide.        acid.  chloride.  sulphide. 

%         2CIA       +       SOH*       =       4HC1        +        *&8§       +        8t 
Chlorine  Water.  Hydrochloric    Pypojralphuroiu    Bulphur. 

biralrhide.  acid.  add. 

}  PoggendoriTf  4ana)ftn,  xcU.  80S. 
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sulphites,  and  those  derived  from  sulphuric  acid,  sulphates.     The  composi- 
tion of  the  hydrogen  salts,  or  acids,  is  as  follows :  * 

Sulphur.      Oxjgen.      Hydrogen.      Sulphurous  oxide.  Water. 

H^hun»d}         82    +    48+2        «  64         +18 

Sulphuric  oxide.    Water. 
TSStftt}        82    +    64+2        -  80         +18 

The  replacement  of  half  or  the  whole  of  the  hydrogen  in  these  acids, 
bj  metals,  gives  rise  to  metallic  sulphites  and  sulphates. 

There  are  also  several  acids  of  sulphur,  with  their  corresponding  metal- 
lic salts,  to  which  there  are  no  corresponding  anhydrous  oxides,  viz. : 

1.  Hypoculphurou*  or  Thiosulphuric  Acid,  having  the  composition  of  sul- 
phuric acid  in  which  one  fourth  of  the  oxygen  is  replaced  by  sulphur,  f 
Its  composition  by  weight  is : 

Sulphur.  Oxygen.  Hydrogen. 

64  -f  48  +  2 

2.  A  series  of  acids  called  Polythionic  Acid*,%  in  whioh  the  same  quanti- 
ties of  oxygen  and  hydrogen  are  united  with  quantities  of  sulphur  in  the 
proportion  of  the  numbers  2,  3,  4,  6,}  viz.: 

Sulphur.    Oxygen.     Hydrogen. 
Dithionic,  or  Hyposulphurio  acid    .        .        64    -f-    96    -f-      2 

Trithionic  acid 96    -f    ^    +      2 

Tetrathionic  acid 128    -f     86     +      2 

Pentathlonic  acid         .  .  .  160    -f    96    +      2 

8ulphu*  Dioxide,  or  Sulphurous  Oxide.  —  This  is  the  only  product  of 
the  combustion  of  sulphur  in  dry  air  or  oxygen  gas.  It  is  most  conveniently 
prepared  by  heating  sulphuric  acid  with  metallic  mercury  or  copper  clip- 
pings ;  a  portion  of  the  acid  is  decomposed,  one  third  of  the  oxygen  of  the 
sulphuric  oxide  being  transferred  to  the  metal,  while  the  sulphuric  oxide 
is  reduced  to  sulphurous  oxide  which  escapes  as  gas.||  Another  very  simple 
method  of  preparing  sulphurous  oxide  consists  in  heating  concentrated  sul- 
phuric acid  with  sulphur ;  a  very  regular  evolution  of  sulphurous  oxide  is 
thus  obtained.  Sulphurous  oxide  is  a  colorless  gas,  having  the  peculiar 
suffocating  odor  of  burning  brimstone ;  it  instantly  extinguishes  name,  and 
ii  quite  irrespirible.  Its  density  is  2*21 ;  a  litre  weighs  2-8605  grams ; 
100  cubic  inches  weigh  68-69  grains.  At  -—17-8°  (0°  F. ),  under  the  ordinary 
pressure  of  the  atmosphere,  this  gas  condenses  to  a  colorless,  limpid  liquid, 
rttj  expansible  by  heat.  Cold  water  dissolves  more  than  thirty  times  its 
volume  of  sulphurous  oxide.  The  solution,  which  contains  hydrogen  sul- 
phite or  sulphurous  acid,  maybe  kept  unchanged  so  long  as  air  is  excluded, 
but  access  of  oxygen  gradually  converts  the  sulphurous  into  sulphuric  acid, 
although  dry  sulphurous  oxide  and  oxygen  gases  may  remain  in  contact 

•  The  composition  of  these  oxides  and  acids  is  thus  expressed  in  symbols: 
Sulphurous  oxide        ....       80, 

Sulphurous  acid SO,H,  =  BO*OH« 

Sulphuric  oxide  .....       SO. 

Sulphuric  acid 80*11,  =  SOfOH, 

t  Sulphuric  add 80«H. 

nuosulphuric  add BiOaH* 

X  Prom  mXiff  many,  and  Biloy,  sulphur. 
|  In  symbols: 

Dithionic  add  ....  P^H- 
Trithiouk  rvcid  ....  B/^H, 
Tetrathionic  acid  ....  S^II, 
Pentathlonic  add  .        .       F»O0Hfl 

I     W»OHd       +       Cu       »  SOs-CuO  +       20H,       +  BOf 

"---■       u.         Copper.  Copper  sulphate.  Water.  Sulphurous  oxide. 
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for  any  length  of  time  without  change.  When  sulphurous  oxide  nod 
aqueous  vapor  are  passed  into  a  vessel  cooled  to  below  — B-3°  or — 6°  (17°  or 
21°  F.),  a  crystalline  body  forms,  which  contains  about  24*2  sulphurous 
oxide  to  75-8  of  water. 

One  volume  of  sulphurous  oxide  gas  contains  one  volume  of  oxygen  and 
half  a  volume  of  sulphur  vapor,  condensed  into  one  volume. 

Gases  which,  like  the  present,  are  freely  soluble  in  water,  must  be  col- 
lected  by  displacement,  or  by  the  use  of  the  mercurial  pneumatic  trough. 
The  manipulation  with  the  latter  is  exactly  the  same  in  principle  as  with 
the  ordinary  water-trough,  but  rather  more  troublesome,  from  the  great 
density  of  the  mercury,  and  its  opacity.  The  whole  apparatus  is  on  a  much 
smaller  scale.  The  trough  is  best  constructed  of  hard,  sound  wood,  and  so 
contrived  as  to  economise  as  much  as  possible  the  expensive  liquid  it  is  to 
contain. 

8ulphurous  acid  has  bleaching  properties ;  it  is  used  in  the  arts  for  bleach- 
ing woollen  goods  and  straw-plait.  A  piece  of  blue  litmus  paper  plunged 
into  the  moist  gas  is  first  reddened  and  then  slowly  bleached. 

The  salts  of  sulphurous  acid  are  not  of  much  importance:  those  of  the 
alkalies  are  soluble  and  cry 8tall liable ;  they  are  easily  formed  by  direct 
combination.  The  sulphites  of  barium,  strontium,  and  calcium  are  insol- 
uble in  water,  but  soluble  in  hydrochloric  acid.  The  stronger  acids  de- 
compose them ;  nitric  acid  converts  them  into  sulphates. 

Sulphurous  oxide  unites,  under  peculiar  circumstances,  with  chlorine, 
and  also  with  iodine,  forming  compounds,  which  have  been  called  chloro- 
and  iodo-sulphurio  acids.  They  are  decomposed  by  water.  It  also  combine! 
with  dry  ammoniacal  gas,  giving  rise  to  a  remarkable  compound  ;  and  with 
nitric  oxide  also,  in  presenoe  of  an  alkali 

Sulphub.  Tbioxidk  or  Sulphuric  Oxide  (also  called  Anhydrous  Sulphuric 
acid,  or  Sulphuric  anhydride),  —  This  compound  may  be  formed  directly  by 
passing  a  dry  mixture  of  sulphurous  oxide  and  oxygen  gases  over  heated 
spongy  platinum ;  or  it  may  be  obtained  by  distilling  the  most  concentrated 
sulphuric  acid  with  phosphoric  oxide,  which  then  abstracts  the  water  and 
sets  the  sulphuric  oxide  free.  It  is  usually  prepared,  however,  from  the 
fuming  oil  of  vitriol  of  Nordhausen,  which  may  be  regarded  as  a  solution 
of  sulphuric  oxide  in  sulphuric  acid.  On  gently  heating  this  liquid  in  a 
retort  connected  with  a  receiver  cooled  by  a  freezing  mixture,  the  sulphuric 
oxide  distils  over  in  great  abundance,  and  condenses  into  beautiful  white 
silky  crystals,  resembling  those  of  asbestos.  When  thrown  into  water, 
it  hisses  like  a  red-hot  iron,  from  the  violence  with  which  combination 
occurs:  the  product  is  sulphuric  acid.  When  exposed  to  the  air,  even 
for  a  few  moments,  it  liquefies  by  absorption  of  moisture.  It  unites  with 
ammoniacal  gas,  forming  a  salt  called  ammonium  sulphamate,  the  nature  of 
which  will  be  explained  further  on. 

Sulphuric  Acid.  —  This  acid  has  been  known  since  the  fifteenth  century. 

There  are  two  distinct  processes  by  which  it  is  at  present  prepared — 
namely,  by  the  distillation  of  ferrous  sulphate  (copperas  or  green  vitriol), 
and  by  the  oxidation  of  sulphurous  acid  with  nitrous  and  hyponitric  acids. 

The  first  process  is  still  carried  on  in  some  parts  of  Germany,  especially 
in  the  neighborhood  of  Nordhausen  in  Prussia,  and  in  Bohemia.  The  fer- 
rous sulphate,  derived  from  the  oxidation  of  iron  pyrites,  is  deprived  by 
heat  of  the  greater  part  of  its  water  of  crystallization,  and  subjected  to  s 
high  red  heat  in  earthen  retorts,  to  which  receivers  are  fitted  as  soon  as  the 
acid  begins  to  distil  over.  A  part  gets  decomposed  by  the  very  high  tem- 
perature ;  the  remainder  is  driven  off  in  vapor,  which  is  condensed  bv  the 
cold  vessel,  containing  a  very  small  quantity  of  water  or  common  sulphuric 
acid.    The  produot  is  a  brown  nlll  VJmUi  of  About  1*9  specific  gravity,  fum- 
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in$  in  the  air,  and  very  corrosive.  It  is  chiefly  made  for  the  purpose  of 
dissolving  indigo. 

The  second  method,  which  is,  perhaps,  with  the  single  exception  men- 
tioned, always  followed  as  the  moro  economical,  depends  upon  the  fact  that, 
when  sulphurous  oxide,  nitrogen  tetroxide,  and  water  are  present  together 
in  certain  proportions,  the  sulphurous  oxide  becomes  oxidised  at  the  expense 
of  the  nitrogen  tetroxide,  which  by  the  loss  of  one-half  of  its  oxygen,  sinks 
to  the  condition  of  nitrogen  dioxide.  The  operation  is  thus  conducted :  A 
large  and  very  long  chamber  is  built  of  sheet-lead  supported  by  timber- 
framing:  on  the  outside,  at  one  extremity,  a  small  furnace  or  oven  is  con- 
structed, having  a  wide  tube  leading  into  the  chamber.  In  this,  sulphur  is 
kept  burning,  the  flame  of  which  heats  a  crucible  containing  a  mixture  of 
nitre  and  oil  of  vitriol.  A  shallow  stratum  of  water  occupies  the  floor  of 
the  chamber,  and  a  jet  of  steam  is  also  introduced.  Lastly,  an  exit  is  pro- 
vided at  the  remote  end  of  the  chamber  for  the  spent  and  useless  gases. 
The  effect  of  these  arrangements  is  to  cause  a  constant  supply  of  sulphur- 
ous oxide,  atmospheric  air,  nitric  acid  vapor,  and  water  in  the  state  of 
steam,  to  be  thrown  into  the  chamber,  there  to  mix  and  react  upon  each 
other.  The  nitric  acid  immediately  gives  up  a  part  of  its  oxygen  to  the 
sulphurous  oxide,  and  is  itself  reduced  to  nitrogen  tetroxide ;  it  does  not 
remain  in  this  state,  however,  but  suffers  further  deoxidation  until  it  be- 
comes reduced  to  nitrogen  dioxide.  That  substance,  in  contact  with  free 
ox7Ke°t  absorbs  a  portion  of  the  latter,  and  once  more  becomes  tetroxide, 
which  is  again  destined  to  undergo  deoxidation  by  a  fresh  quantity  of  sul- 
phurous oxide.  A  very  small  portion  of  nitrogen  tetroxide,  mixed  with  at- 
mospheric air  and  sulphurous  oxide,  may  thus  in  time  convert  an  indefinite 
amount  of  the  latter  into  sulphuric  acid,  by  acting  as  a  kind  of  carrier  be- 
tween the  oxygen  of  the  air  and  the  sulphurous  oxide.  The  presence  of 
water  is  essential  to  this  reaction. 

We  may  thus  represent  the  change :  * 


Nitrogen  tetroxide 
46 


Nitrogen  14      — ^     Nitrogen  dioxide  80. 

Oxygen    16 

I  Oxygen    16  , 
Sulphurous  oxide  J  Sulphur   32 

64         1  Oxygen    32 ^^ 

Water  .        .        .     18        " ^^n*.  Sulphuric  acid  98. 

Such  is  the  simplest  view  that  can  be  taken  of  the  production  of  sulphuric 
acid  in  the  leaden  chamber ;  but  it  is  too  much  to  affirm  that  it  is  strictly 
true;  the  reaction  may  be  more  complex.  When  a  little  water  is  put  at 
the  bottom  of  a  large  glass  globe,  so  as  to  maintain  a  certain  degree  of  hu- 
midity in  the  air  within,  and  sulphurous  oxide  and  nitrogen  tetroxide  are 
introduced  by  separate  tubes,  symptoms  of  chemical  action  become  im- 
mediately evident,  and  after  a  little  time  a  white  crystalline  matter  is 
observed  to  condense  on  the  sides  of  the  vessel.  This  substance  appears 
to  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a  little  water.f 
*hen  thrown  into  water,  it  is  resolved   into  sulphuric  acid,  nitrogen 

*         KOb  +        SO,        +       OH,       =       NO  +  BO.H, 

Nitrogen  Sulphurous        Water.  Nitrogen  Sulphuric 

tetroxide.  oxide.  dioxide.  acid, 

t  Oaoltfcr  de  Clanbry  assigned  to  this  curious  substance  the  composition  expressed  by  the 
™  2fS^t30Ht\f>SOa,  «iwl  this  view  ha*  generally  been  received  by  recent  chemical 
vntars.  Be  la  Provostaye  has  since  shown  that  a  compound  possessing  all  the  essential  prop- 
«tia  of  the  body  In  question  may  be  formed  by  bringing  together,  in  a  sealed  glass  tube, 
J"jQ«  sulphurous  oxide  and  liquid  nitrogen  tetroxide,  both  free  from  water.  The  white  crys- 
wflins  solid  soon  begins  to  form,  and  at  the  expiration  of  twenty-six  hours  the  reaction  ap- 
P«rt«oatpIete.  The  new  product  is  accompanied  by  an  exceedingly  volatile  greenish  liquid 
17* 
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dioxide,  and  nitric  acid.  This  curious  body  is  certainly  very  often  pro- 
duced in  large  quantity  in  the  leaden  chambers;  but  that  its  production  is 
indispensable  to  the  success  of  the  process,  and  constant  when  the  operation 
goes  on  well,  and  the  nitrogen  tetroxide  is  not  in  excess,  may  perhaps  ad- 
mit of  doubt 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded  with  sul- 
phuric acid:  when  a  certain  degree  of  strength  has  been  reached,  the  acid 
is  drawn  off  and  concentrated  by  evaporation,  first  in  leaden  pans,  and 
afterwards  in  stills  of  platinum,  until  it  attains  a  density  (when  cold  J  of 
1*84*  or  thereabouts;  it  is  then  transferred  to  carboys,  or  large  glass  bot- 
tles fitted  in  baskets,  for  sale.  In  Great  Britain  this  manufacture  is  one 
of  great  national  importance,  and  is  carried  on  to  a  vast  extent,  8ulphuric 
acid  is  now  more  frequently  made  by  burning  iron  pyrites,  or  poor  copper 
ore,  or  sino-blende,  as  a  substitute  for  Sicilian  sulphur:  it  very  frequently 
contains  arsenic,  from  which  it  may  be  freed,  however,  by  heating  it  with 
a  small  quantity  of  sodium  chloride,  or  by  passing  through  the  heated 
acid  a  current  of  hydrochloric  acid  gas,  whereby  the  arsenic  is  volatilised 
as  trichloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is  often 
called,  is  a  definite  combination  of  40  parts  sulphuric  oxide,  and  9  parts 
water.*  It  is  a  colorless  oily  liquid,  having  a  specific  gravity  of  about  1*85, 
of  intensely  acid  taste  and  reaction.  Organic  matter  is  rapidly  charred 
and  destroyed  by  this  substance.  At  the  temperature  of  — 26°  ( — 15°  F.) 
it  freeses;  at  827°  (620°  F.)  it  boils,  and  may  be  distilled  without  decom- 
position. Oil  of  vitriol  has  a  most  energetic  attraction  for  water;  it  with- 
draws aqueous  vapor  from  the  air,  and  when  it  is  diluted  with  water,  great 
heat  is  evolved,  so  that  the  mixture  always  requires  to  be  made  with  cau- 
tion. Oil  of  vitriol  is  not  the  only  hydrate  of  sulphuric  oxide;  three 
others  are  known  to  exist  When  the  fuming  oil  of  vitriol  of  Nordhausen 
is  exposed  to  a  low  temperature,  a  white  crystalline  substance  separates, 
which  is  a  hydrate  containing  half  as  much  water  as  the  common  liquid 
acid.  Then,  again,  a  mixture  of  98  parts  of  strong  liquid  acid  and  18 
parts  of  water  f  congeals  or  crystallizes  at  a  temperature  above  0°,  and 
remains  solid  even  at  7*2°  {46°  F.).  Lastly,  when  a  very  dilute  acid  is 
concentrated  by  evaporation  in  a  vacuum  over  a  surface  of  oil  of  vitriol, 
the  evaporation  stops  when  the  sulphuric  oxide  and  water  bear  to  each 
other  the  proportion  of  80  to  64. J 

When  the  vapor  of  sulphuric  acid  is  passed  over  red-hot  platinum,  it  is 
decomposed  into  oxygen  and  sulphurous  acid.  St  Claire  Deville  and  De- 
bray  have  recommended  this  process  for  the  preparation  of  oxygen  on  the 
large  scale,  the  sulphurous  acid  being  easily  separated  by  its  solubility  in 
water  or  alkaline  solutions. 

Sulphurio  acid  acts  readily  on  metallic  oxides;  converting  them  into 
sulphates.  It  also  decomposes  carbonates  with  the  greatest  ease,  expelling 
carbon  dioxide  with  effervescence.  With  the  aid  of  heat  it  likewise  de- 
composes all  other  salts  containing  acids  more  volatile  than  itself.  The 
sulphates  are  a  very  important  class  of  salts,  many  of  them  being  exten- 
sively used  in  the  arts.  Most  sulphates  are  soluble  in  water,  but  they  are 
all  insoluble  in  alcohol.     The  barium,  calcium,  strontium,  and  lead  salts 

having  the  characters  of  nitrons  acid.  The  white  substance,  on  analysis,  was  found  to  contain 
the  elements  of  two  molecules  of  sulphuric  oxide  and  one  of  nitrous  oxide,  or  NjOjJZSO,.  3!. 
de  la  Provostaye  very  ingeniously  explains  the  anomalies  in  the  different  analyses  of  tho 
leaden  chamber  product,  by  showing  that  the  pure  substance  forms  crystallisabte  combina- 
tions with  different  proportions  of  sulphuric  acid.  (Ann.  Chim.  Phye.  lxxJii.  362.)  See  alto 
Weber  (Jahresbericht  fltr  Chemie,  1863,  p.  .738;  1865,  p.  03;  Bull.  Soc.  Chim.  de  Paris,  1867. 
1.15.) 

•80..0H.    =    BOM±  fBOj-aOH,    =    SO^OH* 
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are  insoluble,  or  very  slightly  soluble,  in  water;  and  are  formed  by  pre- 
cipitating a  soluble  salt  of  either  of  those  metals  with  sulphuric  acid,  or  a 
soluble  metallic  sulphate.  Barium  sulphate  is  quite  insoluble  in  water ; 
consequently  sulphuric  acid,  or  its  soluble  salts,  may  be  detected  with  the 
greatest  ease  by  solution  of  barium  nitrate  or  chloride ;  a  white  precipi- 
tate is  thereby  produced  which  does  not  dissolve  in  nitric  acid. 

Htposulphu&ous,  or  Thiosulphubic  Acid.  — By  digesting  sulphur  with 
a  solution  of  potassium  or  sodium  sulphite,  a  portion  of  that  substance  is 
dissolved,  and  the  liquid,  by  Blow  evaporation,  furnishes  crystals  of  hypo- 
sulphite.* The  acid  itself  is  scarcely  known,  for  it  cannot  be  isolated : 
when  hydrochloric  acid  is  added  to  a  solution  of  a  hyposulphite,  the  acid 
of  the  latter  is  almost  instantly  resolved  into  sulphur,  which  precipitates, 
sad  sulphurous  acid,  easily  recognized  by  its  odor.  In  very  dilute  solu- 
tion, however,  it  appears  to  remain  undecomposed  for  some  time.  The 
most  remarkable  feature  of  the  alkaline  hyposulphites  is  their  property 
of  dissolving  certain  insoluble  salts  of  silver,  as  the  chloride  —  a  property 
which  has  lately  conferred  upon  them  a  considerable  share  of  importance 
in  relation  to  the  art  of  photography.  They  are  also  much  used  as  anti- 
eklora  for  removing  the  last  traces  of  chlorine  from  bleached  goods. 

Dithionic,  or  Htposulphuuo  Acid.  —  This  aoid  is  prepared  by  sus- 
pending finely  divided  manganese  dioxide  in  water  artificially  cooled,  and 
then  transmitting  a  stream  of  sulp'iurous  acid  gas;  the  dioxide  becomes 
monoxide,  half  its  oxygen  converting  the  sulphurous  into  dithionic  acid.f 
The  manganese  dithionate  thus  prepared  is  decomposed  by  a  solution  of 
pore  barium  hydrate,  and  the  barium  salt,  in  turn,  by  enough  sulphuric 
&eid  to  precipitate  the  base.  The  solution  of  dithionic  acid  may  be  con- 
centrated by  evaporation  in  a  vacuum,  until  it  acquires  a  density  of  1  *347 ; 
pushed  further,  it  decomposes  into  sulphuric  and  sulphurous  acids.  It 
has  no  odor,  is  very  sour,  and  forms  soluble  salts  with  baryta,  lime,  and 
lead  oxide. 

Teithiohic  Acid.  — A  substance  accidentally  formed  by  Langlois,^  in  the 
preparation  of  potassium  hyposulphite,  by  gently  heating  with  sulphur  a 
solution  of  potassium  carbonate  saturated  with  sulphurous  acid.  It  is  also 
produced  by  the  action  of  sulphurous  oxide  on  potassium  hyposulphite.  2 
Its  salts  bear  a  great  resemblance  to  those  of  hyposulphurous  acid,  but 
differ  completely  in  composition,  while  the  acid  itself  is  not  quite  so  prone 
to  ehange.  It  is  obtained  by  decomposing  the  potassium  salt  with  hydro- 
fluosilicic  acid :  it  may  be  concentrated  under  the  receiver  of  the  air-pump, 
but  is  gradually  decomposed  into  sulphur,  sulphurous  and  sulphuric  acids. 

Tbtbathiohig  Acid.  — This  acid  was  discovered  by  Fordos  and  Gdlis.  || 
When  iodine  is  added  to  a  solution  of  barium  hyposulphite,  a  large  quantity 
of  that  substance  is  dissolved,  and  a  clear  colorless  solution  obtained, 

•   8C*K,  +  8  =  SgOsK, 

Potassium  Sulphur.  Potaasium 

sulphite,  hyposulphite. 

f     MoO,         +  2SOaH,       =       SAMn       +       20H, 

Manganese  Sulphurooi  Manganese  Water, 

dioxide.  acid.  dithionate. 

X  Ana.  Chim.  Pfayg.  [2],  lxxir.  250. 

|  2S.O.K,  +  3SO,  =  2SAK,  +  8 

Potassium  Sulphurous  PoUuwium 

hyposulphite.  oxide.  trithionate. 

|  Ann.  Ch.  Phann.  xUt.  247. 
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which,  besides  barium  iodide,  contains  barium  tetrathionate.*  By  suitable 
means,  the  acid  can  be  eliminated,  and  obtained  in  a  state  of  solution.  It 
yery  closely  resembles  dithionic  acid.  The  same  acid  is  produced  by  the 
action  of  sulphurous  acid  on  chlorine  disulphide. 

Pentathionic  Acid.  — Another  acid  of  sulphur  was  discovered  by  Waek- 
enroder,f  who  formed  it  by  the  action  of  hydrogen  sulphide  on  sulphurous 
acid.  J  It  is  colorless  and  inodorous,  of  acid  and  bitter  taste,  and  capable 
of  being  concentrated  to  a  considerable  extent  by  cautious  eyaporation. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphur,  sulphurous 
aud  sulphuric  acids,  and  hydrogen  sulphide.  The  salts  of  pentathionic  acid 
are  nearly  all  soluble.  The  barium  salt  crystallizes  from  alcohol  in  square 
prisms.  The  acid  is  also  formed  when  lead  dithionate  is  decomposed  by 
hydrogen  sulphide,  and  when  chlorine  monosulphide  is  heated  with  sul- 
phurous acid. 

Sulphur  with  Hydrogen. 

Hydrogen  Monosulphide;  Sttlphtdric  Acid;  HTDnosin.pRmuc  Actd; 
Sulphuretted  Hydrogen. — There  are  two  methods  by  which  this  important 
compound  can  be  readily  prepared,  namely,  by  the  action  of  dilute  sulphuric 
acid  upon  iron  monosulphide,  and  by  the  decomposition  of  antimony  tri- 
sulphide  with  hydrochloric  acid.  The  first  method  yields  it  most  easily, 
the  second  in  the  purest  state. 

Iron  monosulphide  is  put  into  the  apparatus  for  hydrogen,  already  several 
times  mentioned,  together  with  water,  and  oil  of  vitriol  is  added  by  the 
funnel,  until  a  copious  disengagement  of  gas  takes  place.  This  is  to  be 
collected  over  tepid  water.     The  reaction  is  thus  explained :  — 

Iron  sulphide.        {f^*1111*    —^p- Hydrogen  sulphide- 
Water                     I  Hydrogen>»<^^ 
Water      .     .     .     j0xygen     _^\^ 

Sulphuric  oxide ^»  Ferrous  sulphate.  J 

By  the  other  plan,  finely  powdered  antimony  trisulphide  is  put  into  a 
flask  to  which  a  cork  and  bent  tube  can  be  adapted,  and  strong  liquid 
hydrochloric  acid  poured  upon  it.  On  the  Application  of  heat,  a  double 
interchange  occurs  between  the  bodies  present,  hydrogen  sulphide  and 
antimony  trichloride  being  formed.  The  action  lasts  only  while  the  heat 
is  maintained. 

Hydrochloric  acid    |  Hydrogen—-— ^^Hydrogen  sulplude. 


Antimony  .nlphido.  {  AnUmonT^ -Antimony  cMoride.1 


Hydrogen  sulphide  is  a  colorless  gas,  having  the  odor  of  putrid  eggs ;  it 
is  most  offensive  when  in  small  quantity,  when  a  mere  trace  is  present  in 
the  air.     It  is  not  irritating,  but,  on  the  contrary,  powerfully  narcotic 


•       2S*0,Ba       +           It 
Barium                   Iodine, 
hyposulphite. 

=           Bal, 
Barium 
iodide. 

+           8,OeBa 

Barium 
tetrathionate. 

f    Ann.  Ch  Phorm.  Ix.  189. 

X      580,11!      +            5SHt    = 
Sulphurous           Hydrogen 
actd.                   sulphide. 

8tO«Hf     = 

Pentathionic 
acid. 

90H,       +       8* 
Water.           Sulphur. 

{      Fe8           +           S04Hf 
Ferrous                  Hydrogen 
sulphide.                 sulphate. 

=           SH, 
Hydrogen 
sulphide. 

=           80«Fe 
Ferrous 
sulphate. 

|          SIj-Ss          +          CHC1 
Antimonious            Hydrogen 
sulphide.                chloride. 

=           3SH, 
Hydrogen 
sulphide. 

+          28bCls 
Antimonious 
chloride. 
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When  set  on  fire,  it  barns  with  a  blue  flame,  producing  sulphurous  acid 
when  the  supply  of  air  is  abundant;  and  depositing  sulphur  when  the 
oxjgen  is  deficient.  Mixed  with  chlorine,  it  is  instantly  decomposed,  with 
separation  of  the  whole  of  the  sulphur. 

This  gas  has  a  specific  gravity  of  1-171  referred  to  air,  or  17  referred  to 
hydrogen  as  unity  ;  a  litre  weighs  1-51991  grams. 

A  pressure  of  17  atmospheres  at  10°  (50°  F.)  reduces  it  to  the  liquid  form. 
Cold  water  dissolves  its  own  volume  of  hydrogen  sulphide,  and  the  solution 
is  often  directed  to  be  kept  as  a  test ;  it  is  so  _.    18& 

prone  to  decomposition,  however,  by  the  oxygen 
of  the  air,  that  it  quickly  spoils.  A  much  better 
plan  is  to  keep  a  little  apparatus  for  generating 
the  gas  always  at  hand,  and  ready  for  use  at  a 
moment's  notice.  A  small  bottle  or  flask,  to 
which  a  bit  of  bent  tube  is  fitted  by  a  cork,  is 
supplied  with  a  little  iron  sulphide  and  water; 
when  required  for  use,  a  few  drops  of  oil  of 
vitriol  are  added,  and  the  gas  is  at  onoe  evolved. 
The  experiment  completed,  the  liquid  is  poured 
from  the  bottle,  replaced  by  a  little  clean  water, 
and  the  apparatus  is  again  ready  for  use. 

Potassium  heated  in  hydrogen  sulphide  burns 
with  great  energy,  becoming  converted  into  sulphide,  while  pure  hydrogen 
remains,  equal  in  volume  to  the  original  gas.  Taking  this  act  into  account, 
and  comparing  the  density  of  the  gaB  with  those  of  hydrogen  and  sulphur 
rapor,  it  appears  that  every  volume  of  hydrogen  sulphide  contains  one 
volume  of  hydrogen  and  half  of  a  volume  of  sulphur-vapor,  the  whole 
condensed  into  one  volume,  a  constitution  precisely  analogous  to  that  of 
water-vapor.  This  corresponds  very  nearly  with  its  composition  by  weight, 
determined  by  other  means — namely,  16  parts  sulphur  and  1  part  hydrogen. 

When  a  mixture  of  100  measures  of  hydrogen  sulphide  and  150  measures 
of  pare  oxygen  is  exploded  by  the  electric  spark,  complete  combustion 
ensues,  and  100  measures  of  sulphurous  oxide  gas  result. 

Hydrogen  sulphide  is  a  frequent  product  of  the  putrefaction  of  organio 
matter,  both  animal  and  vegetable;  it  occurs  also  in  certain  mineral 
springs,  as  at  Harrogate,  and  elsewhere.  When  accidentally  present  in 
the  atmosphere  of  an  apartment,  it  may  be  instantaneously  destroyed  by  a 
small  quantity  of  chldrine  gas. 

There  are  few  reagents  of  greater  value  to*  the  practical  chemist  than 
this  substance:  when  brought  in  contact  with  many  metallic  solutions,  it 
gives  rise  to  precipitates,  which  are  often  exceedingly  characteristic  in 
appearance,  and  it  frequently  affords  the  means  of  separating  metals  from 
each  other  with  the  greatest  precision  and  certainty.  The  precipitates 
spoken  of  are  insoluble  sulphides,  formed  by  the  mutual  decomposition  of 
the  metallic  oxides  or  chlorides  and  hydrogen  sulphide,  water  or  hydro- 
chloric acid  being  produced  at  the  same  time.  All  the  metals  are  in  fact 
precipitated,  whose  sulphides  are  insoluble  in  water  and  in  dilute  acids. 

Arsenic  and  cadmium  solutions  thus  treated  give  bright  yellow  precipi- 
tates, the  former  soluble,  the  latter  insoluble,  in  ammonium  sulphide ;  tin 
salts  give  a  brown  or  a  yellow  precipitate,  according  as  the  metal  is  in  the 
form  of  a  stannous  or  a  stannic  salt ;  both  soluble  in  ammonium  sulphide. 
Antimony  solutions  give  an  orange-red  precipitate,  soluble  in  ammonium 
sulphide.  Copper,  lead,  bismuth,  mercury,  and  silver  salts  give  dark- 
brown  or  black  precipitates,  insoluble  in  ammonium  sulphide;  gold  and 
platinum  salts,  black  precipitates,  soluble  in  ammonium  sulphide. 

Hydrogen  sulphide  possesses  the  properties  of  an  acid ;  its  solution  in 
water  reddens  litmus-paper. 
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The  best  test  for  the  presence  of  this  compound  is  paper  wetted  with 
solution  of  lead  acetate.  This  salt  is  blackened  by  the  smallest  trace  of 
the  gas. 

Hydrogen  disulphide. —  This  substance  corresponds  in  constitution  and 
instability  to  the  hydrogen  dioxide;  it  is  prepared  by  the  following  means: 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled  with  6  or 
6  parts  of  water  for  half  an  hour,  when  a  deep  orange-colored  solution  is 
produced,  containing,  among  other  things,  calcium  disulphide.  This  is 
filtered,  and  slowly  added  to  an  excess  of  dilute  sulphuric  acid,  with  con- 
stant  agitation.  A  white  precipitate  of  separated  sulphur  and  calcium 
sulphate  makes  its  appearance,  together  with  a  quantity  of  yellow  oily- 
looking  matter,  which  collects  at  the  bottom  of  the  vessel:  this  i*3  hydro- 
gen disulphide.* 

If  the  experiment  be  conducted  by  pouring  the  acid  into  the  solution  of 
the  sulphide,  then  nothing  but  finely  divided  precipitated  sulphur  is  ob- 
tained. 

The  disulphide  is  a  yellow,  viscid,  insoluble  liquid,  exhaling  the  odor 
of  sulphuretted  hydrogen;  its  specific  gravity  is  1*769.  It  is  slowly  de- 
composed even  in  the  cold  into  sulphur  and  hydrogen  monosulphide,  and 
instantly  by  a  higher  temperature,  or  by  contact  with  many  metallic 
oxides. 

Carbon  and  Sulphur. 

Carbon  Disulphide  or  Bisulphide,  f — A  white  porcelain  tube  is  filled 
with  pieces  of  charcoal  which  have  been  recently  heated  to  redness  in  a 
covered  crucible,  and  fixed  across  a  furnace  in  a  slightly  inclined  position. 
Into  the  lower  extremity  a  tolerably  wide  tube  is  secured  by  the  aid  of  a 
cork:  this  tube  bends  downward,  and  passes  nearly  to  the  bottom  of  a 
bottle  filled  with  fragments  of  ice  aud  a  little  water.  The  porcelain  tube 
being  heated  to  a  bright  redness,  fragments  of  sulphur  are  thrown  into 
the  open  end,  which  is  immediately  afterwards  stopped  by  a  cork.  The 
sulphur  melts,  and  becomes  converted  into  vapor,  which  at  that  high  tem- 
perature combines  with  the  carbon,  forming  an  exceedingly  volatile  com- 
pound, which  is  condensed  by  the  ice  and  collects  at  the  bottom  of  the 
vessel.  This  is  collected  and  redistilled  at  a  very  gentle  heat  in  a  retort 
connected  with  a  good  condenser. 

For  preparation  on  the  large  scale,  a  tubulated  earthen  retort  is  filled 
with  charcoal,  and  the  Bulphur  is  dropped  in  through  a  porcelain  tube 
passing  through  the  tubulUs  and  reaching  nearly  to  the  bottom;  or  the 
charcoal  is  contained  in  a  large  iron  cylinder,  and  the  sulphur  introduced 
through  a  pipe  fitted  into  the  lower  part. 

*  The  reaction  which  ensues  when  calcium  hydrate,  sulphur,  and  water  are  boiled  together 
is  rather  complex,  disulphide  or  pentasulphlde  of  calcium  being  formed,  together  with  calcium 
hyposulphite,  arising  from  the  transfer  of  the  oxygen  of  the  decomposed  lime  to  another  por- 
tion of  sulphur. 

3CuO        +        S.        =        2CaS,        +        8sO»Ca 
Lime.  Sulphur.  Calcium  Culcium 

disulphide.         hyposulphite. 

The  calcium  disulphide,  decomposed  by  an  acid  under  favorable  circumstances,  yields  a  cal- 
cium salt  and  hydrogen  disulphide. 

ChS,       +        80fTTt        =        SH,        +        S04Ca 

Calcium  Sulphuric         Hydrogen  Culcium 

disulphide.  acid.  disulphide.  sulphate. 


When  the  acid  is  poured  into  the  sulphide,  sulphuretted  hydrogen,  water,  and  calcium  sul- 

mtcure         *  *        '     "    '    ~    *  ""    ~"  "~  *~~  **~~ 

preciplti 
ance,  hj 

tea,. 


phutc  are  produced,  whilo  the  excess  of  sulphur  is  thrown  down  as  a  fine  white  powder,  the 
**  precipitated  sulphur"  of  the  Pharmacopoeia.  When  the  object  is  to  prepare  the  latter  sub- 
stance, hydrochloric  acid  most  be  used  in  place  of  sulphuric  acid. 
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Carbon  disulphide  is  a  transparent,  colorless  liquid  of  great  refractive 
tod  dispersive  power.  Its  density  is  1-272,  that  of  its  vapor  is  2*67.  It 
boils  at  43°  (110°  F.),  and  emits  vapor  of  considerable  elasticity  at  com- 
mon temperatures.  This  substance  has  a  very  repulsive  odor.  When  set 
on  fire  in  the  air,  it  burns  with  a  blue  flame,  forming  carbon  dioxide  and 
sulphur  dioxide  gases;  and  when  its  vapor  is  mixed  with  oxygen,  it  be- 
comes explosive.  Carbon  disulphide,  when  heated  with  water  in  a  sealed 
tube  to  about  153°  (307°  F.),  is  converted  into  carbon  dioxide  and  hydrogen 
sulphide.  In  contact  with  nascent  hydrogen  (when  heated  with  zinc  and 
dilute  sulphuric  acid),  it  is  converted  into  a  white  crystalline  substance 
containing  carbon,  hydrogen,  and  sulphur,*  crystallizing  in  square  prisms, 
insoluble  in  water,  alcohol,  and  ether,  but  soluble  in  carbon  disulphide, 
subliming  at  150°  (302°  F.),  and  decomposing  at  200°.  Carbon  disulphide 
freely  dissolves  sulphur,  and  by  spontaneous  evaporation  deposits  the  latter 
in  beautiful  crystals:  it  also  dissolves  phosphorus,  iodine,  camphor,  and 
caoutchouc,  and  mixes  easily  with  oils.  It  is  extensively  used  in  the  vul- 
canization of  caoutchouc,  and  in  the  manufacture  of  gutta-percha,  also 
for  extracting  bitumen  from  mineral  substances,  and  oil  from  seeds. 

Carbon  disulphide  unites  with  metallic  sulphides,  forming  salts  called 
sulpkocarbonales,  which  have  the  composition  of  carbonates  with  the  oxygen 
replaced  by  sulphur.  By  treating  the  ammonium  salt  with  dilute  sulphuric 
or  hydrochloric  acid,  an  oily  acid  liquid  is  precipitated,  consisting  of 
hydrogen  sulphocarbonate,  or  sulphocarbonic  acid.f 

Compounds  of  Sulphur  with  Chlorine. 

When  dry  chlorine  is  passed  over  the  surface  of  sulphur  kept  melted  in 
a  small  glass  retort  connected  with  a  good  condensing  arrangement,  a  deep 
orange-yellow  mobile  liquid  distils  over,  having  a  peculiar  and  disagree- 
ible  odor,  and  boiling  at  136°  (276°  F.).  As  this  substance  dissolves  both 
sulphur  and  chlorine,  it  is  not  easy  to  obtain  it  in  a  pure  and  definite 
slate.  It  contains  32  parts  sulphur  and  35 '5  chlorine,  and  is  called  sulphur 
monochloride  (or  subchloride),  also  chlorine  bisulphide,  t 

It  is  instantly  decomposed  by  water,  hydrochloric  and  hyposulphurous 
acids  being  formed,  and  sulphur  separated.  The  hyposulphurous  acid  in 
its  turn  decomposes  into  sulphur  and  sulphurous  acid.}  By  exposing  the 
above  compound  for  a  considerable  time  to  the  action  of  chlorine,  and  then 
distilling  it  in  a  stream  of  the  gas,  a  deep-red  liquid  is  obtained,  at  a  cer- 
tain stage  of  the  distillation,  heavier  than  water,  boiling  at  164°,  and  con- 
taining twice  as  much  chlorine  as  the  monochloride,  hence  called  sulphur 
dieklonde  or  chlorine  monosulphids.\\  It  appears,  however,  to  be  not  a  definite 
compound  of  sulphur  and  chlorine,  but  a  mixture  of  the  preceding  with 
the  following  compound. 

A  compound  called  sulphur  tetrachloride^  containing  82  parts  of  sulphur 
to  142  parts  of  chlorine,  appears  to  exist  in  combination  with  certain  me- 
tallic chlorides,  but  is  not  known  in  the  separate  state.  According  to 
Carina,**  the  red-brown  liquid,  obtained  as  above  mentioned  by  saturating 
chlorine  disulphide  with  chlorine,  is  a  mixture  of  the  monochloride  and 


t  Cfttetem  carbonate     .    .    .    OQjOa  =       00*0*0 

Gkldnm  sttlpho-carbcmate .    CS»Ca  =        CS*Ca8 

Rjdrogeo  sulpho-c*rbowite  CSjff,  =        CSjHjS 

I       28^  +  3H*>    =     4HC1       +  8,        +        8AH,       (or  SO^H,    +        8) 

Sulphur    Water.    Hydrochloric  Sulphur.          Hyporal-    Bulphurona       Sulphur. 

moBochlorkle.                     acid.  phurous  acid.      acid. 

|  SO,  or  SfiL  +  SCI*  f  8CI4.      m  ^     M  _       rM 

«•  ana.  (S'pWm.  cvf.  201 ;  ex.  200 ;  ate  alio  Watte'*  Dictionary  of  Chemistry,  v.  68ft. 
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tetrachloride  in  various  proportions!  according  to  the  temperature  at  which 
the  saturation  is  effected. 

Cabboic  Oxtchlobidk.* —  This  compound,  also  called  photgene  &4U,  has 
been  already  mentioned.  It  is  produced  by  the  direct  combination  of 
chlorine  and  carbon  monoxide  under  the  influence  of  sunshine:  but  is 
more  easily  prepared  by  passing  carbon  monoxide  into  boiling  antimony 
pentachlorides.    It  must  be  received  over  mercury,  as  water  decomposes  it. 

Carbon  Sulphochlobide.| —  This  compound,  the  sulphur-analogue  of 
the  preceding,  is  produced,  together  with  chlorine  monosulphide,  by  the 
action  of  dry  chlorine  on  carbon  disulphide,}  or  by  passing  a  mixture  of 
hydrogen  sulphide  and  vapor  of  carbon  tetrachloride  through  a  red-hot 
tube.}  It  is  a  yellow  liquid  baring  a  very  irritating  odor,  not  acted  upon 
by  water  or  acids,  but  decomposed  by  potash,  yielding  potassium  sulphide, 
potassium  carbonate,  and  carbon  tetrachloride.  |) 

Sulphttb  and  Bbomine. — Bromine  dissolves  sulphur,  forming  a  brown- 
red  liquid  probably  containing  a  sulphur  bromide  analogous  to  sulphur 
monochloride ;  but  it  has  not  been  obtained  pure. 

Sulphur  and  Iodine.  —  These  elements  combine  when  heated  together, 
even  under  water.  The  resulting  compound,  containing  32  parts  of  sulphur 
and  127  parts  of  iodine, f  is  a  blackish-gray  radio-crystalline  mass,  resem- 
bling native  antimony  sulphide.  It  decomposes  at  higher  temperatures, 
gives  off  iodine  on  exposure  to  the  air,  and  is  insoluble  in  water.  By 
heating  254  parts  of  iodine  with  82  parts  of  sulphur,**  a  compound  is 
obtained  which  smells  like  iodine,  and  is  said  to  be  a  powerful  remedy  in 
skin-diseases.  A  cinnabar-red  sulphur  iodide  is  obtained,  according  to 
Grosourdi,  by  precipitating  iodine  trichloride  with  hydrogen  sulphide. 


This  is  a  very  rare  substance,  much  resembling  sulphur  in  its  chemical 
relations,  and  found  in  association  with  that  element  in  some  few  localities, 
or  replacing  it  in  certain  metallic  combinations,  as  in  the  lead  selenide  of 
Clausthal  in  the  Hartz. 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent,  and  hav- 
ing an  imperfect  metallic  lustre.  Its  specific  gravity,  when  rapidly  cooled 
after  fusion,  is  4-8.  At  100°,  or  a  little  above,  it  melts,  and  boils.  It  is 
insoluble  in  water,  and  exhales,  when  heated  in  the  air,  a  peculiar  and 
disagreeable  odor,  which  has  been  compared  to  that  of  decaying  horse- 
radish :  it  is  insoluble  in  alcohol,  but  dissolves  slightly  in  carbon  bisulphide, 
from  which  solution  it  crystallizes. 

Two  oxides  of  selenium  are  known.  The  one  containing  the  smallest 
proportion  of  oxygen  is  formed  by  the  imperfect  combustion  of  selenium 
in  air  or  oxygen  gas.  It  is  a  colorless  gas  which  is  the  source  of  the  pe- 
culiar horse-radish  odor  above  mentioned.     Its  composition  is  not  known. 

The  higher  oxide,  called  lelemotu  oxide,  is  produced  by  burning  selenium 

•  COO,.  tOBCl* 

tea.        +       CI4        =        cacii        +        scu 

JocL  +  8H,  =  2HC1  +  CSO,. 

J  2C8C1,      +      SKgO      =      2KtB      +      COjK,     +      CO*. 
1  8*.  ***+ 
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in  a  stream  of  oxygen  gas;  it  contains  79-5  parts,  by  weight,  of  selenium, 
&nd  32  of  oxygen.  It  is  a  white  solid  substance  which  absorbs  water 
rapidly,  forming  a  hydrate,  vis. : 

Selenium.    Oxygen.    Hydrogen.    Selenious     Water, 
oxide. 

iSft- -LS}    •    .*"  +  «  +  *«  in-*  + 1« 

This  acid,  analogous  in  composition  and  properties  to  sulphurous  acid,  is 
likewise  produced  by  dissolving  selenium  in  nitric  or  nitro-muriatio  acid. 
It  is  deposited  from  its  hot  aqueous  solution  by  slow  cooling  in  prismatic 
crystals  like  those  of  saltpetre;  but  when  the  solution  is  evaporated  to 
dryness,  the  selenious  acid  is  resolved  into  water  and  selenious  oxide,  which 
sublimes  at  a  higher  temperature. 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sulphuric  acid 
in  the  energy  of  its  reactions.  It  reddens  litmus,  decomposes  carbonates 
with  effervescence,  and  decomposes  nitrates  and  chlorides  with  aid  of  heat. 
Its  solution  precipitates  lead  and  silver  salts,  and  is  decomposed  by  hydro- 
gen sulphide,  yielding  a  precipitate  of  selenium  sulphide.* 

The  metallic  selenites  resemble  the  sulphites.  When  heated  with  sodium 
carbonate  in  the  inner  blowpipe  flames,  they  emit  the  characteristic  odor 
of  selenium.    They  are  not  decomposed   by  boiling  with  hydrochloric  acid. 

SeUnie  Add  is  a  more  highly  oxidized  acid  of  selenium,  analogous  to 
sulphuric  acid,  and  containing  79*4  parts,  by  weight,  of  selenium,  64  of 
oxJgtu,  *ud  2  of  hydrogen,  f  The  corresponding  anhydrous  oxide  is  not 
known.  Selenic  acid  is  prepared  by  fusing  potassium  or  sodium  nitrate 
with  selenium,  precipitating  the  selenate  so  produced  with  a  lead  salt,  and 
then  decomposing  the  compound  with  hydrogen  sulphide.  The  acid  strongly 
resembles  oil  of  vitriol;  but,  when  very  much  concentrated,  decomposes, 
by  the  application  of  heat,  into  selenious  acid  and  oxygen.  The  selenates 
bear  the  closest  analogy  to  the  sulphates  in  almost  every  particular.  They 
are  decomposed  by  boiling  with  hydrochloric  acid,  chlorine  being  evolved 
and  a  salt  of  selenious  acid  being  produced. 

Htdbogbh  Sklxnidb  ;  Sxlbnhtdbio  Acid  ;  Sblenettbd  Hydrogen.  — 
This  substance  is  produced  by  the  action  of  dilute  sulphuric  acid  upon  po- 
tassium or  iron  selenide.  It  very  much  resembles  sulphuretted  hydrogen, 
being  a  colorless  gas,  freely  soluble  in  water,  and  decomposing  metallic 
solutions  like  that  substance :  insoluble  selenides  are  thus  produced.  This 
gas  is  said  to  act  very  powerfully  upon  the  lining  membrane  of  the  nose, 
exciting  catarrhal  symptoms,  and  destroying  the  sense  of  smell.  It  contains 
79*4  parts  selenium  and  2  parts  hydrogen.  J 
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This  element  possesses  many  of  the  characters  of  a  metal,  but  it  bears 
to  close  a  resemblance  to  selenium,  both  in  its  physical  properties  and  its 
chemical  relations,  that  it  is  most  appropriately  placed  in  the  same  group 
with  that  body.     Tellurium  is  found  in  a  few  scarce  minerals  in  association 

•    SeO.II,     +       ISIF*       =       80Hf       +       BeS* 
Seleoiooa  Hydrogen  Water, 

acid.  sulphide. 

t  Selenic  add,  8e04Hr 
tSeH,. 
18 
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with  gold,  silver,  lead,  and  bismuth,  apparently  replacing  sulphur t  and  is 
most  easily  extracted  from  the  bismuth  sulpho-telluride  of  Chemnitz  in 
Hungary.  The  finely  powdered  ore  is  mixed  with  an  equal  weight  of  dry 
sodium  carbonate,  the  mixture  made  into  a  paste  with  oil,  and  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodium  telluride  and  sulphide  are 
thereby  produced,  and  metallic  bismuth  is  set  free.  The  fused  mass  is  die- 
solved  in  water,  and  the  solution  freely  exposed  to  the  air,  when  the  sodium 
and  sulphur  oxidise  to  sodium  hydrate  and  hyposulphite,  while  the  tellu- 
rium separates  in  the  metallic  state. 

Tellurium  has  the  color  and  lustre  of  silver :  by  fusion  and  slow  cooling 
it  may  be  made  to  exhibit  the  form  of  rhombohedral  crystals  similar  to 
those  of  antimony  and  arsenic.  It  is  brittle,  and  a  comparatively  bad  con- 
ductor of  heat  and  electricity:  it  has  a  density  of  6*26,  melts  at  a  little 
below  a  re  d-heat,  and  volatilizes  at  a  higher  temperature.  Tellurium  burns 
when  heated  in  the  air,  and  is  oxidized  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition  to  the  oxides  of 
sulphur,  and  likewise  forming  acids  by  combination  with  water. 

Composition  by  weight* 

Tellurium.    Oxygen.    Hydrogen. 
Tellurous  oxide     .        .        .128    +     82 

acid  .         .  128     +     48     +    2 

Telluric     oxide     .         .        .     128    +     48 

acid    .        .        .        128+64    +    2 

Tellurous  Oxide  may  be  prepared  by  heating  the  precipitated  acid  to 
low  redness.  It  also  separates  in  semi-crystalline  grains  from  the  aqueous 
solution  of  the  acid  when  gently  heated;  more  abundantly  and  in  well 
defined  octohedrons  from  the  solution  of  tellurous  acid  in  nitric  acid.  It 
is  fusible  and  volatile,  slightly  soluble  in  water,  but  does  not  redden  litmus. 
When  fused  with  alkaline  hydrates  or  carbonates,  it  forms  tellurites. 

Tellurous  Acid  is  best  obtained  by  decomposing  tellurium  tetrachloride 
with  water.  It  may  also  be  prepared  by  dissolving  tellurium  in  nitric  acid 
of  spec.  gr.  1*25,  and  pouring  the  solution,  after  a  few  minutes,  into  a 
mass  of  water.  By  either  process  it  is  obtained  as  a  somewhat  bulky  pre- 
cipitate, which,  when  dried  over  oil  of  vitriol,  appears  as  a  light,  white, 
earthy  mass,  having  a  bitter  metallic  taste.  It  is  slightly  soluble  in  water, 
more  easily  soluble  in  alkalies  and  acids,  the  nitric  acid  solution  alone  being 
unstable.  Sulphurous  acid,  zinc,  phosphorus,  and  other  reducing  agents, 
precipitate  metallic  tellurium  from  the  acidified  solution  of  tellurous  acid. 
Like  selenious  acid,  it  is  decomposed  by  hydrogen  sulphide  and  alkaline 
sulph-hydrates,  with  formation  of  a  dnrk-brown  tellurium  sulphide,  which 
dissolves  readily  in  excess  of  alkaline  sulph-hydrate,  forming  a  sulpho- 
tellurite. 

Tellurous  acid  is  a  hydrate  in  which  the  ncid  and  basio  tendencies  are 
nearly  balanced ;  in  other  words,  the  tellurium  of  the  compound  can  replace 
the  hydrogen  of  an  acid  to  form  tellurous  salts,  and  the  hydrogen  of  the 
compound  can  be  replaced  by  the  basylous  metals,  to  form  metallic  tellu- 
rites.!   The  tellurites  of  potassium,  sodium,  barium,  strontium,  and  cal- 

•  Tellurous  oxide  TeO| 

acid    TeOjH,    =    TeOtOH* 

Telluric    oxide  TeO, 
.  acid    Te04Ht    =    TeO,.OHr 


Tellurium  Salts. 
r«<a>4)i    Sulphate. 
refNOi)*  Nitrate. 
re<C,04),  Oxalate. 
reCL       Chloride. 


Tellurites. 
TeO,Ht         Hydrogen  tellurite. 
—--»■»  Potamium  tellurite. 

lydrogen  and  potassium  tellurite. 

Mhydropotaaaic  tellurite. 


xeufcat  nyan 
TeC^Kt  Pot«« 
TeujKH  Ilydrt 
(TW&KHjTrihy 
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eiara,  are  formed  by  fusing  tellurous  oxide,  or  acid,  with  the  carbonates 
of  the  several  metals  in  the  required  proportions.  These  tellurites  are 
all  more  or  less  soluble  in  water.  The  tellurites  of  the  other  metals,  which 
are  insoluble,  are  obtained  by  precipitation. 

Tillurio  Oxide  and  Acid.  — Equal  parts  of  tellurous  oxide  and  sodium 
carbonate  are  fused,  and  the  product  is  dissolved  in  water;  a  little  sodium 
hydrate  is  added,  and  a  stream  of  chlorine  passed  through  the  solution. 
The  liquid  is  next  saturated  with  ammonia,  and  mixed  with  solution  of 
barium  chloride,  by  which  a  white  insoluble  precipitate  of  barium  tellurate 
is  thrown  down.  This  is  washed  and  digested  with  a  quarter  of  its  weight 
of  sulphuric  acid,  and  diluted  with  water.  The  filtered  solution  gives,  on 
evaporation  in  the  air,  large  crystals  of  telluric  acid,  containing  water  of 
crystallization.* 

Crystallized  telluric  acid  is  freely,  although  slowly,  soluble  in  water ;  it 
has  a  metallic  taste,  and  reddens  litmus-paper.  The  crystals  give  off  their 
water  of  crystallization  at  100°,  and  the  remaining  acid,  when  strongly 
heated,  gives  off  more  water  and  yields  the  anhydrous  oxide,  which  is  then 
insoluble  in  water,  and  even  in  a  boiling  alkaline  liquid.  At  the  temperature 
of  ignition,  telluric  oxide  loses  oxygen,  and  passes  into  tellurous  oxide. 

The  tellurates  of  the  alkali-metals  f  are  soluble  in  water,  and  are  prepared 
by  dissolving  the  required  quantities  of  telluric  acid  and  an  alkaline  car- 
bonate in  hot  water.  The  other  tellurates  are  insoluble,  and  are  obtained 
by  precipitation. 

Tellueium  Sulphides.  J  —  Tellurium  forms  two  sulphides,  analogous  in 
composition  to  the  oxides ;  they  are  formed  by  the  action  of  hydrogen  sul- 
phide on  solutions  of  tellurous  acid  and  telluric  acid  respectively.  They 
are  brown  or  black  substances,  which  unite  with  metallic  sulphides,  forming 
Baits  called  sulphotellurites  and  sulphotellurates. 

Htdbogxh  Tbllurtde.  —  Tellurhydric  acid,  Hydro  telluric  acid,  or  Telluretted 
Bjfdrogtn.  \  —  This  compound  is  a  gas,  resembling  sulphuretted  and  seleni- 
etted  hydrogen.  It  is  prepared  by  the  action  of  hydrochloric  acid  on  zino 
teUuride.  It  dissolves  in  water,  forming  a  colorless  liquid,  which  precipi- 
tates most  metals  from  their  solutions,  and  deposits  tellurium  on  exposure 
to  the  air. 

Tillcuitjm  Chlorides.  || — Tellurium  forms  a  dichloride  and  a  tetra- 
chloride, both  volatile  and  decomposable  by  excess  of  water,  the  latter  being 
completely  resolved  into  tellurous  and  hydrochloric  acids. fl  The  tetra- 
chloride unites  with  the  chlorides  of  the  alkali-metals,  to  form  crystallizable 
double  salts. 

The  bromide*  and  iodides  of  tellurium  correspond  to  the  chlorides  in  prop- 
erties and  composition. 

•  Crystallised  telluric  acid,  TeOiB^OH,;  add  dried  at  100°  TeOfHf. 
•      f  Neutral  potaMiuni  tellurate        ....       Te04K, 

Add Te04KH 

Qaariradd     .  TcOfKH.TeOA 

Anhydronn  quadrltelltirate TeO.K8.3Te04. 

1  TeS.  and  Teg*  \  TeHt.  8  TeCl,  and  TeCl* 

tTeCU      +       8H,0    =    41101         +       TeOtH* 
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B0B0H. 

This  element,  the  basis  of  borie  or  boracic  acid,  is  prepared  by  heating 
the  doable  fluoride  of  boron  and  potassium  with  metallic  potassium  in 
a  small  iron  vessel,  and  washing  out  the  soluble  salts  with  water.  It  is  a  dull, 
greenish-brown  powder,  which  burns  in  the  air  when  heated,  producing 
boric  oxide.  Nitric  acid,  alkalies  in  the  fused  state,  chlorine,  and  other 
agents,  attack  it  readily. 

By  a  process  analogous  to  that  adopted  for  the  preparation  of  the  diamond 
variety  of  silicium,  Wohler  and  Deville  have  procured  also  the  correspond- 
ing modification  of  boron.  It  crystallises  in  square  octohedrons,  generally 
of  a  brownish  color,  possessing  very  nearly  the  hardness  and  refractive 
power  of  diamond.  It  is  infusible  in  the  flame  of  the  oxy-hydrogen  blow- 
pipe, but  burns  in  oxygen  at  the  same  temperature  at  which  the  diamond 
is  oxidized.     Its  specific  gravity  is  2*68. 

By  fusing  boric  oxide  with  aluminium,  Wohler  and  Deville  likewise  ob- 
tained, together  with  diamond  boron,  a  small  quantity  of  graphite-like 
substance  which  they  at  first  regarded  as  a  graph itoidal  modification  of 
boron ;  but  by  more  recent  experiments,  they  have  found  that  it  is  a  com- 
pound of  boron  with  aluminium.  This  compound  is  obtained  in  larger 
quantity  by  passing  the  vapor  of  boric  chloride  over  fused  aluminium.  It 
crystallizes  in  thin  opaque  six-sided  plates,  having  a  pale  copper-color,  and 
perfect  metallic  lustre. 

Boric  Oxide  and  Acid.*  —  There  is  but  one  oxide  of  boron,  namely, 
boric  oxide,  containing  11  parts  of  boron  and  48  of  oxygen.  It  unites 
with  water  and  metallic  oxides,  forming  boric  acid  and  metallic  borates. 

Boric  or  Boracic  Acid,  or  Hydrogen  Borate,  contains  11  parts  boron,  48 
oxygen,  and  8  hydrogen,  or  7  parts  boric  oxide,  and  64  water.  It  is  found 
in  solution  in  the  water  of  the  hot  voloanic  lagoons  of  Tuscany,  whence  a 
large  supply  is  at  present  derived.  It  is  also  easily  made  by  decomposing 
with  sulphuric  acid  a  hot  solution  of  borax,  a  salt  brought  from  the  East 
Indies,  consisting  of  sodium  borate. 

Boric  acid  crystallizes  in  transparent  colorless  plates,  soluble  in  about  26 
parts  of  cold  water,  and  in  a  much  smaller  quantity  at  the  boiling  heat ; 
the  acid  has  but  little  taste,  and  feebly  affects  vegetable  colors.  When 
heated,  it  loses  water,  and  melts  to  a  glassy  transparent  mass  of  anhydrous 
boric  oxide,  which  dissolves  many  metallic  oxides  with  great  ease.  The 
crystals  dissolve  in  alcohol,  and  the  solution  burns  with  a  green  flame. 

Glassy  boric  oxide,  in  a  state  of  fusion  requires  for  its  dissipation  in 
vapor  a  very  intense  and  long-continued  heat ;  the  aqueous  solution  cannot, 
however,  be  evaporated  without  very  appreciable  loss  by  volatilization: 
hence  it  is  probable  that  the  acid  is  far  more  volatile  than  the  anhydrous 
oxide. 

By  heating  in  a  glass  flask  or  retort,  1  part  of  vitrified  boric  oxide,  2  of 
fluor-spar,  and  12  of  oil  of  vitriol,  a  gaseous  boron  fluoride  f  may  be  obtained, 
and  received  in  glass  jars  standing  over  mercury.  It  is  a  transparent  gas, 
easily  soluble  in  water,  and  very  heavy ;  it  forms  a  dense  fume  in  the  air,  like 
the  fluoride  of  silicium. 

Boron  Nitbidb.J  —  This  compound,  containing  11  parts  of  boron  and  14 
of  nitrogen,  is  produced  by  heating  borio  oxide  with  metallic  cyanides,  or 

•  Boric  oxide,  BjO*.    Borio  add,  BjOfc  SHjO,  or  BO»H* 
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by  beating  to  bright  redness  a  mixture  of  sal-ammoniac  and  pure  anhy- 
drous borax.*  It  is  a  white  amorphous  powder,  insoluble  in  water,  infus- 
ible and  non-volatile.  When  heated  in  a  current  of  steam,  it  yields  ammonia 
and  boric  oxide,  f  and  likewise  gives  off  a  large  quantity  of  ammonia  when 
fused  with  potash. 

Boron  CnUoride\  was  formerly  believed  to  be  a  permanent  gas :  recent  re- 
searches have  proved  that  it  is  a  liquid,  boiling  at  17°,  decomposed  by 
water,  with  production  of  borio  and  hydrochlorio  acids,  and  fuming  strongly 
in  the  air.  It  may  be  most  easily  obtained  by  exposing  to  the  action  of 
dry  chlorine  at  a  very  high  temperature  an  intimate  mixture  of  glassy 
boric  oxide  and  charcoal.  It  resembles  in  constitution  the  lower  chloride 
of  phosphorus. 

There  is  also  a  Boron  bromide  J  of  similar  constitution. 


8HICITOL 


8iticium,  sometimes  called  silicon,  in  union  with  oxygen  constituting 
silica,  or  the  earth  of  flints,  is  a  very  abundant  substance,  and  one  of  great 
importance.  It  enters  largely  into  the  composition  of  many  of  the  rocks 
and  mineral  masses  of  which  the  surface  of  the  earth  is  composed.  The 
following  process  yields  silicium  most  readily.  The  double  fluoride  of  si- 
Ucinm  and  potassium  is  heated  in  a  glass  tube  with  nearly  its  own  weight 
of  metallic  potassium ;  violent  reaction  ensues,  and  silicium  is  set  free. 
When  cold,  the  contents  of  the  tube  are  put  into  cold  water,  which  removes 
the  saline  matter  and  any  residual  potassium,  and  leaves  the  silicium  un- 
touched. So  prepared,  silicium  is  a  dark-brown  powder,  destitute  of  lustre. 
Heated  in  the  air,  it  burns,  and  becomes  superficially  converted  into  silica. 
It  is  also  acted  upon  by  sulphur  and  by  chlorine.  When  silicium  is  strongly 
heated  in  a  covered  crucible,  its  properties  are  greatly  changed;  it  becomes 
darker  in  color,  denser,  and  incombustible,  refusing  to  burn  even  when 
heated  by  the  flame  of  the  oxy-hydrogen  blowpipe. 

According  to  recent  researches  by  Wohler  and  Deville,  silicium,  like 
carbon,  is  capable  of  existing  in  three  different  modifications.  The  modi- 
fication above  mentioned  corresponds  to  the  amorphous  variety  of  carbon 
(lampblack).  The  researches  just  quoted  have  established  the  existence  of 
modifications  corresponding  to  the  diamond,  and  to  the  graphite  variety 
of  carbon.  The  diamond  modification  of  silicium  is  most  readily  obtained 
by  introducing  into  a  red-hot  crucible  a  mixture  of  3  parts  of  potassium 
eilico-fluoride,  I  part  of  sodium  in  small  fragments,  and  1  part  of  granu- 
lated tine,  and  heating  to  perfect  fusion.  On  slowly  cooling,  there  is 
formed  a  button  of  zinc,  covered  and  interspersed  with  needle-shaped 
crystals  consisting  of  octohedrons,  joined  in  the  direction  of  the  axis.  This 
crystallised  silicium,  which  may  be  readily  freed  from  sine  by  treatment 
with  acids,  resembles  crystallized  haematite  in  color  and  appearance :  it 
scratches  glass,  and  fuses  at  a  temperature  approaching  the  melting-point 

•      NajO.ZBjO,  +       2NH<C1  =     2BN      +     B-O,  -f     2NaCl      +     40H, 

Anhydrous  Ammonium         Boron            Boric           8odium           Water, 

•odhim  borate.  chloride.           nitride.           oxide.          chloride, 

t         2BN  +        30H,  =  2NH,  +  BjO» 

Boron  nitride.  Water.                   Ammonia.  Boric  oxide. 
t  BO,.                                                               I  BBr* 
J8* 
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of  cast  iron.  The  graphite  modification  of  silicium  is  prepared  by  fusing, 
in  a  Hessian  crucible,  5  parts  of  soluble  glass  (potassium  silicate),  10  parts 
of  cryolite  (sodium  and  aluminium  fluoride),  with  1  part  of  aluminium. 
On  treating  the  resulting  button  of  aluminium  with  hydrochloric  acid,  the 
silicium  remains  in  the  form  of  scaly  crystals,  resembling  graphite,  but  of 
somewhat  brighter  color,  scratching  glass,  like  the  previous  modification. 
It  is  infusible.     Its  specific  gravity  is  2-49. 

130  Silica,  or  Silicic  Oxide.  —  This  is  the  only  known  oxide : 

'9'  it  contains  28  parts  silicium  and  32  parts  oxygen.*    Color- 

lens  transparent  rock-crystal  consists  of  silica  very  nearly 
in  a  state  of  purity;  common  quartz,  agate,  chalcedony, 
Hint,  and  several  other  minerals,  are  also  chiefly  composed 
of  this  substance. 

The  experiment  about  to  be  described  furnishes  silica  in  a 
state  of  complete  purity,  and  at  the  same  time  exhibits  ono  of 
the  most  remarkable  properties  of  silicium  —  namely,  its  at- 
traction for  fluorine.  A  mixture  is  made  of  equal  parts  fluor- 
spar and  glass,  both  finely  powdered  and  introduced  into  a 
glass  flask,  with  a  quantity  of  oil  of  vitriol.  A  tolerably 
wide  bent  tube,  fitted  to  the  flask  by  a  cork,  passes  to  the 
bottom  of  a  glass  jar,  into  which  enough  mercury  is  poured 
to  oover  the  extremity  of  the  tube.  The  jar  is  then  half  filled  with  water, 
and  heat  is  applied  to  the  flask. 

The  first  effect  is  the  disengagement  of  hydrofluoric  acid:  this  sub- 
stance, however,  finding  itself  in  contact  with  the  silica  of  the  powdered 
glass,  undergoes  decomposition,  water  and  silicium  fluoride  being  produced. 
The  latter  is  a  permanent  gas,  which  escapes  from  the  flask  by  the  bent  tube. 
By  contact  with  a  large  quantity  of  water,  it  is  in  turn  decomposed,  yield- 
ing silica,  which  separates  in  a  beautiful  gelatinous  condition,  and  an  acid 
liquid,  which  is  a  double  silicium  and  hydrogen  fluoride,  commonly  called 
hydrofluosilicio  or  silicofluoric  acid.f  The  silica  may  be  collected  on  a 
cloth  filter,  well  washed,  dried,  and  heated  to  redness  to  expel  water. 

The  acid  liquid  is  kept  as  a  test  for  barium  and  potassium,  with  which 
it  forms  nearly  insoluble  precipitates,  the  double  fluoride  of  silicium  and 
potassium  being  used,  as  was  stated,  in  the  preparation  of  silicium.  Sili- 
cium fluoride,  instead  of  being  condensed  into  water,  may  be  collected  over 
mercury:  it  is  a  permanent  gas,  destitute  of  color,  and  very  heavy.  Ad- 
mitted into  the  air,  it  condenses  the  moisture  of  the  latter,  giving  rise  to  a 
thick  white  cloud.  It  is  important  in  the  experiment  above  described  to 
keep  the  end  of  the  delivery-tube  from  touching  the  water  of  the  jar,  other- 
wise it  almost  instantly  becomes  stopped :  the  mercury  effects  this  object. 

Pure  silica  may  also  be  prepared  by  another  method,  which  is  very  in- 
structive, inasmuch  as  it  is  the  basis  of  the  proceeding  adopted  in  the  ana- 
lysis of  all  siliceous  minerals.  Powdered  rock-crystal  or  fine  sand  is 
mixed  with  about  three  times  its  weight  of  dry  sodium  carbonate,  and  the 
mixture  fused  in  a  platinum  crucible.  When  cold,  the  glassy  mass  is  boiled 
with  water,  by  which  it  is  softened  and  almost  entirely  dissolved.  An  ex- 
cess of  hydrochloric  acid  is  then  added  to  the  filtered  liquid,  and  the  whole 

*  SiOb. 

+  (1)  Reaction  of  hydro-fluoric  acid  upon  silica : 

4IIF  +  SiOfc    =    2011,        -f        8iP4 

Hydrofluoric  Silica.         Water.  Silicium 

acid.  fluoride. 


(2)  Decomposition  of  fluoride  of  silicium  by  water: 
SiF4      +       OH,     =     8iO*     +     iHF,SiF4 
Silicium  Water.  BBftca.         Hydrofluo- 

flnoride.  — ^  «Mk*c  acid. 
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evaporated  to  complete  dryness.  By  this  treatment  the  gelatinous  silica 
thrown  down  by  the  acid  becomes  completely  insoluble,  and  remains  behind 
when  the  dry  saline  mass  is  treated  with  acidulated  water,  by  which  the 
alkaline  salts,  alumina,  ferric  oxide,  lime,  and  many  other  bodies  which 
may  happen  to  be  present,  are  removed.  The  silica  is  washed,  dried,  and 
heated  to  redness. 

The  most  prominent  characters  of  silica  are  the  following:  it  is  a  Tery 
fine,  white,  tasteless  powder,  having  a  density  of  about  2-60,  fusible  only 
by  the  oiy-bydrogen  blowpipe.  When  once  dried,  silica  is  not  sensibly 
soluble  in  water  or  dilute  acids  (with  the  exception  of  hydrofluoric  acid). 
Bui  on  adding  hydrochloric  acid  to  a  very  dilute  solution  of  potassium  sili- 
cate, the  liberated  silica  remains  in  solution.  From  this  mixed  solution  of 
silica  and  potassium  chloride,  the  latter  may  be  separated  by  diffusion 
(comp.  p.  149),  whereby  a  moderately  concentrated  solution  of  silica  in 
water  is  obtained.  This  solution  has  a  distinctly  acid  reaction :  it  presents, 
however,  bat  little  stability.  When  kept  for  some  time,  it  gelatinizes,  the 
silica  separating  in  the  insoluble  modification.  The  same  effect  is  produced 
by  the  addition  of  a  few  drops  of  sulphuric  or  nitric  acid,  or  of  a  solution 
of  salt. 

Silica  is  essentially  an  acid  oxide,  forming  salts  with  basic  metallic 
oxides,  and  decomposing  all  salts  of  volatile  acids  when  heated  with  them. 
In  strong  alkaline  liquids  it  is  freely  soluble.  When  heated  with  bases, 
especially  those  which  are  capable  of  undergoing  fusion,  it  unites  with 
them  and  forms  salts,  which  are  sometimes  soluble  in  water,  as  in  the  case 
of  the  potassium  and  sodium  silicates,  when  the  proportion  of  base  is  con- 
siderable. Common  glass  is  a  mixture  of  several  silicates,  in  which  the 
reverse  of  this  happens,  the  silica  being  in  excess.  Even  glass,  however, 
is  slowly  acted  upon  by  water. 

Finely  divided  silica  is  highly  useful  in  the  manufacture  of  porcelain. 

Silicium  Hydride,  or  Silicated  Hydrogen,  was  discovered  by  Buff  and 
"Nobler,  who  obtained  this  gas  by  passing  an  electric  current  through  a 
solution  of  sodium  chloride,  the  positive  pole  employed  consisting  of  alu- 
minium containing  silicium.  More  recently  Wohler  and  Martius  produced 
this  gas  by  treating  magnesium  containing  silicium  with  hydrochloric  acid. 
Both  methods  yield  silicium  hydride  mixed  with  free  hydrogen.  Friedel 
and  Ladenbufg,  however,  by  a  process  which  will  be  described  further  on, 
have  obtained  it  pure,  and  shown  that  it  consists  of  28  parts  by  weight  of 
silicium  and  4  parts  of  hydrogen.*  Silicium  hydride  is  a  colorless  gas.  In 
the  impure  state,  as  obtained  by  the  two  processes  above  given,  it  takes 
fire  spontaneously  on  coming  in  contact  with  the  air,  and  burns  with  a 
white  flame  evolving  clouds  of  silica.  Pure  silicium  hydride,  however,  does 
not  ignite  spontaneously  under  the  ordinary  atmospheric  pressure ;  but  on 
passing  a  bubble  of  air  into  the  rarefied  gss  standing  over  mercury,  it  takes 
fire,  and  yields  a  deposit  of  amorphous  silicium  mixed  with  silica.  On 
passing  silicium  hydride  through  a  red-hot  tube,  it  is  decomposed,  silicium 
being  deposited. 

Compounds  of  Silicium  and  Chlorine.  —  Silicium  unites  directly  with 
ehlorine,  forming  a  tetrachloride.!  This  compound  is  obtained  by  mixing 
finely  divided  silica  with  charcoal  powder  and  oil,  Btrongly  heating  the 
mixture  in  a  covered  crucible,  and  then  exposing  the  mass  so  obtained  in  a 
porcelain  tube  heated  to  full  redness,  to  the  action  of  perfectly  dry  chlorine 
gas.  A  good  condensing  arrangement,  supplied  with  ice-cold  water,  must 
be  connected  with  the  porcelain  tube.  The  product  is  a  colorless  and  very 
volatile  liquid,  boiling  at  50°,  of  pungent,  suffocating  odor.     In  contact 

•  SiH*  t  S*C14. 
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with  water,  it  yields  hydrochloric  acid  and  gelatinous  silica.  This  sub- 
stance contains  28  parts  silicium  and  142  chlorine. 

When  hydrochloric  acid  gas  is  passed  over  crystallized  silicium,  heated 
to  a  temperature  below  redness,  a  very  volatile  inflammable  liquid  is  ob- 
tained, which,  when  purified  by  distillation,  has  the  composition  of  silicium 
hydrolrichloride*  containing  28  parts  silicium,  1  hydrogen,  and  106-5 
chlorine.  This  compound  is  decomposed  by  water,  forming  a  white  oxy- 
genated body,  probably  silicium  hydrotrioxide,\  which  by  prolonged  contact 
with  water  is  further  decomposed,  with  evolution  of  hydrogen  and  forma- 
tion of  silica. 

A  mixture  of  silicium  hydro  trichloride  and  bromine,  heated  to  100°  in  a 
closed  vessel,  becomes  dark-colored,  and  is  converted  into  the  bromotri- 
chloride.  J 

Silicium  tttrabromide,\  obtained  like  the  tetrachloride,  resembles  that 
compound,  but  is  less  volatile. 


Fig.  140. 
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Phosphorus  in  the  state  of  phosphoric  acid  is  contained  in  the  ancient 
un stratified  rocks,  and  in  the  lavas  of  modern  origin.  As  these  disintegrate 
and  crumble  down  into  fertile  soil,  the  phosphates  pass  into  the  organism 
of  plants,  and  ultimately  into  the  bodies  of  the  animals  to  which  these 
latter  serve  for  food.  The  earthy  phosphates  play  a  very  important  part 
in  the  structure  of  the  animal  frame,  by  communicating  stiffness  and  in- 
flexibility to  the  bony  skeleton. 

Phosphorus  was  discovered  in  1669  by  Brandt,  of  Hamburg,  who  pre- 
pared it  from  urine.  The  following  is  an  outline  of  the  process  now 
adopted.  Thoroughly  calcined  bones  are  reduced  to  powder,  and  mixed 
with  two  thirds  of  their  weight  of  sulphuric  acid  diluted  with  a  considerable 
quantity  of  water:  this  mixture,  after  standing  some  hours,  is  filtered,  and 
the  nearly  insoluble  calcium  sulphate  is  washed. 
The  liquid  is  then  evaporated  to, a  syrupy  con- 
sistence, mixed  with  charcoal  powder,  and  the 
desiccation  completed  in  an  iron  vessel  exposed 
to  a  high  temperature.  When  quite  dry,  it  is 
transferred  to  a  stoneware  retort,  to  which  a 
wide,  bent  tube  is  luted,  dipping  a  little  way 
into  the  water  contained  in  the  receiver.  A 
narrow  tube  serves  to  give  issue  to  the  gases, 
which  are  conveyed  to  a  chimney.  This  manu- 
facture is  now  conducted  on  a  very  large  scale, 
the  consumption  of  phosphorus,  for  the  appar- 
ently trifling  article  of  instantaneous-light 
matches,  being  something  prodigious. 

Phosphorus,  when  pure,  very  much  resembles 
in  appearance  imperfectly  bleached  wax,  and  is 
soft  and  flexible  at  common  temperatures.  Its 
density  is  1-77,  and  that  of  its  vapor  4-35,  air  being  unity,  or  62  referred 
to  hydrogen  as  unity.  It  melts  at  44°  (111°  F.),  and  boils  at  280°  (586°  F.). 
On  slowly  cooling  melted  phosphorus,  well  formed  dodecahedrons  are  some- 
times obtained.     It  is  insoluble  in  water,  and  is  usually  kept  immersed  in 


►  SiHCl, 
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that  liquid,  but  dissolves  in  oils,  in  native  naphtha,  and  especially  in  car- 
boa  bisulphide.  When  set  on  fire  in  the  air,  it  burns  with  a  bright  flame, 
general iug  phosphoric  oxide.  Phosphorus  is  exceedingly  inflammable;  it 
sometimes  takes  fire  by  the  heat  of  the  hand,  and  demands  great  care  in 
it*  management;  a  blow  or  hard  rub  will  very  often  kindle  it.  A  stick  of 
phospaorua  held  in  the  air  always  appears  to  emit  a  whitish  smoke,  which 
in  the  dark  is  luminous.  This  effect  is  chiefly  due  to  a  slow  combustion 
which  the  phosphorus  undergoes  by  the  oxygen  of  the  air,  and  upon  it 
depends  one  of  the  methods  employed  for  the  analysis  of  air,  as  already 
described.  It  is  singular  that  the  slow  oxidation  of  phosphorus  may  be 
entirely  prevented  by  the  presence  of  a  small  quantity  of  olefiant  gas,  or 
the  vapor  of  ether,  or  some  essential  oil ;  phosphorus  may  even  be  distilled 
in  an  atmosphere  containing  vapor  of  oil  of  turpentine  in  considerable 
quantity.  Neither  does  the  action  go  on  in  pure  oxygen — at  least,  at  the 
temperature  of  15-5°  (60°  F.),  which  is  very  remarkable;  but  if  the  gas 
be  rarefied,  or  diluted  with  nitrogen,  hydrogen,  or  carbonic  acid,  oxidation 
is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the  name  of 
amorphous  phosphorus.  It  was  discovered  by  Schr otter,  and  may  be  made 
by  exposing  common  phosphorus  for  fifty  hours  to  a  temperature  of  from 
240°  to  250°,  (464°-482  F°.),  in  an  atmosphere  which  is  unable  to  aot  chem- 
ically upon  it.  At  this  temperature  it  becomes  red  and  opaque,  and  insol- 
uble in  carbon  bisulphide,  whereby  it  may  be  separated  from  ordinary 
phosphorus.  It  may  be  obtained  in  compact  masses  when  common  phos- 
phorus is  kept  for  eight  days  at  a  constant  high  temperature.  It  is  a  coher- 
ent, reddish-brown,  infusible  substance,  of  specific  gravity  between  2-089 
and  2*106.  It  does  not  become  luminous  in  the  dark  until  its  temperature 
is  raised  to  about  200°,  nor  has  it  any  tendency  to  combine  with  the  oxygen 
of  the  air.  When  heated  to  260°  (500°  F.),  it  is  reconverted  into  ordinary 
phosphorus. 

Compounds  of  Phosphorus  and  Oxygen. 

When  phosphorus  is  melted  beneath  the  surface  of  hot  water,  and  a 
stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  combustion  ensues, 
and  the  phosphorus  is  converted  in  great  part  into  a  brick-red  powder, 
which  was  formerly  believed  to  be  a  peculiar  oxide  of  phosphorus;  but 
Schrotter  has  shown  that  it  is  a  mixture,  consisting  chiefly  of  amorphous 
phosphorus. 

There  are  two  definite  oxides  of  phosphorus,  in  which  the  quantities  of 
oxygen  united  with  the  same  quantity  of  phosphorus  are  to  one  another  as 
3  to  5,*  vis. : 

Composition  by  weight 

Phosphorus.     Oxygen. 
Phosphorus  Trioxide,  or  Phosphorous  oxide  62    4-    48 

Phosphorus  Pentoxide,  or  Phosphoric  oxide  62    +    80 

Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides  to 
form  salts,  called  phosphites  and  phosphates  respectively ;  the  hydrogen  salts 
being  also  called  phosphorous  and  phosphoric  acid.  There  is  also  another 
oxygen-acid  of  phosphorus,  containing  a  smaller  proportion  of  oxygen, 
called  hypophospkorous  acid,  to  which  there  is  no  corresponding  anhydrous 
oxide. 

Hypophosphorous  Aeidf — When  phosphorus  is  boiled  with  a  solution  of 

•In  symbols:  — 

Phosphorous  oxide      ....        PjO, 

Phosphoric  oxide P|0s* 

f  Hypophosphorons  acid  PO,H,. 
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potash  or  baryta,  water  is  decomposed,  giving  rise  to  phosphoretted  hy- 
drogen, phosphoric  acid,  and  hypophosphorous  acid;  the  first  escapes  as 
gas,  and  the  two  acids  remain  as  barium  Baits.*  By  filtration  the  soluble 
hypophosphite  is  separated  from  the  insoluble  phosphate.  On  adding  to 
the  liquid  the  quantity  of  sulphuric  acid  necessary  to  precipitate  the  base, 
the  hypophosphorous  acid  is  obtained  in  solution.  By  evaporation  it  may 
be  reduced  to  a  syrupy  consistence.  The  acid  is  very  prone  to  absorb  more 
oxygen,  and  is  therefore  a  powerful  deoxidixing  agent.  All  its  salts  are 
soluble  in  water. 

Phobphobous  Oxide  is  formed  by  the  slow  combustion  of  phosphorus  in 
the  atmosphere ;  or  by  burning  that  substance  by  -means  of  a  very  limited 
supply  of  dry  air,  in  which  case  it  is  anhydrous,  and  presents  the  aspect 
of  a  white  powder.  Photphorou*  acid  is  most  conveniently  prepared  by 
adding  water  to  the  trichloride  of  phosphorus,  when  mutual  decomposition 
takes  place,  the  oxygen  of  the  water  being  transferred  to  the  phosphorus, 
generating  phosphorous  acid,  and  its  hydrogen  to  the  chlorine,  giving  rise  to 
hydrochloric  acid.f  By  evaporating  the  solution  to  the  consistence  of  syrup, 
the  hydrochloric  acid  is  expelled,  and  the  residue,  on  cooling,  crystallizes. 

Phosphorous  acid  is  very  deliquescent  and  very  prone  to  attract  oxygen 
and  pass  into  phosphoric  acid.  When  heated  in  a  close  vessel,  it  is  resolved 
into  phosphoric  acid  and  pure  phosphoretted  hydrogen  gas.  It  is  composed 
of  110  parts  of  phosphorous  oxide  and  54  parts  of  water,  or,  31  phosphorus, 
48  oxygen,  and  8  hydrogen,  t 

The  phosphites  are  of  little  importance. 

Phosphoric  Oxide  (also  called  Anhydrous  Phosphoric  Acid,  or  Phosphoric 
Anhydride).  — When  phosphorus  is  burned  under  a  bell-jar  by  the  aid  of  a 
oopious  supply  of  dry  air,  snow-like  phosphoric  oxide  is  produced  in  great 
quantity.  This  substance  exhibits  as  much  attraction  for  water  as  sulphuric 
oxide :  exposed  to  the  air  for  a  few  moments,  it  deliquesces  to  a  liquid,  and 
when  thrown  into  water,  combines  with  the  latter  with  explosive  violence. 
The  water  then  taken  up  cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  in  a  retort  with  which 
a  receiver  is  connected,  and  fragments  of  phosphorus  are  added  singly, 
taking  care  to  suffer  the  violence  of  the  action  to  subside  between  each 
addition,  the  phosphorus  is  oxidized  to  its  maximum,  and  converted  into 
phosphoric  acid.  By  distilling  off  the  greater  part  of  the  acid,  transferring 
the  residue  in  the  retort  to  a  platinum  vessel,  and  then  cautiously  raising 
the  heat  to  redness,  the  acid  may  be  obtained  pure.  This  is  the  glacial 
phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  consists  in  taking  the  acid  oalcium  phosphate  produced 
by  the  action  of  sulphuric  acid  on  bone-earth,  precipitating  it  with  a  slight 
excess  of  ammonia  carbonate,  separating  by  a  filter  the  insoluble  calcium- 
Bait,  and  then  evaporating  and  igniting  in  a  platinum  vessel  the  mixed 
phosphate  and  sulphate  of  ammonia.  Phosphoric  acid  alone  remains 
behind.  The  acid  thus  obtained  is  not  remarkable  for  its  purity.  One  of 
the  most  advantageous  methods  of  preparing  phosphoric  acid  on  the  large 
scale  in  a  state  of  purity  is  to  burn  phosphorus  in  a  stream  of  dry  atmos- 
pheric air,  by  the  aid  of  a  proper  apparatus,  not  difficult  to  contrive,  in 
which  the  process  may  be  carried  on  continuously.     The  phosphoric  oxide 

•         P.        +  SBaHjO,  +        6H^0        =       3BaH4(PO,),        +        2PH, 

Phosphorus.  Barium  Water.  Barium                  Hydrogen 

hydrate.  hydrophotphite.         phosphide. 

f        PCI,  +        30H,  =        PO|Ht        +        SHC1 

Phosphorus  Water.  Phosphorous  Hydrochloric 

trichloride.  acid.  add. 

%  P^aOH,  =       2P0.H,. 
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obtained  may  be  preserved  in  that  state,  or  converted  into  hydrate  or 
glacial  acid,  by  the  addition  of  water  and  subsequent  fusion  in  a  platinum 
vessel.  The  glacial  phosphoric  acid  is  exceedingly  deliquescent,  and  re- 
quires to  be  kept  in  a  closely  stopped  bottle.  It  contains  142  parts  of  phos- 
phoric oxide  and  18  parts  of  water,  or  31  phosphorus,  48  oxygen,  and  1 
hydrogen.* 

Phosphoric  oxide  is  readily  volatilised,  and  may  be  sublimed  by  the 
heat  of  an  ordinary  spirit-lamp.  The  acid  may  be  fused  in  a  platinum 
crucible  at  a  red  heat;  at  this  temperature,  it  evolves  considerable  quan- 
tities of  Tapor,  but  is  still  far  from  its  boiling-point  Phosphoric  acid  is  a 
very  powerful  acid :  being  less  volatile  than  sulphuric  acid,  it  expels  the 
latter  at  higher  temperatures,  although  it  is  displaced  by  sulphuric  acid 
ai  the  common  temperature.  Its  solution  has  an  intensely  sour  taste,  and 
reddens  litmus-paper ;  it  is  not  poisonous. 

The  beat  reagent  for  the  detection  of  phosphoric  acid  is  molybdate  of 
ammonia.  A  solution  of  this  salt  is  treated  with  hydrochloric  or  nitric 
acid  until  the  precipitate  at  first  formed  is  redissolved.  A  very  small 
quantity  of  the  liquid  to  be  tested  for  phosphoric  acid  is  then  added  to 
this  solution.  If  phosphoric  acid  be  present,  the  liquid  becomes  yellow, 
and  a  yellow  deposit,  consisting  of  molybdio  acid,  phosphoric  acid,  and 
ammonia,  is  formed,  even  if  the  quantity  of  phosphoric  acid  be  very  small. 
There  are  few  bodies  that  present  a  greater  degree  of  interest  to  the 
chemist  than  this  substance :  the  changes  its  compounds  undergo  by  the 
action  of  heat,  chiefly  made  known  to  us  by  the  admirable  researches  of 
Professor  Graham,  will  be  described  in  connection  with  the  general  his- 
tory of  saline  compounds. 

Compound*  of  Phosphonu  and  Hydrogen. 

Phosphorus  Tbihtdbidi. — Pmosphinb. — Phosphobbttid  Hydrogen. 
This  body  is  analogous  in  some  of  its  chemical  relations  to  ammoniacal 
gas;  its  alkaline  properties  are,  however,  much  weaker. 

It  may  be  obtained  in  a  state  of  purity  by  heating  phosphorous  acid  in  a 
small  retort,  the  acid  being  then  resolved  into  phosphoretted  hydrogen 
and  phosphoric  acid.f 

Thus  obtained,  the  gas  has  a  density  of  1*24.  It  contains  31  parts  phos- 
phorus and  8  parts  hydrogen,  and  is  so  constituted  that  every  two  volumes 
contain  3  volumes  of  hydrogen  and  half  a  volume  of  phosphorus  vapor, 
condensed  into  two  volumes.  It  possesses  a  highly  disagreeable  odor  of 
garlic,  is  slightly  soluble  in  water,  and  burns  with  a  brilliant  white  flame, 
forming  water  and  phosphoric  acid. 

Phosphoretted  hydrogen  may  also  be  produced  by  boiling  together,  in  a 
retort  of  small  dimensions,  caustic  potash  or  slaked  lime,  water,  and  phos- 
phorus: the  Teasel  should  be  filled  to  the  neck,  and  the  extremity  of  the 
latter  made  to  dip  into  the  water  of  the  pneumatic  trough.  In  the  reaction 
which  ensues,  the  water  is  decomposed,  and  both  its  elements  combine 
with  the  phosphorus. 

w  f  Hydrogen —^^-Phosphoretted  hydrogen. 

water    .     \  Oxygen,  " 

Phosphorus 

Phosphorus ^^ 

lame  ■  Calcium  hypophosphite.J 

• PA-HjO       =       2POaH. 

t     4PQA        =        PH.       +       aPOjH, 
Phocpboroo*         Phoaphine.         Phosphoric 
acid.  acid. 

t  P,       +       SOaHA       +       «°H,       s       2PH,       +       3PAO»H4 

Ftoapboraa.  Calcium  Water.  Pfawphlne.         Calcium  hypo- 

hydrate.  r  phoaphita, 
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The  phosphoretted  hydrogen  prepared  by  the  Utter  process  has  the  sin- 
gular property  of  spontaneous  inflammability  when  admitted  into  the  air 
or  into  oxygen  gas ;  with  the  latter,  the  experiment  is  very  beautiful,  but 
requires  caution :  the  bubbles  should  be  admitted  singly.  When  kept  over 
water  for  some  time,  the  gas  loses  this  property,  without  otherwise  suffer- 
ing any  appreciable  change ;  but  if  dried  by  calcium  chloride,  it  may  be 
kept  unaltered  for  a  much  longer  time.  M.  Paul  Thenard  has  shown  that 
the  spontaneous  combustibility  of  the  gas  arises  from  the  presence  of  the 
vapor  of  a  liquid  hydrogen  phosphide,  which  can  be  procured  in  small 
quantity,  by  conveying  the  gas  produced  by  the  action  of  water  on  calcium 
phosphide  through  a  tube  cooled  by  a  freezing  mixture.  This  substance 
forms  a  colorless  liquid  of  high  refractive  power  and  very  great  volatility. 
It  does  not  freeze  at — 17-8°  (<P  F.)  In  contact  with  air,  it  inflames  instantly, 
and  its  vapor  in  very  small  quantity  communicates  spontaneous  inflamma- 
bility to  pure  phosphoretted  hydrogen,  and  to  all  other  combustible  gases. 
It  is  decomposed  by  light  into  gaseous  phosphoretted  hydrogen,  and  a 
solid  phosphide  which  is  often  seen  on  the  inside  of  jars  containing  gas 
which,  by  exposure  to  light,  has  lost  the  property  of  spontaneous  inflam- 
mation. Strong  acids  occasion  its  instantaneous  decomposition.  It  is  as 
unstable  as  hydrogen  dioxide.  It  is  to  be  observed  that  the  pure  phospho- 
retted hydrogen  gas  itself  becomes  spontaneously  inflammable  if  heated  to 
the  temperature  of  boiling  water.* 

Phosphoretted  hydrogen  decomposes  several  metallic  solutions,  giving 
rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic  acid  it  forms 
a  crystalline  compound  somewhat  resembling  sal-ammoniac. 

Compounds  of  Photphonu  with  Chlorine. 

Phosphorus  forms  two  chlorides,  analogous  in  composition  to  the  oxides, 
the  quantities  of  chlorine  combined  with  the  same  quantity  of  phosphorus 
being  to  one  another  in  the  proportion  of  3  to  5. 

Phosphorus  Trichloride,  or  Phosphorous  Chloride,!  is  prepared  in 
the  same  manner  as  sulphur  bichloride,  by  gently  heating  phosphorus  in 
dry  chlorine  gas,  the  phosphorus  being  in  excess ;  or  by  passing  the  vapor 
of  phosphorus  over  fragments  of  calomel  (mercurous  chloride)  contained 
in  a  glass  tube,  and  strongly  heated.  It  is  a  colorless,  thin  liquid,  which 
fumes  in  the  air,  and  has  a  powerful  and  offensive  odor.  Its  specific  gravity 
is  1.45.  Thrown  into  water,  it  sinks  to  the  bottom  of  that  liquid,  and  is 
slowly  decomposed,  yielding  phosphorous  acid  and  hydrochloric  acid. J  It 
contains  81  parts  phosphorus  and  106*5  parts  chlorine. 

Phosphorus  Pentachloride,  or  Phosphoric  Chloride,  J  is  formed  when 
phosphorus  is  burned  in  excess  of  chlorine.  Pieces  of  phosphorus  are  in- 
troduced into  a  large  tubulated  retort,  which  is  then  filled  with  dry  chlorine 
gas.  The  phosphorus  takes  fire,  and  burns  with  a  pale  flame,  forming  a 
white  volatile  crystalline  sublimate,  which  is  the  pentachloride.  It  may  be 
obtained  in  larger  quantity  by  passing  a  stream  of  dry  chlorine  gas  into 
the  preceding  liquid  trichloride,  which  becomes  gradually  converted  into 
a  solid  crystalline  mass.  Phosphorus  pentachloride  is  decomposed  by 
water,  yielding  phosphoric  and  hydrochloric  acids.  || 

*  Ann.  China.  Phys..  3d  series,  x!t.  5.  According  to  M.  P.  Thenard,  the  liquid  phosphide  of 
hydrogen  contains  PR,  and  the  solid  PtH.    The  gas  is  represented  by  the  formula  PHj. 

tPCir   +    80Ht    =    3HC1    +    Pi^H,. 

f  PCl6. 

I  PCI,    +    40H,    =    5HC1    +    PO4B* 
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Phosphorus  Oxtchloeidi.* — When  phosphorus  pentachloride  is  heated 
with  a  quantity  of  water  insufficient  to  convert  it  into  phosphoric  acid,  it 
yields,  together  with  hydrochloric  acid,  a  compound  of  phosphorus,  chlo- 
rine, and  oxygen.  This  body  may  also  be  prepared  by  distilling  the  pen- 
tachloride with  dehydrated  oxalic  acid,  or  by  distilling  a  mixture  of  phos- 
phorus pentachloride  and  phosphoric  oxide.  Phosphorus  oxychloride  is  a 
colorless  liquid  of  sp.  gr.  1*7,  possessing  a  very  pungent  odor,  and  boiling 
at  110°  (230°  F.).  It  is  readily  decomposed  by  water  into  hydrochloric 
and  phosphoric  acids. 

A  ndphoddoride  f  of  analogous  composition  is  produced  by  the  action  of 
hydrogen  sulphide  on  the  pentachloride.  It  is  a  colorless,  oily  liquid, 
decomposed  by  water. 

Two  bromides  of  phosphorus,  an  oxvbromide  and  a  sulphobromidet  are  known, 
corresponding  in  composition  and  properties  with  the  chlorine  compounds, 
and  obtained  by  similar  processes. 

Phosphorus  forms  also  two  iodides f%  containing  31  parts  of  phosphorus 
with  2  x  127  and  3  x  127  parts  of  iodine.  The  latter  is  analogous  in 
composition  to  the  trichloride ;  the  former  has  no  chlorine  representative. 
Both  these  compounds  are  obtained  by  dissolving  phosphorus  and  iodine 
together  in  carbon  bisulphide,  and  cooling  the  liquid  till  crystals  are  de- 
posited. Whatever  proportions  of  iodine  and  phosphorus  may  be  used, 
these  two  compounds  always  crystallize  out,  mixed  with  excess  either  of 
iodine  or  of  phosphorus. 

The  di-iodide  melts  at  110°  (230°  F.),  forming  a  red  liquid  which  condenses 
to  a  light  red  solid.  The  tri-iodide  melts  at  55°  (181°  F),  and  crystallizes 
on  cooling  in  well  defined  prisms.  Both  are  decomposed  by  water,  yielding 
hvdriodic  and  phosphorous  acids,  the  di-iodide  also  depositing  yellow 
flakes  of  phosphorus. 

Compound*  of  Phosphorus  with  Sulphur  and  Selenium, 

Sulphides.  — When  ordinary  phosphorus  and  sulphur  are  heated  together 
in  the  dry  state,  or  melted  together  under  water,  combination  takes  place 
between  them,  attended  with  vivid  combustion  and  often  with  violent  ex- 
plosion. When  amorphous  phosphorus  is  used,  the  reaction  is  not  explosive, 
thoagh  still  very  rapid. 

Six  compounds  of  sulphur  and  phosphorus  have  been  prepared,  contain- 
ing the  following  proportions  of  sulphur  and  phosphorus.  { 

Composition  by  weight.* 

r  *  ■% 

Phosphorus.       Sulphur. 

Hemisnlphide 81+8 

Monosulphide    .-.*.-.         .  81       +       16 

Sesquisulphide 81       -j-      24 

Trisulphide 81       -j-       48 

Pentasulphide 81       -j-       80 

Dodecasulphide  .        ...  81       -f     192 

The  fourth  and  fifth  are  analogous  to  phosphorus  and  phosphoric  oxides 
respectively ;  the  others  have  no  known  analogues  in  the  oxygen  series. 
They  may  all  be  formed  by  heating  the  two  bodies  together  in  the  required 
proportions;  but  the  trisulphide  and  pentasulphide  are  more  easily  pre- 
pared by  warming  the  monosulphide  with  additional  proportions  of  sulphur. 
Moreover,  the  two  lower  sulphides  exhibit  isomeric  modifications,  each 
being  capable  of  existing  as  a  colorless  liquid  and  as  a  red  solid.     The 

•  POOl,.  t  PSCI*  %  PI,  and  PI* 

|  PA       PA       PA       PA       Pf8*       «»dPAt. 
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mono-,  tri-,  and  pentasulphides  of  phosphorus  unite  with  metallic  sulphides, 
forming  sulphur-salts.* 

Sslihidbs  or  Phosphorus,  f  analogous  in  composition  to  the  first,  second, 
fourth,  and  fifth  of  the  sulphides  above  mentioned,  are  produced  by  heat- 
ing ordinary  phosphorus  and  selenium  together  in  the  required  proportions 
in  a  stream  of  hydrogen  gas.  The  hemiselenide  is  a  dark-yellow,  oily, 
fetid  liquid,  solidifying  at  12°;  the  other  compounds  are  dark-red  solids. 
The  mono-,  tri-,  and  pentaselenides  unite  with  metallic  selenides,  forming 
selenium-salts  analogous  to  the  sulphur-salts  above  mentioned. 

•  Copper  Hypomilphophotphlte  PACn  =  CaS^S. 

Copper  Salpbophoephite  PggUCn  =  Cn8.P,8«. 

Copper  Snlphoptoephata  PjS^Ca  =  Ca8.PA. 
fPSe,  P,Be,  PfBea,  aadP** 


OX  THE  QKNKKAT,  PRINCIPLES  OF  CHEHTGAL 
PHILOSOPHY. 

THE  study  of  the  non-metallic  elements  can  be  pushed  to  a  very  consider- 
able extent,  and  a  large  amount  of  precise  and  exceedingly  important 
information  acquired,  without  much  direct  reference  to  the  great  funda- 
mental laws  of  chemical  union.  The  subject  cannot  be  discussed  in  this 
manner  completely,  as  will  be  obvious  from  frequent  cases  of  anticipation 
iamanT  of  the  foregoing  foot-notes:  still,  much  may  be  done  by  this  simple 
method  of  proceeding.  The  bodies  themselves,  in  their  combinations,  fur- 
nish admirable  illustrations  of  the  general  laws  referred  to ;  but  the  study 
of  their  leading  characters  and  relations  does  not  of  necessity  involve  a 
previous  knowledge  of  these  laws  themselves. 

It  is  thought  that  by  such  an  arrangement  the  comprehension  of  these 
very  important  general  principles  may  become,  in  some  measure,  facili- 
tated by  constant  reference  to  examples  of  combinations,  the  elements  and 
products  of  which  have  already  been  described.  80  much  more  difficult  is 
it  to  gain  a  clear  and  distinct  idea  of  any  proposition  of  great  generality 
from  a  simple  enunciation,  than  to  understand  the  bearing  of  the  same  law 
when  illustrated  by  a  single  good  and  familiar  instance. 

Before  proceeding  further,  however,  it  is  absolutely  necessary  that  these 
matters  should  be  discussed:  the  metallic  compounds  are  so  numerous, 
that  the  establishment  of  some  general  principle,  some  connecting  link, 
becomes  indispensable.  The  doctrines  of  equivalence  and  combining  pro- 
portions, and  the  laws  which  regulate  the  formation  of  saline  compounds, 
■apply  this  deficiency. 

THE  LAWS  OF  COMBINATION  BT  WEIGHT. 
(1.)  ConMtoncy  of  Compotition.  —  This  is  the  main  distinction  between 
chemical  combination  and  mechanical  mixture,  or  that  kind  of  adhesion 
which  gives  rise  to  the  solution  of  a  solid  in  a  liquid.  Metals  may  be  fused 
together  to  form  alloys;  water  may  be  mixed  with  alcohol,  alcohol  with 
ether,  and  different  oils  one  with  the  other,  in  any  proportions  whatever, 
the  mixture  always  exhibiting  properties  intermediate  between  those  of  its 
constituents,  and  in  regular  gradation  according  to  the  quantity  of  each 
that  may  be  present;  a  solid  body  may  be  dissolved  in  a  liquid — salt  or 
sugar  in  water,  for  example — in  any  proportion  up  to  a  certain  limit,  the 
solution  likewise  exhibiting  a  regular  gradation  of  physical  properties, 
according  to  the  quantity  of  the  solid  taken  up.  But  in  a  true  chemical 
compound,  the  properties  of  the  constituent  elements  admit  of  no  variation 
whatever.  Water,  whether  obtained  from  natural  sources,  or  formed  by 
direct  combination  of  its  elements,  always  contains  in  100  parts,  88*9  parts 
of  oxygen  and  111  parts  of  hydrogen ;  and  a  piece  of  flint,  or  rock-crystal, 
obtained  from  any  part  of  the  world,  invariably  contains  46-6  per  cent,  of 
tilicium  to  53*4  of  oxygen.  When  two  or  more  compounds  are  formed  of 
the  same  elements,  as  the  oxides  of  carbon  and  the  chlorides  of  phosphorus 
(pp.  164, 216),  there  is  no  gradual  blending  of  one  into  the  other,  as  in  the 
ewe  of  mixtures ;  but  each  compound  is  sharply  defined  and  separated,  as 
it  were,  from  the  others  by  an  impassable  gulf,  exhibiting  properties  dis- 
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tinct  from  those  of  the  others,  and  of  the  elements  themselves  in  the  sepa- 
rate state.  Thus  of  the  two  oxides  of  carbon,  the  monoxide  is  an  inflam- 
mable gas,  lighter  than  air,  and  not  absorbed  by  solution  of  potash,  whereas 
the  dioxide  is  non-inflammable,  heavier  than  air,  and  easily  absorbed  by 
potash ;  and  both  compounds  differ  entirely  in  their  characters,  both  from 
carbon  and  from  oxygen  in  the  free  state. 

The  composition  of  chemical  compounds  is  ascertained,  as  already  ob- 
served, by  analysis,  and  in  some  cases  also  by  synthesis.  The  results  are 
usually  stated  in  percentages  (thus,  100  parts  of  sine  oxide  contain  80-1 
parts  zino  and  19-9  oxygen),  which  for  many  purposes  is  as  convenient  av 
method  as  can  be  adopted.  But  when  it  is  desired  to  compare  the  compo- 
sition of  several  compounds  of  the  same  elements,  or  of  the  compounds 
formed  by  one  element  with  several  others,  it  is  more  convenient  to  start 
with  a  fixed  quantity  of  the  first  element,  and  specify  the  relative  quan- 
tities of  the  other  element  or  elements  which  combine  with  it.  This  will 
be  easily  seen  by  comparing  the  following  tabular  statements  of  the  com- 
position of  the  five  nitrogen  oxides  already  described,  first,  in  percentages, 
secondly,  by  stating  the  several  quantities  of  oxygen  which  unite  with  10O 
parts  of  nitrogen. 


In  100  part*. 

With  constant  quantity 
of  Nitrogen. 

Nitrogen. 

Oxygen. 

Nitrogen. 

Oxygen. 

Monoxide 

68-64 

36-36 

100 

176 

Dioxide    . 

.     46-67 

63  33 

100 

850 

Trioxide 

86.86 

6815 

100 

626 

Tetroxide 

.     80-44 

69-56 

100 

700 

Pentoxide     . 

25-98 

74-07 

100 

876 

The  numbers  on  the  left-hand  side  of  the  table  do  not  exhibit  any  simple 
relation ;  but  on  looking  to  the  right-hand  side,  it  is  immediately  seen  that 
the  quantities  of  oxygen  which  unite  with  the  same  quantity  of  nitrogen, 
are  to  one  another  as  the  numbers  1,  2,  8,  4,  6.  •  And  this  leads  us  to  the 
seoond  general  law  of  chemical  combination,  vis. : 

(2.)  The  Law  of  Multiples.  —  This  law  may  be  thus  stated:  If  two  ele- 
ments, A  and  B,  are  capable  of  uniting  in  several  proportions,  the  quan- 
tities of  B  whioh  unite  with  a  given  quantity  of  A,  usually  bear  a  simple 
relation  to  one  another,  suoh  as : 

A  +  B,        A  +  2B,        A  +  8B,        A  +  4B,  &c. ; 

or,  2A  +  8B,         2A  +  6B,        2A  +  7B,  &c. ; 
or,  A    -J-  B,  A  -f  SB,  A  -j-  &B,  &c. 

Numerous  examples  of  this  law  are  afforded  by  the  compounds  of  the 
non-metallic  elements  one  with  the  other;  as,  for  example,  the  oxides  of 
hydrogen,  carbon,  chlorine,  sulphur,  and  phosphorus,  the  chlorides  of 
phosphorus,  Ac. ;  and  still  more  numerous  examples  will  be  met  with,  in 
treating  of  the  compounds  of  metals  with  non-metallic  elements. 

It  must  be  observed,  however,  that  more  complex  relations  are  by  no 
means  unfrequent.  The  compounds  of  carbon  and  hydrogen,  for  example, 
are  very  numerous ;  and  on  comparing  together  the  quantities  of  hydrogen 
H,  which  unite  with  a  fixed  quantity  of  carbon  G,  we  meet  with  such  rela- 
tions as  6C  +  17H,  70  +  16H,  11C  -f  24H,  15C  +  82H,  Ac.  In  short,  the 
simple  relations  above  mentioned  must  be  looked  upon  merely  as  particular 
instances  of  a  large  number  of  possible  relations,  although  they  happen  to 
hold  good  with  reference  to  a  considerable  number  of  important  compounds. 
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(&)  Law  of  Equivalent*.  —  If  a  body  A  unites  with  certain  ether  bodies 
B,  C,  D,  then  the  quantities  B,  C,  D,  which  combine  with  A,  or  certain 
maple  multiples  of  them,  represent  for  the  most  part  the  proportions  in 
which  they  can  unite  amongst  themselves. 

For  example,  8  parts  by  weight  of  oxygen  are  known  to  unite  with  the 
following  quantities  of  hydrogen,  nitrogen,  &c. : 

Oxygen 8 

Hydrogen 1 

Nitrogen  .....  14 

Carbon 6 

Sulphur 8 

Phosphorus  ....  10}  or  V 

Chlorine 86-5 

Iodine 25f  or  *f » 

Potassium         ....  89 

Iron 28 

Copper 81*7 

Lead 108-5 

Silver 108 

&o.  &o 

And  it  is  found,  moreover,  that  hydrogen  and  chlorine  combine  in  the  pro- 
portions 1  to  86*5;  hydrogen  and  sulphur,  1  to  2x8;  chlorine  and  silver, 
85-5  to  108;  iodine  and  potassium,  127  partB  of  the  former  to  89  of  the 
latter,  Ac ;  phosphorus  and  chlorine,  81  parts  of  the  former  to  3  x  85*6  and 
5x86  5  of  the  latter,  &c. 

Now,  on  comparing  the  relative  quantities  of  the  elements  contained  in 
all  known  chemical  compounds,  it  is  found :  1.  That  there  is  a  certain 
number  of  elements  which  combine  with  one  another  in  one  proportion  only. 
2.  That  by  far  the  greater  number  of  elements  are  capable  of  uniting  in 
two  or  more  proportions.  The  elements  of  the  former  class  may  be  con- 
veniently called  monogens,  those  of  the  latter  polygene.* 

Hydrogen  and  chlorine  unite  in  the  proportion  of  1  part,  by  weight,  of 
the  former,  to  85*5  parts  of  the  latter,  and  in  no  other.  The  same  quantity 
of  chlorine  combines  with  39-1  parts  of  potassium,  28  of  sodium,  and  108 
of  silver.  These  several  quantities  of  sodium,  potassium,  and  silver,  are 
eapable  of  saturating  the  same  quantity  of  chlorine  that  is  saturated  by  1 
part  of  hydrogen.  They  are,  therefore,  in  this  respect  equivalent  to  1  part 
by  weight  of  hydrogen  and  to  each  other.  They  may,  in  fact,  be  made 
directly  to  replace  one  another  in  combination  with  chlorine.  Thus,  when 
sodiom  or  potassium  is  heated  in  hydrochloric  acid  gas,  hydrogen  iB  set 
free,  and  sodium  or  potassium  chloride  is  formed,  28  parts  of  sodium  or 
391  parts  of  potassium  always  taking  the  place  of  1  part  of  hydrogen. 
Again,  when  a  solution  of  sodium  chloride  is  mixed  with  silver  nitrate,  the 
sodium  and  silver  change  places,  forming  a  solution  of  sodium  nitrate  and 
•  precipitate  of  silver  chloride ;  and  in  this  case  108  parts  of  silver  take 
the  place  of  28  parts  of  sodium.  The  above-mentioned  quantities  of  hy- 
drogen, chlorine,  sodium,  potassium,  and  silver,  are  therefore  called  eqvdva- 
k*l  weights. 

There  are  a  few  other  monogenic  elements,  the  names  and  equivalent 
weights  of  which  are  given,  together  with  the  preceding,  in  the  following 
table: 

•  Brlenmeyer,  M  Lehrbnch  der  organischen  Chemte." 
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Hydrogen 
Chlorine    . 
Bromine 
Fluorine    . 
Silver     . 


1 

Potassium 

36-6 

Sodium   . 

80 

Lithium 

19 

Cesium   . 

108 

Rubidium 

891 
28 
7 
188 

85-4 


All  other  elements  are  polygenio,  uniting  with  the  monogens  and  with 
one  another  in  more  than  one  proportion.  With  regard  to  these  elements 
the  question  of  equivalence  appears  at  first  to  be  somewhat  indeterminate ; 
in  fact,  according  to  the  idea  of  equivalency  above  defined,  the  equivalent 
value  of  a  polygenio  element  must  vary  acoording  to  the  proportions  in 
which  it  unites  with  others.  Thus  iron  forms  two  chlorides,  containing  28 
and  18}  parts  of  iron  to  85.6  parts  of  chlorine.  Either  of  these  quantities 
of  iron  may  therefore  be  regarded  as  equivalent  to  1  part  of  hydrogen ;  in 
other  words,  as  the  equivalent  weight  of  iron.  Again,  1  part  of  hydrogen 
unites  with  8  parts  of  oxygen  to  form  water,  and  with  16  parts  to  form  hy- 
drogen dioxide.  Which  of  these  is  the  equivalent  weight  of  oxygen  ?  The 
former  number  has  perhaps  the  best  right  to  be  so  regarded,  because  water 
is  a  more  stable  compound  than  hydrogen-dioxide,  and,  moreover,  8  parts 
by  weight  of  oxygen  frequently  take  the  place  of  1  part  of  hydrogen  in 
processes  of  oxidation,  as  when  alcohol,  a  compound  of  12  parts  carbon,  3 
hydrogen,  and  8  oxygen,  is  oxidised  to  acetic  acid,  containing  12  parts  car- 
bon, 2  hydrogen,  and  16  oxygen.  But  what  number  shall  we  fix  upon  as 
the  equivalent  of  nitrogen  ?  This  element  forms  only  one  compound  with 
hydrogen,  namely,  ammonia,  which  contains  14  parts  of  nitrogen  to  8  of 
hydrogen,  or  4}  nitrogen  to  1  hydrogen.  Accordingly,  the  equivalent  weight 
of  nitrogen  appears  to  be  4f ,  and,  in  fact,  this  quantity  of  nitrogen  can  be 
made  to  take  the  place  of  1  part  of  hydrogen  in  many  organic  compounds. 
But  if  we  look  to  the  compounds  of  nitrogen  with  oxygen,  we  find  that 
these  elements  unite  in  five  different  proportions,  8  parts  of  oxygen  (which 
we  have  seen  to  be  in  most  cases  equivalent  to  1  part  of  hydrogen)  uniting 
with  14,  7,  y,  },  or  y  parts  of  nitrogen,  either  of  which  numbers  may 
therefore  be  regarded  as  equivalent  to  1  part  of  hydrogen.  Lastly,  with 
regard  to  carbon,  the  problem  appears  still  more  indefinite,  inasmuch  as 
that  element  forms  with  hydrogen  a  very  large  number  of  compounds,  and 
appears  to  be  capable  of  uniting  with  it  in  almost  any  proportion. 

We  may,  however,  obtain  a  set  of  comparable  values  by  assuming  as  the 
equivalent  weight  of  each  polygenic  element,  the  smallest  quantity  of  it  which 
unites  with  1  part  of  hydrogen,  or  with  85*6  of  chlorine,  or  generally  with 
the  equivalent  weight  of  any  monogenic  element.  Thus  of  all  the  compounds 
of  hydrogen  and  carbon,  marsh-gas,  or  methane,  which  is  composed  of  12 
parts  carbon  to  4  hydrogen,  or  8  parts  carbon  to  1  hydrogen,  contains  the 
largest  quantity  of  hydrogen  in  proportion  to  the  carbon ;  in  other  words, 
8  parts  of  carbon  is  the  smallest  quantity  that  can  unite  with  1  part  of 
hydrogen  This,  then,  we  shall  regard  as  the  equivalent  weight  of  carbon; 
and  by  similar  considerations  the  equivalent  weight  of  oxygen  will  be  found 
to  be  8,  that  of  sulphur  16,  of  nitrogen  4|  or  y ,  of  phosphorus  y  or  6J,  of 
iron  18},  of  lead  108*5,  &o. 

Atomic  Weights. — Let  us  now  compare  the  hydrogen  compounds  of 
monogenic  and  polygenio  elements,  with  regard  to  the  manner  in  which 
the  hydrogen  contained  in  them  may  be  replaced  by  other  elements.  Com- 
pare first  hydrochloric  acid  and  water.  When  hydrochloric  acid  is  acted 
upon  by  certain  metals,  as  sodium,  zinc,  or  magnesium,  the  whole  of  the 
hydrogen  is  expelled,  and  the  chlorine  enters  into  combination  with  an 
equivalent  quantity  of  the  metal;  thus  86-5  parts  of  hydrochloric  acid 
(=  1  part  hydrogen  -f-  35*5  chlorine)  and  28  sodium  yield  1  part  of  free 
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hydrogen  and  28  +  35-5  (=  58  5)  sodium  chloride ;  there  is  no  such  thing 
xs  the  expulsion  of  part  of  the  hydrogen,  or  the  formation  of  a  compound 
containing  both  hydrogen  and  metal  in  combination  with  the  chlorine. 

With  water,  however,  the  case  is  different.  When  sodium  is  thrown  upon 
water,  9  parts  of  that  compound  (si  hydrogen  +  8  oxygen)  are  decom- 
posed, in  such  a  manner  that  half  of  the  hydrogen  is  expelled  by  an  equiv- 

23 
alent  quantity  of  sodium,  — ,  and  todium  hydrate  is  formed  containing : — 

2 
Sodium.  Hydrogen.  Oxygon. 

2"  +  2  +  8 

Tbia  compound  remains  in  the  solid  state  when  the  liquid  is  evaporated 
to  dryness;  and  if  it  be  further  heated  in  a  tube  with  sodium,  the  remaining 
half  of  the  hydrogen  is  driven  off,  and  anhydrous  sodium-oxide  remains, 
composed  of  23  parts  sodium  -j~  8  oxygen. 

Water  differs,  therefore,  from  hydrochloric  acid  in  this  respect,  that 
its  hydrogen  may  be  replaced  by  a  monogenic  metal  in  two  equal  portions, 
yielding  successively  a  hydrate  and  an  anhydrous  oxide,  the  relations  of 
which  to  the  original  compound  may  be  thus  represented :  — 

Water.  Sodium-hydrate.  Sodium-oxide. 

HydrogeD.       Oxygen.  Hyd.  Sod.         Ox.  Sodium.  Ox. 

or,  multiplying  by  2,  to  avoid  fractions  of  equivalent  weights: 

Water.  Sodium-hydrate.  Sodium-oxide. 


Hydrogen.        Oxygen.  Hyd.  Sod.         Ox.  Sodium.  Ox. 

(1  +   l)    -|-    16  (1     +     23)4-16       (23  +  23)  +  16. 

It  appears  from  this  that  2  x  8,  or  16  parts  of  oxygen,  is  the  smallest 
quantity  of  oxygen  that  can  be  supposed  to  enter  into  the  reaction  just 
considered,  if  we  would  avoid  speaking  of  fractions  of  equivalents;  and 
we  shall  find  hereafter  that  the  same  is  true  with  regard  to  all  other  well- 
defined  reactions  in  which  oxygen  takes  part.  Hence  this  quantity  of 
oxygen  16  parts  by  weight  (hydrogen  being  the  unit),  is  oalled  an  indivisible 
weight,  or  atomic  weight,  or  an  atom  of  oxygen.* 

Let  us  now  consider  the  hydrogen  compound  of  nitrogen,  that  is  to 
say,  ammonia.  This  is  composed  of  1  part  of  hydrogen  united  with  4} 
or  \f  of  nitrogen.  Now  in  this  compound  the  hydrogen  is  replaceable  by 
thirds.  When  potassium  is  heated  in  ammonia  gas,  a  compound  oalled 
poUutamine  is  formed,  in  which  one  third  of  the  hydrogen  is  replaced  by 
potassium.  Another  compound,  called  lri-pota*saminet  is  also  known,  con- 
sisting of  ammonia  in  which  the  whole  of  the  hydrogen  is  replaced  by  an 
equivalent  quantity  of  potassium :  — 

Nit  Hydrogen, 

Ammonia  .         .     ^+-1-  +  —+^   or    14   +    1    +    1    +    1 

Nit.  Hydrogen.       Pot. 

Potassamine      .     ^    +-£.+-£.+  :£<».  14   +    1    +   1  +  89 

Nit  Potassium. 

Tripotasaamine       ~    +  ~  +  y  +  ~    or    14  +  89  +    89  +  39 

•  ArvjMf,  indirWble. 


Nit 

Hydrogen. 

14 
3 

+ 

1  +  1  +  1 

8    ^    8    ^    8 

or 

Nit 

Hydrogen.       Pot 

14 
3 

+ 

1  +!+?£ 

3     ^    3  ^    3 

or 

Nit 

Potassium. 

14 
3* 

+ 

89         89         89 
3    +    8    +   8 

or 
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There  is  also  a  Urge  claw  of  compounds  derived  from  ammonia  in  like 
manner  by  the  replacement  of  J,  |,  or  the  whole  of  the  hydrogen  by  equi- 
valent quantities  of  certain  groups  of  elements  called  compound  radical*  (see 
page  237).  Hence,  by  reasoning  similar  to  that  which  was  above  applied 
to  water,  it  is  inferred  that  ammonia  is  composed  of  14  parts  by  weight,  or 
8  equivalents,  of  nitrogen  combined  with  8  parts  or  8  equivalents  of  hydro- 
gen, and  that  the  atomic  weight  of  nitrogen  is  14. 

Next  take  the  case  of  marsh-gat  or  methane,  a  compound  of  1  part  hydro- 
gen with  8  parts  carbon.  When  this  gas  is  mixed  with  chlorine,  and  ex- 
posed to  diffused  daylight,  a  new  compound  is  formed,  in  which  one  fourth 
of  the  hydrogen  belonging  to  the  marsh-gas  is  replaced  by  an  equivalent 
quantity  of  chlorine  ;  and  if  the  chlorine  is  in  excess,  and  the  mixture  ex- 
posed to  sunshine,  three  other  compounds  are  formed,  in  which  one  half, 
three  fourths,  and  all  the  hydrogen,  are  thus  replaced.  The  results  may 
be  thus  expressed : 

Methane. 
Carbon.  Hydrog en.  Carbon.  Hydrogen. 

8    +    \  +  i  +  i  +  i  or    12    +    1  +  1  +  1  +  1 
Chloromethane. 
Carbon.         Hydrogen.  Chlorine.       Carbon.       Hydrogen.  Chlorine* 

8    +±  +  I  +  l  +  !i5     or    12    +   1+  1+    1    +    85-5 

Dichloromethane. 
Carbon.        Hydrogen.  Chlorine.  Carbon.    Hydrogen.  Chlorine. 


Trichloromethane  or  Chloroform. 
Carbon.   Hyd.  Chlorine.  Carb.      Hyd.  Chlorine. 


1         86-6      85-5       85-6 
8    +  ~  +  — +  -j-  -f  -^-  or  12   +  1  +     86-5  +  86-6  +  86  5 

Tetrachloromethane. 
Carbon.  Chlorine.  Carbon.  Chlorine. 


8    +    8^  +  !^  +  i^+^£  or  12 +  86-6 +  85-6 +  86-6 +  86-5 

Hence,  by  reasoning  similar  to  the  above,  it  is  inferred  that  marsh -gas 
is  composed  of  12  parts  by  weight,  or  4  equivalents  of  carbon,  and  4  parts, 
or  4  equivalents  of  hydrogen,  and  that  the  atomic  weight  of  carbon  is  12. 

According  to  the  preceding  explanations,  the  equivalent  weight  of  a  poly- 
genie  element  is  the  smallest  quantity  of  it  that  can  unite  with  an  equiva- 
lent of  a  monogenic  element,  that  is,  with  1  part  of  hydrogen,  85-5  parts 
of  chlorine,  &c. ;  and  the  atomic  weight,  or  atom,  is  the  smallest  quantity  of 
an  element  that  can  unite  with  others  without  introducing  fractions  of 
equivalents.  In  the  case  of  a  monogenic  element,  the  atomic  and  equiva- 
lent weights  are  identical,  but  the  atomic  weight  of  a  polygenic  element  is 
always  greater  than  the  equivalent  weight  in  the  ratio  of  1  to  2,  8,  4,  &o. 
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we  have  shown  in  three  eases  how  the  atomio  weight  of  an  element  may 
be  determined  by  the  proportion  in  which  equivalent  substitution  takes 
place  in  its  compounds  with  hydrogen  or  other  mouogenio  elements.  Sul- 
phur, selenium,  and  tellurium  form  hydrogen  compounds  exactly  analogous 
in  this  respect  to  water,  the  hydrogen  being  replaceable  by  halves ;  their 
atomic  weights  are  therefore  double  of  their  equivalent  weights.  Silioon 
forms  with  chlorine  a  compound  containing  7  parts  silicon  with  35*5  parts 
chlorine;  and  in  this  one  fourth  of  the  chlorine  is  replaceable  by  hydro- 
gen or  by  bromine:  hence  the  atomio  weight  of  silicon  is,  like  that  of 
carbon,  equal  to  four  times  the  equivalent  weight,  its  numerical  value  being 
28.  There  are  also  some  elements  in  which  the  atomic  weight  is  equal 
to  fire  times,  and  others  in  which  it  is  equal  to  six  times,  the  equivalent 
weight;  higher  ratios  have  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary  bodies 
are  always  actually  determined  in  the  manner  above  described.  There  are 
several  other  methods  of  determining  their  numerical  values,  as  will  be 
presently  explained ;  and  the  values  obtained  by  different  methods  do  not 
always  agree ;  but  the  atomic  weights  of  all  the  more  important  elements 
may  be  regarded  as  definitely  fixed  within  small  numerical  errors.  The 
eqnivalent  value  of  an  element  or  the  ratio  of  the  equivalent  to  the  atomio 
weight,  is  also  subject  to  some  variation,  as  will  be  presently  explained, 
according  to  the  view  which  may  be  taken  of  the  constitution  of  particular 
compounds. 

The  table  on  the  next  page  exhibits  the  values  of  the  atomio  weights  of  the 
elementary  bodies  in  which  chemists  are  now  for  the  most  part  agreed ;  also 
the  abbreviated  symbols  (the  first  or  first  two  letters  of  their  Latin  names) 
by  which  they  are  designated  in  chemical  formula). 

8tmbolic  Notation. — The  symbols,  H,  0,  N,  etc.,  stand,  not  for  the 
names  of  the  several  elements,  but  for  quantities  of  them  proportional  to 
the  atomic  weights.  Combination  between  elements  is  represented  by  the 
juxtaposition  of  the  symbols;  thus  NaCl  represents  sodium  chloride,  a 
compound  of  23  parts  by  weight  of  sodium  wi£h  86-5  parts  of  chlorine. 
Two  or  more  atoms  of  an  element  are  represented  by  placing  a  small  figure 
to  the  right  of  the  symbol,  and  a  little  below ;  thus  H,  denotes  2  atoms  of 
hydrogen ;  OH,  denotes  water,  a  compound  of  2  atoms  hydrogen  with  1 
atom  oxygen ;  rClj,  phosphorus  pentachloride ;  FesO.,  iron  sesquioxide,  etc. 
The  elements  in  a  compound  are  usually  placed  in  the  order  of  their  equi- 
valencies, the  highest  to  the  left;  but  this  order  is  often  departed  from 
when,  by  so  doing,  the  relation  between  two  or  more  compounds  under  con- 
sideration can  be  more  clearly  brought  to  light. 

The  nnion  of  two  atomic  groups,  or  moUcules,  is  represented  by  placing 
their  symbols  together,  with  a  point  or  comma  between  them ;  thus  sal-am- 
moniac, formed  by  the  union  of  ammonia,  NHj,  and  hydrochloric  acid,  HC1, 
is  represented  by  the  formula  NH8.HC1;  sulphuric  acid,  or  hydrogen  sul- 
phate, which  may  be  regarded  as  sulphur  trioxide  combined  with  water, 
may  be  represented  by  the  formula  SOs.OH2. 

A  number  placed  to  the  left  of  a  group  of  symbols  not  separated  by  a 
point  or  comma,  multiplies  the  entire  group ;  thus  BOH,  denotes  3  molecules 
of  water ;  but  to  denote  the  multiplication  of  a  molecule  compounded  of  two 
other  molecules,  the  whole  formula  must  be  enclosed  in  brackets,  and  the 
numeral  placed  to  the  left  on  the  line,  or  to  the  right  a  little  below  it ;  thus 
2  molecules  of  sal-ammoniao  are  denoted  by  2(NHS.HC1),  or  (NH,  HC1),. 

If  the  brackets  were  omitted  in  the  first  of  these  formulae,  the  2  would 
multiply  only  the  part  of  the  formula  to  the  left  of  the  point ;  e.  g.  30HaSOg 
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Tabu  or  Slbmbhtabt  Bodies  with  thbie  Symbols  amd  Atomio 

WXIOHTS. 


Num. 

Symbol. 

Atomio 
Weight. 

Num. 

Symbol. 

Atomio 
Weight. 

Aluminium 

Al 

27-4 

Molybdenum 

Mo 

96 

Antimony  (Sti- 

Nickel 

Ni 

68-8 

bium) 

8b 

122 

Niobium 

Nb 

94 

Arsenic 

As 

75 

Nitrogen 

N 

14 

Barium 

Ba 

187 

Osmium 

Os 

199-2 

Beryllium 

Be 

9-4 

Oxygen 

O 

16 

Bismuth 

Bi 

210 

Palladium 

Pd 

106-6 

Boron 

B 

11 

Phosphorus 

P 

81 

Bromine 

Br 

80 

Platinum 

Pt 

197-4 

Cadmium 

Cd 

112 

Potassium 

Caesium 

Cs 

183 

(Kalium) 

K 

89-1 

Calcium 

Ca 

40 

Rhodium 

Rh 

104-4 

Carbon 

C 

12 

Rubidium 

Rb 

85-4 

Cerium 

Ce 

92 

Ruthenium 

Ru 

104-4 

Chlorine 

CI 

85-6 

Selenium 

Se 

79-4 

Chromium 

Cr 

62-2 

Silioium 

Si 

28 

Cobalt 

Co 

68-8 

Silver  (Argen- 

Copper      (Cu- 

tum) 

Ag 

108 

prum) 

Cu 

68-4 

Sadium  (Na- 

Didymium 

D 

96 

trium) 

Na 

28 

Erbium 

E 

112-6 

Strontium 

Sr 

87-6 

Fluorine 

F 

19 

Sulphur 

S 

82 

Gold  (Aurum) 

Au 

197 

Tantalum 

Ta 

182 

Hydrogen 

H 

1 

Tellurium 

Te 

128 

Indium 

In 

74 

Terbium  (?) 

Iodine 

I 

127 

Thallium 

Tl 

204 

Iridium 

Ir 

198 

Thorinum 

Th 

116-7 

Iron  (Ferrum) 

Fe 

56 

Tin  (Stannum) 

Sn 

118 

Lanthanum 

La 

93-6 

Titanium 

Ti 

60 

Lead    (Plum- 

Tungsten, or 

bum) 

Pb 

207 

Wolfram 

W 

184 

Lithium 

Li 

7 

Uranium 

U 

120 

Magnesium 

Mg 

24 

Vanadium 

V 

51-2 

Manganese 

Mn 

65 

Yttrium 

Y 

61-7 

Mercury   (Hy- 

Zinc 

Zn 

66-2 

drargyrum) 

Hg 

200 

Zirconium 

Zr 

89-6 

denotes  a  compound  of  8  molecules  of  water  with  1  molecule  of  sulphur 
trioxide. 

Chemical  reactions  are  represented  by  equations,  in  which  the  symbols 
of  the  acting  bodies  are  placed  on  the  left-hand  side,  and  those  of  the 
bodies  formed  by  the  reaction,  on  the  right  hand,  the  molecules  on  either 
side  being  connected  by  the  sign  -{-•  For  example,  the  aotion  of  sine  on  hy- 
drochloric acid,  by  which  zinc  chloride  and  free  hydrogen  are  formed,  is 
represented  by  the  equation : 

Zn    +     2HC1    =    ZnCl,    +     H,; 

that  of  phosphorus  pentachloride  on  water,  which  yields  hydrochloric  and 
phosphoric  acids,  by  the  equation : 

PCI,    4     40H,    =    6HC1    4-    PO^ 
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Numerous  other  examples  will  be  found  in  the  foot-notes  to  the  preceding 
pages. 

Physical  and  Chemical  Relation*  of  Atomic  Weight*. 

We  hare  hitherto  regarded  the  atomic  weights  of  the  elements  as  mere 
numerical  expressions,  or  as  quantities  adopted  to  represent  the  compo- 
sition of  compounds  without  introducing  fractions  of  equivalents.  If  this 
were  all  that  could  be  said  about  them,  they  would  not  be  of  much  impor- 
tance^ We  shall  see,  however,  that  these  same  quantities  exhibit  some  re- 
markable relations  to  the  physical  properties  of  the  elements,  and  to  the 
proportions  in  which  they  combine  together  by  yolume. 

1.  To  the  Specific  Heat  of  the  Elementary  Bodice. — The  atomio  weights  of 
the  elements,  determined  according  to  their  modes  of  combination,  are,  for 
the  most  part,  inversely  proportional  to  their  specific  heats ;  so  that  the 
product  of  the  specific  heat  into  the  atomic  weight  is  a  constant  quantity. 
The  aamc  quantity  of  heat  i8  required  to  produce  a  given  change  of  tem- 
perature in  7  grams  of  lithium,  56  of  iron,  207  of  lead,  108  of  silver, 
196-7  of  gold,  210  of  bismuth,  &c. 

This  relation,  already  pointed  out  in  the  chapter  on  Heat  (p.  78),  holds 
good  with  respect  to  the  greater  number  of  the  elements ;  but  it  cannot  be 
regarded  as  a  universal  law,  inasmuch  as  three  elements,  carbon,  silicium, 
and  boron,  whose  atomic  weights  are  well  established  on  chemical  grounds, 
exhibit  unmistakable  exceptions  to  it.  Nevertheless,  in  case  of  doubt  as 
to  the  correct  determination  of  the  atomio  weight  of  an  element  according 
to  its  mode  of  combination,  the  agreement  of  the  value  thus  obtained  with 
the  ralne  determined  according  to  the  specific  heat,  is  generally  regarded 
as  affording  strong  evidence  in  favor  of  the  result. 

2.  To  the  Crystalline  Forme  of  Compounds. — It  is  found  that,  in  many 
eases,  two  or  more  compounds  which,  from  chemical  considerations,  are 
supposed  to  contain  equal  numbers  of  atoms  of  their  respective  elements, 
crystallize  in  the  same  or  in  very  similar  forms.  Such  compounds  are  said 
to  be  isomorphous.*  Thus  the  sulphates  represented  by  the  general  formula 
804M,  (M  denoting  a  monogenic,  metal)  are  isomorphous  with  the  corre- 
sponding selenates  Se04M, ;  the  phosphates  P04M9  are  isomorphous  with 
the  corresponding  arsenates  As04M,t  Ac. 

Accordingly,  these  isomorphous  relations  are  often  appealed  to  for  the 
purpose  of  fixing  the  constitution  of  compounds,  and  thence  deducing  the 
atomic  weights  of  their  elements,  in  cases  which  would  otherwise  be  doubt- 
ful Thus  aluminium  forms  only  one  oxide,  vis.,  alumina,  which  is  com- 
posed of  18*2  parts  by  weight  of  aluminium  and  16  parts  of  oxygen.  What, 
then,  is  the  atomio  weight  of  aluminium?  The  answer  to  this  question 
will  depend  upon  the  constitution  assigned  to  alumina,  whether  it  is  a  mon- 
oxide, sesquioxide,  dioxide,  &c.    Thus: 


Monoxide  . 
Sesquioxide 

A10 
Al,Os 

- 

0. 
16 

48 

+ 
+ 

Al. 
18-25 
f27-4 
\27-4 

Dioxide 
Trioxide    . 

A10. 
A10s 

— 

82 

48 

+ 

+ 

86-6 
54-8 

The  numbers  in  the  last  column  of  this  table  are  the  weights  which  must 
be  assigned  to  the  atom  of  aluminium,  according  to  the  several  modes  of 
constitution  indicated  in  the  first  column ;  but  there  is  nothing  in  the  con- 

♦  Tooj,  equal  ;^pf^  form. 
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Btitution  of  the  oxide  itself  that  can  enable  us  to  decide  between  them. 
Now,  iron  forms  two  oxides,  in  which  the  quantities  of  oxygen  united  with 
the  same  quantity  of  iron  are  to  one  another  as  1  :  1  J,  or  as  2  :  3.  These 
are  therefore  regarded  as  monoxide,  FeO,  and  sesquioxide,  Fefi*  and  thU 
last  oxide  is  known  to  be  isomorphous  with  alumina.  Consequently  alumina 
is  also  regarded  as  a  sesquioxide,  Al^Og,  and  the  atomic  weight  of  aluminium 
is  inferred  to  be  27*4. 

^  8.  To  the  Volume-Relation*  of  Elements  and  Compounds. — The  atomic  weights 
of  those  elements  which  are  known  to  exist  in  the  state  of  gas  or  vapor  are, 
with  one  or  two  exceptions,  proportional  to  their  specific  gravities  in  the 
same  state.  Taking  the  specific  gravity  of  hydrogen  as  unity,  those  of  the 
following  gases  and  vapors  are  expressed  by  numbers  identical  with  their 
atomio  weight1*: 


Hydrogen 

.      1 

Oxygen    . 

.    16 

Chlorine 

85.5 

Sulphur 

82 

Bromine 

.    80 

Selenium 

.    79 

Iodine 

.       127 

Tellurium    . 

.      128 

The  exceptions  to  this  rule  are  exhibited  by  phosphorus  and  arsenic,  whose 
vapor-densities  are  twice  as  great  as  their  atomic  weights,  that  of  phos- 
phorus being  62,  and  that  of  arsenic  150;  and  by  mercury  and  cadmium, 
whose  vapor-densities  are  the  halves  of  their  atomic  weights,  that  of  mer- 
cury being  100,  and  that  of  cadmium  56. 

Laws  of  Combination  bt  Volume.  —  From  the  preceding  relations,  it 
follows  that  the  volumes  of  any  two  elementary  gases  which  make  up  a 
compound  molecule,  are  to  one  another  in  the  same  ratio  as  the  numbers  of 
atoms  of  the  same  elements  which  enter  into  the  compound,  excepting  in 
the  case  of  phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus 
determined  has  to  be  halved,  and  of  mercury  and  cadmium,  for  which  it 
must  be  doubled ;  thus : 

The  molecule  HC1     contains        1  vol.  H  and  1  voL  CI. 

O. 

N. 

P. 

P. 
As. 
As. 
Hg. 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into  combi- 
nation be  called  the  combining  volume  of  that  element,  the  law  of  combi- 
nation may  be  expressed  as  follows:  The  combining  volumes  of  all  elementary 
gases  are  equal,  excepting  those  of  phosphorus  and  arsenic,  which  are  only  half 
those  of  the  other  elements  in  the  gaseous  slate,  and  those  of  mercury  and  cadmium, 
which  are  double  those  of  the  other  elements. 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous  elements 
combine  together  may  be  expressed  by  very  simple  numbers.  This  is  the 
"Law  of  Volumes,"  first  observed  by  Humboldt  and  Gay-Lussao  in  1805, 
with  regard  to  the  combination  of  oxygen  and  hydrogen,  and  afterwards 
established  in  other  cases  by  Gay-Lussac,  whose  observations,  published  in 
his  "  Theory  of  Volumes,"  afforded  new  and  independent  evidenoe  of  the 
combination  of  bodies  in  definite  and  multiple  proportions,  in  corroboration 
of  that  derived  from  the  previously  observed  proportions  of  combination 
by  weight. 

Gay-Lussao  likewise  observed  that  the  product  of  the  union  of  two  gases, 


H-0 

<< 

H3N 

(C 

H.P 

«( 

{ 

C^As 

H 

{ 

Cl,Hg" 

It 

2   " 

H 

<c 

1 

8   " 

H 

«< 

1 

8   " 

H 

c< 

t 

or  6   " 

H 

it 

8   " 

CI 

« 

t 

or  6   " 

ci 

II 

2   " 

CI 

it 

2 
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when  itself  a  gas,  sometimes  retains  the  original  Yolume  of  its  constituents, 
no  contraction  or  change  of  yolume  resulting  from  the  combination,  but 
that  when  contraction  takes  place,  which  is  the  most  oommon  case,  the 
volume  of  the  compound  gas  always  bears  a  simple  ratio  to  the  volumes  of 
its  elements;  and  subsequent  observation,  extended  over  a  very  large  num- 
ber of  compounds,  organic  as  well  as  inorganic,  has  shown  that,  with  a  few 
exceptions,  probably  only  apparent,  the  molecule*  of  compound  bodies  in  the 
gaseous  state  occupy  twice  the  volume  of  an  atom  of  hydrogen  gas.  No  matter 
what  may  be  the  number  of  atoms  or  volumes  that  enter  into  the  compound, 
they  all  become  condensed  into  two  volumes,  thus: 

1  vol.  H  and  1  vol.  CI  form  2  vol.  HC1,  hydrochloric  acid. 

1  "    N    "    1    "    0      "    2    "    NO,  nitrogen  dioxide. 

2  "    H    "    1    "    0      "    2    "    H,0,  water. 

3  «    H    "    1    "    N      ««    2    "    HSN,  ammonia. 

3  "    H    "    I    •«    P      "    2    "    HgP,  hydrogen  phosphide. 

Similarly  in  the  union  of  compound  gases,  e.  g. 

1  vol.  ethyl,  CjH*  and  1  vol.  CI,  form  2  voL  C|HfCl,      ethyl 

chloride. 

2  «   ethyl,  C,^    «    1    "    0       "2    "   (CjHJjO,    ethyl 

oxide. 
2   "  ethene,  CjH^    "    2    "    CI      "2    "   C^Cl,,   ethene 

chloride. 
2    "  ethene,  C,^    "    1    •«    0       "2    "  C,H40,     ethene 

oxide. 

Hence  it  follows  that  (he  specific  gravity  of  any  compound  got  or  vapor,  re- 
ferred to  hydrogen  as  unity,  is  equal  to  half  its  atomic  or  molecular  weight. 

The  quotient  obtained  by  dividing  the  molecular  weight  of  a  body  by  its 
specific  gravity  is  called  its  Specific  or  Atomic  volume ;  hence  the  law  just 
stated  may  also  be  thus  expressed :  The  specific  volumes  of  compound  gates  or 
report  referred  to  that  of  hydrogen  as  unity  aref  with  a  few  exceptions,  equal  to  2. 
We  shall  presently  show  that  the  same  law  applies  to  the  specific  volumes 
of  the  elementary  gases  themselves. 

For  many  years  past,  attempts  have  been  made  to  extend  to  solids  And  liquids 
the  results  of  Gay-Lussao's  discovery  of  the  law  of  gaseous  combination  by 
volume,  the  specific  volumes  of  the  bodies  in  question  being  determined  by 
the  method  pursued  in  the  case  of  gases — namely,  by  dividing  the  mole- 
cular weight  by  the  specific  gravity.  The  numbers  obtained  in  this  manner, 
representing  the  speoi6c  volumes  of  the  various  solid  and  liquid  elementary 
substances,  present  far  more  cases  of  discrepancy  than  of  agreement.  The 
latter  are,  however,  sufficiently  numerous  to  excite  great  interest  in  the  in- 
vestigation. Some  of  the  results  pointed  out  are  exceedingly  curious  as 
far  as  tbey  go,  but  are  not  as  yet  sufficient  to  justify  any  general  conclusion. 
The  inquiry  is  beset  with  many  great  difficulties,  chiefly  arising  from  the 
unequal  expansion  of  solids  and  liquids  by  heat,  and  the  great  differences 
of  physical  state,  and,  consequently,  of  specific  gravity,  often  presented  by 
the  former. 

THE  ATOMIC  THEORY. 

The  laws  of  chemical  combination,  and  the  relations  between  atomic  and 
equivalent  weights  above  explained,  are  the  result  of  pure  experimental  in- 
quiry, and  independent  of  all  hypothesis.  In  this,  however,  as  in  other 
branches  of  science,  the  comprehension  of  experimental  results  may  be 
greatly  facilitated  by  endeavoring  to  refer  them  to  a  general  law  or  mode 
of  action.  That  no  attempt  should  be  made  to  explain  the  manner  in  which 
20 
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chemical  compounds  are  formed,  and  to  point  out  the  nature  of  the  relations 
between  the  different  modifications  of  matter  which  determine  chemical 
changes,  would,  indeed,  be  contrary  to  the  speculatiTe  tendency  of  the 
human  mind.  Such  an  attempt — and  a  very  ingenious  and  successful  one 
it  is — has,  in  fact,  been  made,  namely,  the  atomic  hypothesis  of  Dr.  Dalton. 

From  very  ancient  times,  the  question  of  the  constitution  of  matter  with 
respect  to  divisibility  has  been  debated,  some  adopting  the  opinion  that  this 
divisibility  is  infinite,  and  others,  that  when  the  partioteB  become  reduced 
to  a  certain  degree  of  tenuity,  far,  indeed,  beyond  any  state  that  can  be 
reached  by  mechanical  means,  they  cease  to  be  further  diminished  in  magni- 
tude; they  become,  in  short,  atom*.*  Now,  however  the  imagination  may 
succeed  in  figuring  to  itself  the  condition  of  matter  on  either  view,  it  is 
hardly  necessary  to  mention  that  we  have  absolutely  no  means  at  our  dis- 
posal for  deciding  such  a  question,  which  remains  at  the  present  day  in  the 
same  state  as  when  it  first  engaged  the  attention  of  the  Greek  philosophers, 
or  perhaps  that  of  the  sages  of  Egypt  and  Hindoatan  long  before  them. 

Dalton'B  hypothesis  sets  out  by  assuming  the  existence  of  such  atoms  or 
indivisible  particles,  and  states,  that  compounds  are  formed  by  the  union  of 
atoms  of  different  bodies,  one  to  one,  one  to  two,  &c.  The  compound  atom, 
or  molecule,  joinB  itself  in  the  same  manner  to  a  compound  atom  of  another 
kind,  and  a  combination  of  the  second  order  results.  Let  it  be  granted, 
further,  that  the  atoms  of  different  elements  have  different  weights,  fixed 
and  invariable  for  each,  and  the  hypothesis  becomes  capable  of  rendering 
consistent  and  satisfactory  reasons  for  all  the  observed  numerical  laws  of 
chemical  combination. 

Chemical  oompounds  must  always  be  definite;  they  must  always  contain 
the  same  number  of  atoms  of  the  same  kind  arranged  in  a  similar  manner. 
The  same  kind  and  number  of  atoms  need  not,  however,  of  necessity  pro- 
duce the  same  substance,  for  they  may  be  differently  arranged ;  and  much 
depends  upon  this  circumstance. 

Again,  the  law  of  multiple  proportions  is  perfectly  well  explained.  One 
atom  of  carbon  unites  with  one  atom  of  oxygen  to  form  carbon  monoxide, 
and  with  two  atoms  to  form  carbon  dioxide;  one  atom  of  sulphur  with  two 
and  three  atoms  of  oxygen  to  form  the  dioxide  and  trioxide  of  sulphur; 
one  atom  of  phosphorus  with  three  and  five  atoms  of  chlorine  to  form  the 
trichloride  and  pentachloride  of  phosphorus;  two  atoms  of  nitrogen  with 
one,  two,  three,  four  and  five  atoms  of  oxygen  to  form  the  five  oxides  already 
mentioned  (pp.  167,  220). 

The  atomic  hypothesis  likewise  affords  an  easy  explanation  of  the  manner 
in  whioh  bodies  replace  or  may  be  substituted  one  for  the  other.  Here, 
however,  we  come  upon  an  extension  of  the  original  Daltonian  hypothesis. 
It  was  formerly  supposed  that  when  one  element  replaoed  another  in  com- 
bination, the  substitution  always  took  place  atom  for  atom ;  and  accordingly 
the  terms  "atoms"  and  "equivalent"  were  regarded  as  synonymous,  at 
least  so  far  as  numerical  value  was  concerned.  But,  according  to  the 
atomio  weights  now  adopted,  and  determined  by  the  considerations  above 
explained,  we  must  suppose  that  one  atom  of  an  element  may  take  the  place 
of  two,  three,  four  atoms,  &c,  of  another.  It  is  only,  in  fact,  the  atoms 
of  monogenio  elements  that  can  replace  each  other  one  by  one:  an  atom 
of  a  polygenio  element,  on  the  other  hand,  always  takes  the  place  of,  or  is 
equivalent  to,  two  or  more  atoms  of  a  monogenic  element. 

This  difference  of  equivalent  or  saturating  power  is  often  denoted  by 
placing  dashes  or  Roman  numerals  to  the  right  of  the  symbol  of  an  ele- 
ment, and  at  the  top,  as  0",  B'",  Cl\  &o. ;  and  the  several  elements  are 
designated  as 

•  '*r«p«,  that  which  cannot  t*  cat. 
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Univalent  elements,  or  Monads,  as  H 


Bivalent             " 

Dyads 

u     Q// 

Trivalent          " 

Triads 

«  W" 

Quadrivalent    " 

Tetrads 

U    Qh 

Quinquivalent  " 

Pentads 

«    pr 

Sexvalent          " 

Hexads 

"    W* 

Element*  of  even  equivalency,  yiz.,  the  dyads*  tetrads,  and  hexads,  are 
also  included  under  the  general  term  artiad**  and  those  of  uneven  equiva- 
lency, viz.,  the  monads,  triads,  and  pentads,  are  designated  generally  as 
perigsadi.f 

Another  method  of  indicating  the  equivalent  values  of  the  elementary 
atoms,  and  the  manner  in  which  they  are  satisfied  by  oombination,  is  to 
arrange  the  symbols  in  diagrams  in  which  each  element  is  connected  with 
others  by  a  number  of  lines,  or  connecting  bonds,  corresponding  to  its 
degree  of  equivalence ;  J  a  monad  being  connected  with  other  elements  by 
only  one  such  bond,  a  triad  by  three,  a  hexad  by  six,  &c,  as  in  the  follow- 
ing examples: — 

Water,  OH, H— 0— H 

Carbon  dioxide,  CO, 0«C*»0 

CI 

Ammonium  chloride,  NHAC1        .        .        .  ^  N<^ 

H^        ^*H 
0 
II 
Sulphuric  oxide,  SO. 8aO 

II 
0 

0 

II 
Sulphuric  acid,  SO^H,        ....         H— O    S    0— H 

II 
0 

0 

I 

Nitric  acid,  NO.H  .  ...  N— O— H 

I 

0 

0  0 

II  II 

Zinc  nitrate,  N.OgZn N— 0— Zn— O— N 

II  II 

0  0 

It  must  be  distinctly  understood  that  these  formulas — which  may  be  called 
mtttfutional  formula — are  not  intended  to  represent  the  actual  arrangement 

*  'Aprmg,  em.  f  Utptovbt,  uneven. 

t  The  symbols  of  the  elements  in  these  diagrams  are  often  enclosed  in  circles  to  represent  the 
"torn*,  with  rays  diverging  from  them  to  indicate  the  number  of  connecting  bonds ;  such  for- 
Bml*  an  called  graphic  formula ;  but  the  circles  do  not  add  anything  to  tho  cleiirnem  of  the 
^presentation,  and  may  as  well  be  omitted.  For  lecture  and  class  illustration,  solid  diagrams 
v«  eonstracted,  with  wooden  balls  of  rations  colors,  to  represent  the  atoms,  having  holes  for 
tu  insertion  of  connecting  rods;  these  representations  are  called  glyptic  formula. 
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of  the  atoms  in  a  compound;  indeed,  even  if  we  had  a  distinct  notion  of 
the  manner  in  which  the  atoms  of  any  compound  are  arranged,  it  could  not 
be  adequately  represented  on  a  plane  surface.  The  lines  connecting  the 
different  atoms  indicate  nothing  more  than  the  number  of  units  of  equiva- 
lency belonging  to  the  several  atoms,  and  the  manner  in  which  they  are 
disposed  of  by  combination  with  those  of  other  atoms.  Thus  the  formula 
for  nitric  acid  indicates  that  two  of  the  three  constituent  oxygen-atoms  are 
combined  with  the  nitrogen  alone,  and  are  consequently  attached  to  that 
element  by  both  their  units  of  equivalency,  whereas  the  third  oxygen-atom 
is  combined  both  with  nitrogen  and  with  hydrogen. 

By  inspection  of  the  preceding  diagrams,  it  will  be  observed  that  eTery 
atom  of  a  compound  has  each  of  its  units  of  equivalency  satisfied  by  com- 
bination with  a  unit  belonging  to  some  other  atom.  Such,  indeed,  is  the 
case  in  every  saturated  or  normal  compound.  Accordingly,  it  is  found  that  in 
all  such  compounds  the  sum  of  the  perissad  elements  is  always  an  even  num- 
ber. Thus  a  compound  may  contain  two,  four,  six,  Ac,  monad  atoms,  as 
HC1,  OHr  CH4,  CsHj,  C8H9,  SiH9Cl;  or  one  monad  and  one  triad  atom,  as 
BC1,;  or  one  pentad  and  five  monads,  as  NH4C1;  but  never  an  uneven  num- 
ber of  perissad  atoms.  This  is  the  "law  of  even  numbers"  announced 
some  years  ago  by  Oerhardt  and  Laurent  as  a  result  of  observation.  It 
was  long  received  with  doubt,  but  has  now  been  confirmed  by  the  analysis 
of  so  many  well-defined  compounds,  that  a  departure  from  it  is  looked  upon 
as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist  in  the 
free  state,  but,  when  separated  from  any  compound,  tend  to  combine  with 
other  atoms,  either  of  the  same  or  of  some  other  element.  Perissad  ele- 
ments, like  hydrogen,  chlorine,  nitrogen,  Ac,  separate  from  their  compounds 
in  pairs;  their  molecule  contains  two  atoms,  e.g.  H  — H.  Artiad  elements 
may  unite  in  groups  of  two,  three,  or  more ;  thus  the  molecule  of  oxygen, 
in  its  ordinary  state,  probably,  contains  two  atoms,  that  of  osone  three 
atoms;  thus: 

Oxygen 0=0 

Otone 0  —  0 

\y 

0 

The  tendency  of  elementary  atoms  to  separate  in  groups  is  shown  in 
various  ways.  Thus  when  copper  hydride,  Cu,Hf  (to  be  hereafter  de- 
scribed), is  decomposed  by  hydrochloric  acid,  a  quantity  of  hydrogen  is 
given  off  equal  to  twice  that  which  is  contained  in  the  hydride  itself;  thus: 

CujH,  -J-  2HC1  =  CujCl,  -J-  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on  cuprous 
oxide: 

Cu,0  +  2HC1  =  CujCl,  +  0Hr 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric  acid 
unites  with  oxygen,  in  the  former  with  hydrogen.  Again,  when  solutions 
of  sulphurous  acid  and  sulph-hydrio  acid  are  mixed,  the  whole  of  the  sul- 
phur is  precipitated : 

S0SH,  +  2SH,  =  80H,  +  S.S, 

the  action  being  similar  to  that  of  sulphurous  acid  on  selenhydric  acid: 

SOsHf  +  2SCH,  =  80H,  -f  S.Ser 

In  the  one  case,  a  sulphide  of  selenium  is  precipitated;  in  the  other,  a 
sulphide  of  sulphur.     The  precipitation  of  iodine,  which  takes  place  on 
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nixing  hydriodic  mcid  with  iodic  acid,  affords  a  similar  instance  of  the 
combination  of  homogeneous  atoms: 

5IH  +     IOsH     =  80H,  =        811 

Hydriodic  acid.     Iodic  acid.     Water.     Free  iodine. 

Another  striking  illustration  of  this  mode  of  action  is  afforded  by  the  re- 
daction of  certain  metallic  oxides  by  hydrogen  dioxide.  When  silver  oxide 
is  thrown  into  this  liquid,  water  is  formed ;  the  silver  is  reduoed  to  the 
metallic  state,  and  a  quantity  of  oxygen  is  evolved  equal  to  twioe  that  which 
is  contained  in  the  silver  oxide: 

OAg,    +      0,H,      =     OH,    +     Ag,     +      00 
Silver        Hydrogen        Water.         Silver.        Oxygevi. 
oxide.  dioxide. 

Further,  elementary  bodies  frequently  act  upon  others  as  if  their  atoms 
were  associated  in  binary  groups.  Thus,  chlorine  acting  upon  potash 
forms  two  compounds,  the  chloride  and  hypochlorite  of  potassium  (p.  185) : 

C1C1  +  OKK  =  C1K  -f  0C1K. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds,  one  atom 
of  ehlorine  removes  one  atom  of  hydrogen  as  hydrochloric  acid,  while  an- 
other atom  of  chlorine  takes  the  place  of  the  hydrogen  thus  removed.  For 
example,  in  the  formation  of  chloracetio  acid  by  the  action  of  ohorine  on 
acetic  acid: 


CtH40,  +  C1C1  =  HC1  +  C^CIO, 
setic  acid.  Chloracetio  acid. 


Acetic 

Similarly,  when  metallic  sulphides  oxidise  in  the  air,  both  the  metal  and 
the  sulphur  combine  with  oxygen ;  and  sulphur  acting  upon  potash  forms 
both  a  sulphide  and  a  hyposulphite.  In  all  these  cases  the  atoms  of  the 
elementary  bodies  act  in  pairs. 

On  the  supposition  that  the  molecules  of  elementary  bodies  in  the  gaseous 
state  are  made  up  of  two  atoms,  the  specific  volumes  of  these  gases  will 
come  under  the  same  law  as  that  which  applies  to  compounds  (p.  229) ;  and 
it  may  then  be  stated  generally,  that,  with  the  few  exceptions  already  no- 
ticed, the  specific  gravities  of  all  bodies,  simple  and  compound,  in  the  gaseous 
ttefe,  art  equal  to  half  their  molecular  weights;  or  the  specific  volume  (the  quo- 
tients of  the  molecular  weight  by  the  specific  gravities)  are  equal  to  2. 

Variation  of  Equivalency. — Multivalent  or  polygenic  elements  often  ex- 
hibit varying  degrees  of  equivalency.  Thus  carbon,  which  is  quadrivalent 
in  marsh  gas,  CHf,  and  in  carbon  dioxide,  CO,,  iB  only  bivalent  in  carbon 
monoxide,  CO ;  nitrogen,  which  is  quinquivalent  in  sal-ammoniac,  NH4C1, 
and  the  other  ammonium  Baits,  and  in  nitrogen  pentoxide,  N,0§,  is  trivalent 
in  ammonia,  NH9,  and  in  nitrogen  trioxide,  N,0S,  and  univalent  in  nitrogen 
monoxide,  N,0 ;  sulphur,  also,  which  is  sexvalent  in  sulphur  trioxide,  SO,, 
is  quadrivalent  in  sulphur  dioxide,  80,,  and  bivalent  in  hydrogen  sulphide, 
8Hp  and  in  many  metallic  sulphides.  In  these  cases,  and  in  all  others  of 
varying  equivalency,  the  variation  always  takes  place  by  two  units  of 
equivalency.  It  is  not  very  easy  to  account  for  these  variations ;  but  it  is 
observed  in  all  cases  that  the  compounds  in  which  the  equivalency  of  a  po- 
lygenic element  is  most  completely  satisfied  are  more  stable  than  the  others, 
and  that  the  latter  tend  to  pass  into  the  former  by  taking  up  the  required 
number  of  univalent  or  bivalent  atoms ;  thus,  carbon  monox\de,  CO,  easily 
takes  up  another  atom  of  oxygen  to  form  the  dioxide,  CO, ;  nitrogen  tri- 
ozide,N,Or  is  readily  converted  into  the  pentoxide,  N,05;  ammonia,  NHS, 
unites  readily  with  hydrochloric  acid  to  form  sal-ammoniac,  NH.C1,  &o. 
20* 
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SimiUr  phenomena  are  exhibited  by  many  organo-metallio  bodies,  w  will 
be  explained  further  on. 

From  this  it  seems  most  probable  that  the  true  equivalency  or  atomicity 
of  a  polygenic  element  is  that  which  corresponds  with  the  maximum  num- 
ber of  monad  atoms  with  which  it  can  combine,  but  that  one  or  two  pairs 
of  its  units  of  equivalency  may,  under  certain  circumstances,  remain  un- 
saturated. Whether  a  saturated  or  an  unsaturated  element  is  formed,  will 
depend  on  a  variety  of  conditions,  often  in  great  measure  on  the  relative 
quantities  of  the  acting  substanoes.  Thus,  phosphorus,  which  is  a  pentad 
element,  forms  with  chlorine,  either  a  trichloride,  PCI,,  or  a  pentachloride, 
PClg,  according  as  the  phosphorus  or  the  chlorine  is  in  excess  (p.  217).* 

In  compounds  containing  two  or  more  atoms  of  the  same  polygenic 
element,  one  or  more  units  of  equivalence  belonging  to  each  of  these  atoms 
may  be  neutralized  by  combination  with  those  of  another  atom  of  the  same 
kind,  so  that  the  element  in  question  will  appear  to  enter  into  the  compound 
with  less  than  its  normal  degree  of  equivalence.  Thus,  in  ethane,  or  di- 
methyl, CtHc,  which  is  a  perfectly  stable  compound,  having  no  tendency  to 
take  up  an  additional  number  of  atoms  of  hydrogen  or  any  other  element, 
the  carbon  appears  to  be  trivalent  instead  of  quadrivalent;  similarly  in 
propane,  CsHr  its  equivalence  appears  to  be  reduced  to  f ;  and  in  quartane 
or  diethyl,  C.H^  to  (.  In  all  these  oases,  however,  the  diminution  of 
equivalent  value  in  the  carbon  atoms  is  only  apparent,  as  may  be  seen  from 
the  following  formula) : 


H 
H— C— H 

H 
H— C— H 

H 
H— C— H 

H— C— H 

H— C— H 

H— C— H 

A 

H— C— H 

H— C— H 

A 

H— C— H 

A 

or,  more  shortly,  omitting  the  equivalent  marks  of  the  monad  atoms : 
Ethan*.  Propane.  Quartane. 

»  CH«  CHg  UUg 

CHg  CHg  CHg 

ch,  Ah, 

CHS. 

In  each  of  these  compounds,  every  carbon  atom,  except  the  two  outside 
ones,  has  two  of  its  units  of  equivalence  satisfied  by  combination  with  those 
of  the  neighboring  oarbon  atoms,  while  each  of  the  two  exterior  ones  has 
only  one  unit  thus  satisfied.  Hence  in  any  similarly  constituted  compound 
containing  n  carbon  atoms,  the  number  of  units  of  equivalence  remaining 
to  be  satisfied  by  the  hydrogen  atoms  is  4n  —  2(n  —  2)  —  2  =  2n  -f  2. 
The  general  formula  of  this  series  of  hydrocarbons  is,  therefore,  C,Hj,+3, 
and  the  equivalent  value  of  the  carbon  is  "w+2. 

n 

•  See  also  Krtauneyer,  "Lehrbnch  der  organbehen  Chemie."  Leipzig  and  Heidelberg, 
1*07,  p.  41. 
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la  ©tier  cues,  multivalent  atoms  ma j  be  united  by  two  or  more  of  their 
units  of  equivalence,  so  that  their  combining  power  maj  appear  to  be  still 
farther  reduced,  as  in  the  hydrocarbon,  CSH4,  in  which  the  carbon  may  be 
apparently  bivalent,  and  in  C,Hr  in  which  it  may  appear  to  be  univalent ; 
thus: 

H        — C— H  C— H 

H— C— H  C— H. 

In  all  cases,  the  equivalent  value  or  atomicity  of  an  element  must  be  de- 
termined by  the  number  of  monad  atoms  with  which  it  can  combine.  Of 
dyad  atoms,  indeed,  any  element  or  compound  may  take  up  an  indefinite 
Dumber,  without  alteration  of  its  equivalence  or  combining  powers ;  for 
each  dyad  atom,  possessing  two  units  of  equivalency,  neutralises  one  unit 
in  the  compound  which  it  enters,  and  introduces  another,  leaving,  therefore, 
the  equivalence  or  combining  power  of  the  compound  just  what  it  was  be- 
fore. Thus  potassium  forms  only  one  chloride,  KC1,  and  is,  therefore,  uni- 
valent or  monadic;  but  in  addition  to  the  oxide,  K,0,  corresponding  to 
this  chloride,  it  likewise  forms  two  others,  viz.,  K,0S  and  K,0^  in  the  former 
of  which  it  might  be  regarded  as  dyadic,  and  in  the  latter  as  tetradio ;  but 
the  manner  in  which  dyad  oxygen  enters  these  compounds  is  easily  seen 
by  inspection  of  the  following  diagrams: 


Monoxide 

Dioxide 

Tetroxide 

o<! 

0— K 

0— K 

A 
A 
U 

It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like  manner,  be 
inserted  without  disturbing  the  balance  of  equivalency.  If,  indeed,  we 
tarn  to  the  sulphides  of  potassium,  in  which  the  sulphur  is  dyadic,  like 
0XTS*u»  we  find  the  series,  K,S„  K,Sr  K,Sr  K,S4,  K^S5,  the  constitution  of 
which  may  be  represented  in  a  precisely  similar  manner.  Hence  the  equi- 
valence of  any  element  must  be  determined  by  the  composition  of  its  chlo- 
rides, bromides,  iodides,  or  fluorides,  not  by  that  of  its  oxides  or  sulphides. 

Assuming  then  that  the  maximum  equivalence  of  a  polygenio  element  is 
that  which  represents  its  normal  mode  of  combination,  the  elementary 
bodies  may  be  classified  as  in  the  following  table,  in  which  the  names  of 
the  metalloids  are  printed  in  italics,  those  of  the  metals  in  Roman  type,  and 
the  elements  are  further  divided  by  horizontal  lines  into  groups  consisting 
of  elements  closely  related  in  their  chemical  characters:  in  each  of  these 
groups  the  elements  are  arranged  in  the  order  of  their  atomio  weights,  be- 
ginning with  the  lowest.     (See  Table,  p.  226.) 

The  position  of  several  of  the  elements  in  this  arrangement  must  be  re- 
garded as  still  somewhat  doubtful.  Nitrogen,  phosphorus,  arsenic,  antimony, 
and  trimuth,  though  quinquivalent  in  a  considerable  number  of  compounds, 
»s ammonium-chloride,  NH4C1,  phosphorus  pentachloride,  PClft,  etc.,  never- 
theless form  very  stable  compounds,  as  NHr  AsCl,,  As20s,  etc.,  in  which 
««y  are  trivalent.  It  is  true  that  these  compounds  pass  with  tolerable 
frcflity  into  others  in  which  the  nitrogen,  phosphorus,  etc.,  are  quinqui- 
na^ and  these  latter  show  no  disposition  to  attach  to  themselves  any 
additional  number  of  monad  atoms ;  but,  on  the  other  hand,  these  latter 


236 


ATOMIC  THEORY. 


compounds  do  not  appear  to  be  rery  stable,  inasmuch  as  they  easily  split 
up,  when  volatilised,  in  such  a  manner  as  to  yield  compounds  of  the  triadic 


Monads. 

Dyad*. 

Triad*. 

Tetrads. 

Pentad*. 

Hoftdt, 

Hydrogen 

Oxygen 

Boron 

Carbon 
Silicon 
Titanium 
Tin 

Nitrogen 

Phosphorue 

Vanadium 

Arsenic 

Antimony 

Bismuth 

Sulphur 
Selenium 
Tellurium 

Fluorine 
Chlorine 

Calcium 

Strontium 

Barium 

Gold 

Bromine 
Iodine 

Thallium 

Chromittm 
Molyb- 
denum 
Tungsten 

Aluminium 
Zirconium 

Berylium 

Yttnuui 

Lanthanum 

Didymium 

Erbium 

Thorinum 

Niobium 
Tantalum 

Sodium 
Potassium 
Rubidium 
Caesium 

Rhodium 

Ruthenium 

Palladium 

Platinum 

Iridium 

Osmium 

Silver 

Magnesium 

Zino 

Cadmium 

Lead 

Copper 
Mercury 

Manganese 

Iron 

Cobalt 

Nickel 

Cerium 

Indium 

Uranium 

class;    sal-ammoniac,  for  example,  into  hydrochloric  acid  and  ammonia, 
phosphorus  pentachloride  into  free  chlorine  and  the  trichloride : 


PCI,  = 


HC1 

a. 


+ 
+ 


NH- 
PC1«. 


Iron,  and  the  metals  which  follow  it  in  the  table,  are  sometimes  classed 
as  hexads,  on  account  of  their  analogy  with  chromium,  which  is,  undoubtedly, 
hexadic,  inasmuch  as  it  forms  a  hexfluoride,  CrF6.  Neither  of  these  metals, 
however,  is  known  to  form  any  well-defined  compounds  in  which  it  is  more 
than  quadrivalent.  Iron,  for  example,  is  bivalent  in  the  ferrous  salts,  as 
Fe//Clr  and  quadrivalent  in  the  ferrio  compounds,  ferric  chloride,  Fe^lf, 

FeClg 
being  constituted  in  the  manner  shown  by  the  formula  I  Manganese 

FeCL 
is  inferred  to  be  a  hexad,  on  acoount  of  the  isomorphism  and  similarity  of 
composition  between  the  magnates  and  the  chromates :  but  the  isomorphism 
of  two  elements,  or  their  corresponding  compounds,  does  not  afford  decided 
proof  of  equal  equivalency,  for  the  fluoniobates  are  known  to  be  isomor- 
phous  with  the  fluosilicates  and  fluotitanates ;  and  yet  niobium  is  a  pentad 
element,  whereas  silioium  and  titanium  are  tetrads. 

Sulphur,  selenium,  and  tellurium,  are  usually  regarded  as  dyads,  on  account 
of  the  close  analogy  of  their  compounds  to  those  of  oxygen,  and  especially 
of  their  hydrogen  compounds,  SHr  &c,  to  water.  But  selenium  and  tel- 
lurium form  well-defined  tetrachlorides;  and  even  sulphur  tetrachloride, 
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SCl^  though  it  has  not  been  obtained  in  the  free  state,  is  known  in  combi- 
nation with  metallic  chlorides.  Sulphur  has  also  lately  been  shown  to  form 
certain  organic  compounds  in  which  it  is  tetradic,  and  others  in  which  it 
appears  to  be  hexadic*  Moreover,  the  chemical  relations  of  the  sulphates 
are  much  more  clearly  represented  by  formulae,  in  which  sulphur  is  sup- 
posed to  be  hexadic  (like  that  given  for  sulphuric  acid  on  page  281),  than 
by  formula  into  which  it  enters  as  a  dyad ;  and  similar  remarks  apply  to 
the  selenates  and  tellurates;  for  these  reasons,  sulphur,  selenium,  and 
tellurium,  are  most  conveniently  regarded  as  hexads,  though  they  sometimes 
enter  into  combination  as  tetrads,  and  Tory  frequently  as  dyads. 

Compound  Radicals.  —  Suppose  one  or  more  of  the  component  atoms  of  a 
fully  saturated  molecule  to  be  removed :  it  is  clear  that  the  remaining  atom 
or  group  of  atoms  will  no  longer  be  saturated,  but  will  have  a  combining 
power  corresponding  to  the  number  of  units  of  equivalency  removed.  Such 
unsaturated  groups  are  called  residues  or  radicals.  Methane,  CH4,  is  a  fully 
saturated  compound;  but  if  one  of  its  hydrogen  atoms  be  removed,  the 
residue  CH.  (called  methyl),  will  be  ready  to  combine  with  one  atom  of  a 
univalent  element,  such  as  chlorine,  bromine,  &c,  forming  the  compounds 
CHjCi,  CH,Br,  Ac. ;  two  atoms  of  it  unite  in  like  manner  with  one  atom  of 
oxygen,  sulphur,  and  other  bivalent  elements,  forming  the  compounds 
0"(CHs)r  S"fCHa)2,  &c. ;  three  atoms  with  nitrogen  yielding  N"(CHS),,  &c. 

The  removal  of  two  hydrogen-atoms  from  CH4  leaves  the  bivalent  radical 
CHr  called  metkene,  which  yields  the  compounds  CH,C12,  CH20,  CH2S,  &o. 
The  removal  of  three  hydrogen  atoms  from  CH4  leaves  the  trivalent  radical 
CH,  which,  in  combination  with  three  chlorine-atoms,  constitutes  chloro- 
form, CHC1,.  And,  finally,  the  removal  of  all  four  hydrogen-atoms  from 
CH4  leaves  the  quadrivalent  radical  carbon  CT,  capable  of  forming  the  com- 
pounds CC14,  CSr  &c. 

In  like  manner,  ammonia,  NHS,  in  which  the  nitrogen  is  trivalent,  yields, 
by  removal  of  one  hydrogen-atom,  the  univalent  radical  amidogen  NHr 
which  with  one  atom  of  potassium  forms  potassamine,  NH2K,  and  when 
combined  with  one  atom  of  the  univalent  radical  methyl,  CHr  forms  methy- 
lamine,  NELfCH,),  &c.  The  abstraction  of  two  hydrogen-atoms  from  the 
molecule  NH,,  leaves  the  bivalent  radical  imidogen,  NH,  which  with  two 
methyl-atoms  forms  dimethylamine,  NH(CHS)2,  &o. ;  and  the  removal  of  all 
three  hydrogen-atoms  from  NH8,  leaves  nitrogen  itself,  which  frequently 
acts  as  a  trivalent  element  or  radical,  forming  tripotassamine  NKg,  trime- 
thylamine  N(CH,)r  &c. 

Finally,  the  molecule  of  water,  OH„  by  losing  an  atom  of  hydrogen,  is 
converted  into  the  univalent  radical  hydroxyl,  OH,  which,  in  its  relations  to 
other  bodies,  is  analogous  to  chlorine,  bromine,  and  iodine,  and  may  be 
mbstituted  in  combination  for  one  atom  of  hydrogen  or  other  monads. 
Thus,  water  itself  may  be  regarded  as  H.HO,  analogous  to  hydrochlorio 
acid  HCl;  potassium  hydrate  as  K.HO,  analogous  to  potassium  chloride; 
barium  hydrate,  as  Ba//.(OH)t,  analogous  to  barium  chloride  Ba//Cl2. 

In  a  similar  manner,  the  univalent  radical,  polassozyl,  KO,  may  be  derived 
from  potassium  hydrate ;  the  bivalent  radical,  zincoxyl,  Zn02,  by  abstraction 
of  Hsfrom  sine  hydrate,  Zn"HtOr  The  essential  character  of. these  oxy- 
genated radicals  is  that  each  of  the  oxygen  atoms  contained  in  them  is 
united  to  the  other  atoms  by  one  unit  of  equivalency  only,  so  that  the 
radical  has  necessarily  one  or  two  units  unconnected ;  thus : 

Hydroxyl H— O— 

Potassoxyr K— O— 

Zincoxyl O— Zn— O— 

*  Sulphur  trfethiodide,  8*  (C,H.VI 
Sulphur  dtothene-dibromidft,  8**  (CjH^'iBi,. 
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From  the  preceding  explanations  of  the  mode  of  derivation  of  compound 
radicals,  it  is  clear  that  there  is  no  limit  to  the  number  of  them  which  may 
be  supposed  to  exist;  in  fact,  it  is  only  necessary  to  suppose  a  number  of 
units  of  equivalency  abstracted  from  any  saturated  molecule,  in  order  to 
obtain  a  radical  of  corresponding  combining  power  or  equivalent  value. 
But  unless  a  radical  can  be  supposed  to  enter  into  a  considerable  number 
of  compounds,  thus  forming  them  into  a  group  like  the  salts  of  the  same 
metal,  there  is  nothing  gained  in  point  of  simplicity  or  comprehensiveness 
by  assuming  its  existence. 

It  must,  also,  be  distinctly  understood  that  these  compound  radicals  da 
not  necessarily  exist  in  the  separate  state,  and  that  those  of  uneven  equi- 
valency, like  methyl,  cannot  exist  in  that  state,  their  molecules,  if  liberated 
from  combination  with  others,  always  doubling  themselves,  as  we  have  seen 
lo  be  the  case  with  most  of  the  elementary  bodies.  Thus  hydroxyl  — O — H 
is  not  known  in  the  free  state,  the  actually  existing  compound  containing 
the  same  proportions  of  hydrogen  and  oxygen,  being  0,HS  or  H — O — O — H. 
In  like  manner,  methyl,  CHr  has  no  separate  existence,  but  dimethyl 
CvHa  ts  a  known  compound: 

Methyl.  Dimethyl. 

H  H 

H— C— H  H-C— H 

1  H-i-H 
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CHEMICAL  AFFINITY. 

THE  term  chemical  affinity,  or  chemical  attraction,  has  been  invented  to 
describe  that  particular  power  or  force,  in  virtue  of  which,  union,  often 
of  a  very  intimate  and  permanent  nature,  takes  place  between  two  or  more 
bodies,  in  such  a  way  as  to  give  rise  to  a  new  substance,  having,  for  the 
most  part,  properties  completely  in  discordance  with  those  of  its  components. 

The  attraction  thus  exerted  between  different  kinds  of  matter  is  to  be 
distinguished  from  other  modifications  of  attractive  force  which  are  exerted 
radiscriminately  between  all  descriptions  of  substances,  sometimes  at  enor- 
mous distances,  sometimes  at  intervals  quite  inappreciable.  Examples  of 
the  latter  are  to  be  seen  in  oases  of  what  is  called  cohesion,  when  the  par- 
ticles of  solid  bodies  are  immovably  bound  together  into  a  mass.  Then,  there 
are  other  effects  of,  if  possible,  a  still  more  obscure  kind ;  such  as  the  various 
actions  of  surface,  the  adhesion  of  certain  liquids  to  glass,  the  repulsion 
of  others,  the  ascent  of  water  in  narrow  tubes,  and  a  multitude  of  curious 
phenomena  which  are  described  in  works  on  Natural  Philosophy,  under  the 
head  of  molecular  action*.  From  all  these,  true  chemical  attraction  may  be 
at  once  distinguished  by  the  deep  and  complete  change  of  characters  which 
follows  its  exertion :  we  might  define  affinity  to  be  a  force  by  whioh  new 
substances  are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each  other  in 
chemical  properties  evince  the  greatest  tendency  to  enter  into  combination ; 
and,  conversely,  bodies  between  which  strong  analogies  and  resemblances 
can  be  traced  manifest  a  much  smaller  amount  of  mutual  attraction.  For 
example,  hydrogen  and  the  metals  tend  very  strongly  indeed  to  combine 
with  oxygen,  chlorine,  and  iodine,  but  the  attraction  between  the  different 
members  of  these  two  groups  is  incomparably  more  feeble.  Sulphur  and 
phosphorus  stand,  as  it  were,  midway :  they  combine  with  substances  of 
one  and  the  other  class,  their  properties  separating  them  sufficiently  from 
both.  Acids  are  drawn  towards  alkalies,  and  alkalies  towards  acids,  while 
union  among  themselves  rarely  if  ever  takes  place. 

Nevertheless,  chemical  combination  graduates  so  imperceptibly  into  mere 
mechanical  mixture,  that  it  is  often  impossible  to  mark  the  limit.  Solution 
u  the  result  of  a  weak  kind  of  affinity  existing  between  the  substance  dis- 
solved and  the  solvent  — an  affinity  so  feeble  as  completely  to  lose  one  of 
its  most  prominent  features  when  in  a  more  exalted  condition — namely, 
power  of  causing  elevation  of  temperature ;  for  in  the  act  of  mere  solution, 
the  temperature  falls,  the  heat  of  combination  being  lost  and  overpowered 
by  the  effects  of  change  of  state. 

The  force  of  chemical  attraction  thus  varies  greatly  with  the  nature  of 
the  substances  between  which  it  is  exerted ;  it  is  influenced,  moreover,  to  a 
▼cry  large  extent,  by  external  or  adventitious  circumstances.  An  idea 
formerly  prevailed  that  the  relations  of  affinity  were  fixed  and  constant 
between  the  same  substances,  and  great  pains  were  taken  in  the  prepara- 
tion of  tables  exhibiting  what  was  called  the  precedence  of  affinities.  The 
order  pointed  out  in  these  lists  is  now  acknowledged  to  represent  the  order 
of  precedence  for  the  circumstance*  under  whioh  the  experiments  were  made, 
but  nothing  more;  so  soon  as  these  circumstances  become  ohanged,  the 
order  is  disturbed.  The  ultimate  effect,  indeed,  is  not  the  result  of  the  ex- 
ercise of  one  single  force,  but  rather  the  joint  effect  of  a  number,  so  com- 
plicated and  so  variable  in  intensity,  that  it  is  but  seldom  possible  to  pre- 
dict the  consequences  of  any  yet  untried  experiment. 

it  will  be  proper  to  examine  shortly  some  of  these  extraneous  causes  to 
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which  allusion  has  been  made,  which  modify  to  so  great  an  extent  the  direct 
and  original  effects  of  the  specific  attractive  force. 

Alteration  of  temperature  may  be  reckoned  among  these.  When  metallic 
mercury  is  heated  nearly  to  its  boiling-point,  and  in  that  state  exposed  for 
a  lengthened  period  to  the  air,  it  absorbs  oxygen,  and  becomes  converted 
into  a  dark-red  crystalline  powder.  This  very  same  substance,  when  raised 
to  a  still  higher  temperature,  separates  spontaneously  into  metallic  mercury 
and  oxygen  gas.  It  may  be  said,  and  probably  with  truth,  that  the  latter 
change  is  greatly  aided  by  the  tendency  of  the  metal  to  assume  the  vaporous 
state ;  but  precisely  the  same  fact  is  observed  with  another  metal,  palladium, 
which  is  not  volatile,  excepting  at  extremely  high  temperatures,  but  which 
oxidises  superficially  at  a  red  heat,  and  again  becomes  reduced  when  the 
temperature  rises  to  whiteness. 

Insolubility  and  the  power  of  vaporisation  are  perhaps,  beyond  all  other 
disturbing  causes,  the  most  potent;  they  interfere  in  almost  every  reaction 
which  takes  place,  and  very  frequently  turn  the  scale  when  the  opposed  forces 
do  not  greatly  differ  in  energy.  It  is  easy  to  give  examples.  When  a  solu- 
tion of  calcium  chloride  is  mixed  with  a  solution  of  ammonium  carbonate, 
double  interchange  ensues,  calcium  carbonate  and  ammonium  chloride  being 
generated:— CaCl,  +  CO,  (NH4)t  =  CO.Ca  4-  2NH4C1.  Here  the  action 
can  be  shown  to  be  in  a  great  measure  determined  by  the  insolubility  of 
the  calcium  carbonate.  Again,  when  dry  calcium  carbonate  is  powdered  and 
mixed  with  ammonium  chloride,  and  the  whole  heated  in  a  retort,  a  subli- 
mate of  ammonium  carbonate  is  formed,  while  calcium  chloride  remains 
behind.  In  this  instance,  it  is  no  doubt  the  great  volatility  of  the  new  am- 
moniacal  salt  which  chiefly  determines  the  kind  of  decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  tube,  and  vapor  of 
water  passed  over  them,  the  water  undergoes  decomposition  with  the  utmost 
facility,  hydrogen  being  rapidly  disengaged,  and  the  iron  converted  into 
oxide.  On  the  other  hand,  oxide  of  iron,  heated  in  a  tube  through  which 
a  stream  of  dry  hydrogen  is  passed,  suffers  almost  instantaneous  reduction 
to  the  metallio  state,  while  the  vapor  of  water,  carried  forward  by  the 
current  of  gas,  escapes  as  a  jet  of  steam  from  the  extremity  of  the  tube. 
In  these  experiments  the  affinities  between  the  iron  and  oxygen  and  the 
hydrogen  and  oxygen  are  so  nearly  balanced,  that  the  difference  of  atmos- 
phere is  sufficient  to  settle  the  point  An  atmosphere  of  steam  offers  little 
resistance  to  the  escape  of  hydrogen;  an  atmosphere  of  hydrogen  bears 
the  same  relation  to  steam ;  and  this  apparently  trifling  difference  of  circum- 
stances iB  quite  enough  for  the  purpose. 

The  decomposition  of  vapor  of  water  by  white-hot  platinum,  pointed  out 
by  Mr.  Grove,  will  probably  be  referred  in  great  part  to  this  influence  of 
atmosphere,  the  steam  offering  great  facilities  for  the  assumption  of  the 
elastic  condition  by  the  oxygen  and  hydrogen.  The  decomposition  ceases 
as  soon  as  these  gases  amount  to  about  y^U  of  the  bulk  of  the  mixture,  and 
can  only  be  renewed  by  their  withdrawal.  The  attraction  of  oxygen  for 
hydrogen  is  probably  much  weakened  by  the  very  high  temperature.  The 
recombination  of  the  gases  by  the  heated  metal  is  rendered  impossible  by 
their  state  of  dilution. 

What  is  called  the  nascent  state  is  one  very  favorable  to  chemical  com- 
bination. Thus,  nitrogen  refuses  to  oombine  with  gaseous  hydrogen ;  yet 
when  these  substances  are  simultaneously  liberated  from  some  previous 
combination,  they  unite  with  great  ease,  as  when  organio  matters  are  de- 
stroyed by  heat,  or  by  spontaneous  putrefactive  change. 

There  is  a  remarkable,  and,  at  the  same  time,  very  extensive  class  of 
actions,  grouped  together  under  the  general  title  of  cases  of  ditpotmg  af- 
finity. Metallic  silver  does  not  oxidise  at  any  temperature:  nay,  more, 
its  oxide  is  easily  decomposed  by  simple  heat;  yet  if  the  finely  divided 
metal  be  mixed  with  siliceous  matter  and  alkali,  and  ignited,  the  whole 
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fuses  to  a  yellow  transparent  glass  of  silver  silicate.  Platinum  is  attacked 
by  fused  potassium  hydrate,  hydrogen  being  probably  disengaged  while 
the  metal  is  oxidized :  this  is  an  effect  which  never  happens  to  silver  under 
the  same  circumstances,  although  silver  is  a  much  more  oxidable  substance 
than  platinum.  The  fact  is,  that  potash  forms  with  the  oxide  of  the  last- 
named  metal  a  kind  of  saline  compound,  in  which  the  platinum  oxide  acts 
as  an  acid ;  and  hence  its  formation  under  the  disposing  influence  of  the 
powerful  base. 

In  the  remarkable  decompositions  suffered  by  various  organio  bodies 
when  heated  in  contact  with  caustic  alkali  or  lime,  wo  have  other  examples 
of  the  same  fact.  Products  are  generated  which  are  never  formed  in  the 
absence  of  the  base;  the  reaction  is  invariably  less  complicated,  and  its 
results  few  in  number  and  more  definite,  than  in  the  event  of  simple  de- 
struction by  a  graduated  heat. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  called  catalysis,  in 
which  effects  are  brought  about  by  the  mere  presence  of  a  substance  which 
itself  undergoes  no  perceptible  change:  the  experiment  mentioned  in  the 
chapter  on  oxygen,  in  which  that  gas  is  obtained,  with  the  greatest  facility, 
by  heating  a  mixture  of  potassium  chlorate  and  manganese  dioxide,  is  an 
excellent  case  in  point.  The  salt  is  decomposed  at  a  very  far  lower  tem- 
perature than  would  otherwise  be  required,  and  yet  the  manganese  oxide 
does  not  appear  to  undergo  any  alteration,  being  found  after  the  experi- 
ment in  the  same  state  as  before.  It  may,  however,  undergo  a  temporary 
alteration.  We  know,  indeed,  that  this  oxide  is  capable  of  taking  up  an 
additional  proportion  of  oxygen  and  forming  manganic  acid;  and  it  is 
quite  possible  that  in  the  reaction  just  considered  it  may  actually  take 
oxygen  from  the  potassium  chlorate,  and  pass  to  the  state  of  a  higher 
oxide,  which,  however,  is  immediately  decomposed,  the  additional  oxygen 
being  evolved,  and  the  manganese-oxide  returning  to  its  original  state. 
The  same  effect  in  facilitating  the  decomposition  of  the  chlorate  is  produced 
by  cupric  oxide,  ferric  oxide,  and  lead  oxide,  all  of  which  are  known  to 
be  susceptible  of  higher  oxidation.  The  oxides  of  zinc  and  magnesium, 
on  the  contrary,  which  do  not  form  higher  oxides,  are  not  found  to  facili- 
tate the  decomposition  of  the  chlorate ;  neither  is  any  such  effect  produced 
by  mixing  the  salt  with  other  pulverulent  substances,  such  as  pounded 
glass  or  pure  silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with  other  effects 
which  are  much  more  intelligible,  as  the  notion  of  finely  divided  platinum 
oq  certain  gaseous  mixtures,  in  which  the  solid  appears  to  condense  the 
gas  upon  its  greatly  extended  surface,  and  thereby  to  induce  combination 
by  bringing  the  particles  within  the  sphere  of  their  mutual  attractions. 

Relations  of  Heat  to  Chemical  Affinity.  — Whatever  may  be  the  real  nature 
of  chemical  affinity,  one  most  important  fact  is  clearly  established  with 
regard  to  it ;  namely,  that  its  manifestations  are  always  accompanied  by 
the  production-or  annihilation  of  heat.  Change  of  composition,  or  chem- 
ical action,  and  heat  are  mutually  convertible:  a  given  amount  of  chemical 
action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity 
of  heat  must  be  directly  or  indirectly  expended,  in  order  to  reverse  or 
undo  the  chemical  action  that  has  produced  it.  The  production  of  heat  by 
chemical  action,  and  the  definite  quantitative  relation  between  the  amount 
of  heat  evolved  and  the  quantity  of  chemical  action  which  takes  place,  are 
roughly  indicated  by  the  facts  of  our  most  familiar  experience ;  thus,  for 
instance,  the  only  practically  important  method  of  produoing  heat  arti- 
ficially consists  in  changing  the  elements  of  wood  and  coal,  together  with 
atmospheric  oxygen,  into  carbon  dioxide  and  water ;  and  every  one  knows 
that  the  heat  which  can  be  thus  obtained  from  a  given  quantity  of  coal  is 
limited,  and  is,  at  least  approximately,  always  the  same. 
21 
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The  accurate  measurement  of  the  quantity  of  heat  produced  by  a  given 
amount  of  chemical  action  is  a  problem  of  very  great  difficulty ;  chiefly 
because  chemical  changes  very  seldom  take  place  alone,  but  are  almost 
always  accompanied  by  physical  changes  involving  further  oalorimetric 
effects,  each  of  which  requires  to  be  accurately  measured  and  allowed  for, 
before  the  effect  due  to  the  chemical  action  can  be  rightly  estimated.  Thus 
the  ultimate  result  has,  in  most  cases,  to  be  deduced  from  a  great  number 
of  independent  measurements,  each  of  which  is  liable  to  a  certain  amount 
of  error.  It  is  therefore  not  surprising  that  the  results  of  various  experi- 
ments should  differ  to  a  comparatively  great  extent,  and  that  some  uncer- 
tainty should  still  exist  as  to  the  exact  quantity  of  heat  corresponding  to 
even  the  simplest  cases  of  chemical  action. 

The  experiments  are  made  by  enclosing  the  acting  substances  in  a  Teasel 
called  a  calorimeter,  surrounded  by  water  or  mercury,  the  rise  of  tempera- 
ture in  which  indicates  the  quantity  of  heat  evolved  by  the  chemical  action, 
after  the  necessary  corrections  hare  been  made  for  the  heat  absorbed  by  the 
containing  vessel  and  the  other  parts  of  the  apparatus,  and  for  the  amount 
lost  by  radiation,  &c.  Combustions  in  oxygen  and  chlorine  are  made  in  a 
copper  vessel  surrounded  by  water ;  the  heat  evolved  by  the  mutual  action  of 
liquids  or  dissolved  substances  is  estimated  by  means  of  a  smaller  calorimeter 
containing  mercury.  The  construction  of  these  instruments  and  the  methods 
of  observation  involve  details  which  are  beyond  the  limits  of  this  work.* 

The  following  table  gives  the  quantities  of  heat,  expressed  in  heat-units, f 
evolved  in  the  combustion  of  various  elements,  and  a  few  compounds,  in 
oxygen,  referred:  (1)  to  1  gram  of  each  substance  burned;  (2)  to  1  gram 
of  oxygen  consumed ;  (8)  to  one  atom  or  molecule  (expressed  in  grams)  of 
the  various  substances :  — 

Heat  of  Combustion  of  Elementary  Subttaneet  in  Oxygen. 


Unite  of  heat  evolved 

Substance. 

Product 

by  1  fna.  «f 

by  1  gram 
of oxygen. 

by  1  at.  of 

Otweitei 

rabataaoa. 

subaUM.. 

Hydrogen    .     .     . 

OH, 

f  38881 
\  84462 

4285 
4808 

53881 
64462 

Andrews. 

Favre  &  Silbennann. 

Carbon : 

Wood-charcoal 

CO, 

/7900 
\8080 

2962 
8080 

94800 
96960 

Andrews. 

Favre  &  Silbennann. 

Gas  retort  carbon 

«< 

8047 

8018 

96564 

•« 

•< 

Native  graphite 

«< 

7797 

2924 

93564 

u 

U 

Artificial  graphite 

«* 

7762 

2911 

98144 

u 

<< 

Diamond    .     .     . 

a 

7770 

2914 

98940 

«< 

u 

Sulphur: 

Native  .... 

SO, 

2220 

2220 

71040 

« 

u 

Recently  melted . 

<« 

2260 

2260 

72320 

« 

«« 

Flowers     .     .    . 

« 

2307 

2807 

78821 

Andrews. 

Phosphorus : 

(Yellow)    .     .     . 
Zmc 

ZnO 

6747 

4454 

178167 

« 

1380 

5390 

86450 

« 

Iron 

Fe,04 

1582 

4158 

88692 

u 

Tin 

SnO, 

1147 

4280 

185860 

H 

Copper    .... 

CuO 

608 

2894 

88804  J         " 

•  See  MUler*a  Chemical  Phytic*,  pp.  388,  H  $eqn  and  Watted  Dictionary  of  Chemistry,  HL 
28,103. 

f  The  unit  of  heat  here  adopted,  !•  the  quantity  of  heat  required  to  raise  1  gram  of  water 
from0°toloC. 
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The  following  results  have  been  obtained  by  the  complete  combustion  of 
partially  oxidized  substances : 


Carbon  monoxide,  CO 

Stannous  oxide,  SnO 
Cuprous  oxide,  Cu,0 


Product. 


CO, 

SnOs 
CuO 


Unite  of  heat  evolved 


by  1  grm.      In  ferawUoa  of 
ofiub-        1       ■  -- 


J  2403 

\2431 
519 
256 


67284 
68064 
69584 
18304 


Favre  &  Silbermann. 
Andrews. 


The  last  three  substances  in  this  table  contain  exactly  half  as  much 
oxygen  as  the  completely  oxidized  products ;  and  on  comparing  the  amount 
of  heat  evolved  in  the  formation  of  one  molecule  of  stannic  or  cuprio  oxide 
from  the  corresponding  lower  oxide,  with  the  quantity  produced  when  a 
molecule  of  the  same  product  is  formed  by  the  complete  oxidation  of  the 
metal  in  one  operation,  we  find  that  the  combination  of  the  second  half  of 
the  oxygen  contained  in  these  bodies  evolves  sensibly  half  as  much  as  the 
combination  of  the  whole  quantity.  In  the  formation  of  carbon  dioxide, 
however,  the  second  half  of  the  oxygen  appears  to  develop  more  than  two 
thirds  of  the  total  amount  of  heat;  but  this  result  is  probably  due,  in  part 
at  least,  to  the  fact  that  when  carbon  is  burned  into  carbon  dioxide,  a  con- 
siderable but  unknown  quantity  of  heat  is  expended  in  converting  the  solid 
carbon  into  gas,  and  thus  escape  measurement ;  while,  in  carbon  monoxide, 
the  carbon  already  exists  in  the  gaseous  form,  and  therefore  no  portion  of 
the  heat  evolved  in  the  combustion  of  this  substance  is  similarly  expended 
in  producing  a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given  of  the 
inequalities  in  the  quantities  of  heat  produced  by  the  combustion  of  differ- 
ent varieties  of  pure  carbon  and  of  sulphur — that  is  to  say,  that  a  portion 
of  the  heat  generated  by  the  combustion  of  diamond  and  graphite  goes  to 
assimilate  their  molecular  condition  to  that  of  wood-charcoal,  and  that  there 
is  an  analogous  expenditure  of  heat  in  the  combustion  of  native  sulphur. 

Combustions  in  Chlorine,  and  Direct  Combination  of  Chlorine,  Bromine,  and 
Iodine  teith  other  Element*.  —  The  following  table  gives  the  quantities  of  heat 
eTolved  by  the  direct  union  of  various  elements  with  gaseous  chlorine : 


Product. 

Unite  of  heat  evolved 

faM**!*- 

Observer. 

by  1  gram 
of  sub- 

by 1  grm. 

by  1  at.  (=36-5 
grams)  of 

stance. 

chlorine. 

chlorine. 

j  24087 
123783 

678 

24087 

Abria. 

Hjdrogen    . 

HC1 

670 

23783 

r  Favre  & 
\  Silbermann. 

Phosphorus 

p<&(r) 

8422  (?) 

607 

21548 

Andrews. 

Potassium    . 

2655 

2943 

104476 

tt 

Iron   .    .     . 

Pe,Cl6 

1745 

921 

82695 

*< 

Zine  .    .     . 

ZnCl, 

1629 

1427 

50658 

u 

Tin    .    .     . 

SnCl4 

1079 

897 

31722 

« 

Arsenic   .     . 

A9CI3 

994 

704 

24992 

« 

Copper    .     . 

Cucil 

961 

859 

80494 

M 

Antimony    . 

SbCL 

707 

860 

30491 

« 

Mercury 

? 

? 

822 

29181 

« 
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The  heat  evolved  bj  the  direct  union  of  bromine  and  iodine  with  sine 
and  iron  has  also  been  determined  by  Andrews :  the  results  obtained  are 
given  in  the  next  table : 


Metal 


Product. 


Unite  of  heat  evolved 


bylL 
of  metal. 


by  1  gram  of 

bromine  or 

Iodine. 


by  1  atom  of  bromine 
or  iodine. 


Bromine. 


Iodine, 


Zino 
Iron 


26617 
8046 


Reaction*  in  Pretence  of  Water. — The  thermal  effects  which  may  result 
from  the  reaction  of  different  substances  on  one  another  in  presence  of 
water,  are  more  complicated  than  those  resulting  from  direct  combination. 
In  addition  to  the  different  specific  heats  of  the  reagents  and  products,  and 
to  the  different  quantities  of  heat  absorbed  by  them  in  dissolving,  or  given 
out  by  them  in  combining  with  water,  the  conversion  of  soluble  substances 
into  insoluble  ones,  as  a  consequence  of  the  chemical  action,  or  the  inverse 
change  of  insoluble  into  soluble  bodies,  are  among  the  secondary  causes  to 
which  part  of  the  calorimetric  effect  may  be  due  in  these  cases. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical  action  is 
augmented  by  that  due  to  the  liquefaction  of  the  gas ;  so  also  when  a  solid 
body  is  dissolved  in  water,  the  total  thermal  effect  is  due  in  part  to  the 
chemical  action  taking  place  between  the  water  and  the  solid,  and  in  part 
to  the  liquefaction  of  the  substance  dissolved.  In  the  former  cases  the 
ehemical  and  physical  parts  of  the  phenomenon  both  cause  evolution  of  heat ; 
in  the  latter  case  the  physical  change  occasions  disappearance  of  heat,  and 
if  this  effect  is  greater  than  that  due  to  the  chemical  action,  the  ultimate 
effect  is  the  production  of  cold,  and  it  is  this  which  is  generally  observed. 

Cold  produced  by  Chemical  Decomposition.  —  It  is  highly  probable  that  the 
thermal  effect  of  the  reversal  of  a  given  chemical  action  is  in  all  cases  equal 
and  opposite  to  the  thermal  effect  of  that  action  itself.  A  direct  conse- 
quence of  this  proposition  is  that  the  separation  of  any  two  bodies  is  attended 
with  the  absorption  of  a  quantity  of  heat  equal  to  that  which  is  evolved  m  their 
combination.  The  truth  of  this  deduction  has  been  experimentally  estab- 
lished in  various  cases,  by  Wood,*  Joule,  f  and  Favre  and  Silbermann,  by  com- 
paring; the  heat  evolved  in  the  electrolysis  of  dilute  sulphuric  acid,  or  solu- 
tions of  metallic  salts,  with  that  which  is  developed  in  a  thin  metallic  wire 
by  a  current  of  the  same  strength ;  also  by  comparison  of  the  heat  evolved 
in  processes  of  combination  accompanied  by  simultaneous  decomposition, 
with  that  evolved  when  the  same  combination  occurs  between  free  elements. 

By  determining  the  heat  evolved  when  different  metals  were  dissolved  in 
water  or  dilute  acid,  Wood  found  that  it  was  less  than  that  which  would  be 
produced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity  equal 
to  that  which  would  be  obtained  by  burning  the  hydrogen  set  free,  or 
which  was  expended  in  decomposing  the  water  or  acid :  and,  therefore, 
that  when  this  latter  quantity  was  added  to  the  results,  they  agreed  with 
the  numbers  given  by  experiments  of  direct  oxidation. 

•  Phil.  Mag.  [4]fi.*ltlrfr  fIbia\m.4gL 
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Whsh  a  TolUio  current  of  considerable  power  is  made  to  traverse  various 
com  pound  liquids,  a  separation  of  the  elements  of  these  liquids  ensues; 
provided  that  the  liquid  be  capable  of  conducting  the  current,  its  decom- 
position almost  always  follows. 

The  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the  liquid, 
where,  according  to  the  common  mode  of  speech,  the  current  enters  and 
kares  the  latter,  all  the  intermediate  portions  appearing  perfectly  quies- 
cent. In  addition,  the  elements  are  not  separated  indifferently  and  at 
random  at  these  two  surfaces ;  but,  on  the  contrary,  make  their  appear- 
ance with  perfect  uniformity  and  constancy  at  one  or  the  other,  according 
to  their  chemical  character —  namely,  oxygen,  chlorine,  iodine,  acids,  &c, 
at  the  surface  connected  with  the  copper,  or  positive  end  of  the  battery ; 
hydrogen,  the  metals,  Ac,  at  the  surface  in  connection  with  the  zinc  or 
neg*tmt  extremity  of  the  arrangement. 

The  terminations  of  the  battery  itself — usually,  but  by  no  means  neces- 
sarily, of  metal  —  are  designated  poles  or  electrodes,*  as  by  their  interven- 
tion the  liquid  to  be  experimented  on  is  made  a  part  of  the  circuit.  The 
process  of  decomposition  by  the  current  iB  called  electrolysis,  f  and  the 
liquids,  which,  when  thus  treated,  yield  up  their  elements,  are  denomi- 
nated electrolytes. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water  to 
which  a  few  drops  of  oil  of  vitriol  have  been  added,  and  the  plates  con- 
nected by  wires  with  the  extremities  of  an  active  battery,  oxygen  is  disen- 
gaged at  the  positive  electrode,  and  hydrogen  at  the  negative,  in  the  pro- 
portion of  one  measure  of  the  former  to  two  of  the  latter  nearly.  This 
experiment  has  before  been  described.  | 

A  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue  (indigo), 
and  treated  in  the  same  manner,  yields  hydrogen  on  the  negative  Bide  and 
chlorine  on  the  positive,  the  indigo  there  becoming  bleached. 

Potassium  iodide  dissolved  in  water  is  decomposed  in  a  similar  manner : 
the  free  iodine  at  the  positive  side  can  be  recognized  by  its  brown  color, 
or  by  the  addition  of  a  little  gelatinous  Btarch. 

All  liquids  are  not  electrolytes ;  many  refuse  to  conduot,  and  no  decom- 
position can  then  occur;  alcohol,  ether,  numerous  essential  oils,  and  other 
products  of  organio  chemistry,  besides  a  few  saline  inorganio  compounds, 
tot  in  this  manner,  and  completely  arrest  the  current  of  a  powerful  battery. 

One  of  the  most  important  and  indispensable  conditions  of  electrolysis  is 
fluidity :  bodies  which,  when  reduced  to  the  liquid  state,  conduct  freely, 
and  as  freely  suffer  decomposition,  become  absolute  insulators  to  the  elec- 
tricity of  the  battery  when  they  become  solid.  Lead  chloride  offers  a 
good  illustration  of  this  fact :  when  fused  in  a  porcelain  crucible,  it  gives 
up  its  elements  with  the  utmost  ease,  and  a  galvanometer,  interposed 
somewhere  in  the  circuit,  is  strongly  affected.  But  when  the  source  of 
heat  is  withdrawn,  and  the  salt  suffered  to  solidify,  signs  of  decomposition 
cease,  and  at  the  same  moment  the  magnetic  needle  reassumes  its  natural 
position.     In  the  same  manner,  the  thinnest  film  of  ice  arrests  the  current 

•  From  ffXcrrptr,  and  M**,  a  way.  t  P">m  HXurpov,  and  M«»v,  to  loose. 
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of  a  powerful  voltaic  apparatus ;  but  the  instant  the  ice  is  liquefied  at  any 
one  point,  so  that  water  communication  is  restored  between  the  electrodes, 
the  current  again  passes,  and  decomposition  occurs.  Fusion  by  heat,  and 
solution  in  aqueous  liquids,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  electric  cur- 
rent without  being  decomposed;  but  still  there  are  a  few  exceptions  to 
this  statement,  which  perhaps  are  more  apparent  than  real.  Thus  Hittorf 
has  shown,  that  fused  silver  sulphide,  whioh  was  formerly  regarded  as  one 
of  the  exceptions,  cannot  be  considered  to  be  so,  and  Beetz  has  since  proved 
the  same  to  be  the  case  as  regards  mercuric  iodide  and  lead  fluoride. 

The  quantity  of  any  given  compound  liquid  which  can  be  decomposed 
by  any  given  electric  battery  depends  on  the  resistance  of  the  liquid:  the 
more  resistance  the  less  decomposition.  Distilled  water  has  only  a  small 
power  of  conduction,  and  is  therefore  only  slightly  decomposed  by  a  bat- 
tery of  80  to  40  pairs ;  whilst  diluted  sulphuric  acid  is  one  of  the  best  of 
fluid  conductors,  and  undergoes  rapid  decomposition  by  a  small  battery. 

When  a  liquid  which  can  be  decomposed,  and  a  galvanometer,  are  in- 
cluded in  the  circuit  of  an  electrio  current,  if  the  needle  of  the  galvano- 
meter be  deflected,  it  may  be  always  assumed  as  certain  that  a  portion  of 
liquid,  bearing  a  proportion  to  the  strength  of  the  current,  is  decomposed, 
although  it  may  be  impossible  in  many  cases,  without  special  contrivances, 
to  detect  the  produots  of  the  decomposition,  on  account  of  their  minute- 
ness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electrodes,  have, 
in  themselves,  nothing  in  the  shape  of  attractive  or  repulsive  power  for 
the  elements  separated  at  their  surfaces.  Finely  divided  metal  suspended 
in  water,  or  chlorine  held  in  solution  in  that  liquid,  shows  not  the  least 
symptom  of  a  tendency  to  accumulate  around  them ;  a  single  element  is 
altogether  unaffected  —  directly,  at  least ;  separation  from  previous  combi- 
nation is  required,  in  order  that  this  appearanoe  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  electrolysis  a  little  more 
olosely.  When  a  portion  of  hydrochloric  acid,  for  example,  is  subjected 
to  decomposition  in  a  glass  vessel  with  parallel  sides,  chlorine  is  disen- 
gaged at  the  positive  electrode,  and  hydrogen  at  the  negative:  the  gases 
are  perfectly  pure  and  unmixed.  If,  while  the  decomposition  is  rapidly 
proceeding,  the  intervening  liquid  be  examined  by  a  beam  of  light,  or  by 
other  mean 8,  not  the  slightest  disturbance  or  movement  of  any  kind  will 
be  perceived ;  nothing  like  currents  in  the  liquid  or  bodily  transfer  of  gas 
from  one  part  to  another  can  be  detected ;  and  yet  two  portions  of  hydro- 
chloric acid,  separated  perhaps  by  an  interval  of  four  or  five  inches,  may 
be  respectively  evolving  pure  chlorine  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all  similar 
cases  of  regular  elect  roli  tic  decomposition :  this  is  by  assuming  that  all 
the  particles  of  hydrochloric  acid  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suffer  decomposition,  the  hydrogen 
travelling  in  one  direction,  and  the  chlorine  in  the  other.  The  neighboring 
elements,  thus  brought  into  close  proximity,  unite  and  reproduce  hydro- 
chloric acid,  again  destined  to  be  decomposed  by  a  repetition  of  the  same 
change.  In  this  manner,  each  particle  of  hydrogen  may  be  made  to  travel 
in  one  direction,  by  becoming  successively  united  to  each  particle  of  chlo- 
rine between  itself  and  the  negative  electrode ;  when  it  reaches  the  latter, 
finding  no  disengaged  particle  of  chlorine  for  its  reception,  it  is  rejected, 
as  it  were,  from  the  series,  and  thrown  off  in  a  separate  state.  The  same 
thing  happens  to  each  particle  of  chlorine,  which  at  the  same  time  passes 
continually  in  the  opposite  direction,  by  combining  successively  with  each 
particle  of  hydrogen  that  moment  separated,  with  which  it  meets,  until  at 
length  it  arrives  at  the  positive  plate  or  wire,  and  is  disengaged.     A  sue- 
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i  of  particles  of  hydrogen  are  thus  continually  thrown  off  from  the 
decomposing  mass  at  one  extremity,  and  a  corresponding  succession  of 
particles  of  chlorine  at  the  other.  The  power  of  the  current  is  exerted 
with  equal  energy  in  every  part  of  the  liquid  conductor,  though  its  effects 
become  manifest  only  at  the  very  extremities.  The  action  is  one  of  a 
purely  molecular  or  internal  nature,  and  the  metallic  terminations  of  the 
battery  merely  serve  the  purpose  of  completing  the  connection  between 
the  latter  and  the  liquid  to  be  decomposed.     The  figures  141  and  142  are 


Hydrochloric  acid  in  its 

intended  to  assist  the  imagination  of  the  reader,  who  must  at  the  same 
time  avoid  regarding  them  in  any  other  light  than  that  of  a  somewhat 
figurative  mode  of  representing  the  curious  phenomena  described.  The 
circles  are  intended  to  indicate  the  elements,  and  are  distinguished  by 
their  respective  symbols. 

Like  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  electricity,  are 
split  into  two  constituents,  which  pass  in  opposite  directions.     The  one 

Fig.  1*2. 
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Hydrochloric  acid  undergoing  electrolysis. 

class  of  substances,  like  oxygen,  chlorine,  &c,  are  evolved  at  the  positive 
electrode;  the  other  class,  like  hydrogen  and  the  metals,  at  the  negative 
electrode. 

It  is  of  importance  to  remark  that  oxygen  salts,  such  as  sulphates  and 
nitrates,  when  acted  on  by  the  current,  do  not  divide  into  acid  and  basic 
oxide,  but,  as  Daniell  and  Miller  proved,  into  metal  and  a  compound  sub- 
stance, or  group  of  elements,  which  is  transferred  in  such  a  state  of  asso- 
ciation that,  as  regards  its  electrical  behavior,  it  represents  an  element. 
Thus,  cupric  sulphate,  S04Cu,  splits,  not  into  SO,  and  CuO,  but  into  me- 
tallic copper  and  sulphione  S04.  Hydrogen  sulphate,  or  sulphuric  acid, 
S04Hr  divides  into  the  same  compound  group  and  hydrogen.  In  a  similar 
way,  also,  the  part  of  the  electrolyte  which  passes  to  the  negative  pole  may 
consist  of  a  group  of  elements.  A  solution  of  sal-ammoniac,  NH4C1,  fur- 
nishes a  beautiful  instance  of  this  fact,  since  it  is  decomposed  by  the  cur- 
rent in  such  a  manner  that  the  ammonium  NH4  goes  to  the  negative,  and 
the  chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  true  and  regular  elec- 
trolysis, and  what  is  called  secondary  decomposition,  brought  about  by  the 
reaction  of  the  bodies  so  eliminated  upon  the  surrounding  liquid,  or  upon 
the  substance  of  the  electrodes:  hence  the  advantage  of  platinum  for  the 
latter  purpose,  when  electrolytic  actions  are  to  be  studied  in  their  greatest 
simplicity,  that  metal  being  scarcely  attacked  by  any  ordinary  agents. 
When,  for  example,  a  solution  of  lead  nitrate  or  acetate  is  decomposed  by 
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the  current  between  platinum  plates,  metallic  lead  is  deposited  at  the  ne- 
gative side,  and  a  brown  powder,  lead  dioxide,  at  the  positive:  the  latter 
substance  is  the  result  of  a  secondary  action ;  it  proceeds,  in  fact,  from  the 
nascent  oxygen  at  the  moment  of  its  liberation  reacting  upon  the  monoxido 
of  lead  present  in  the  salt,  and  converting  it  into  dioxide,  which  is  insoluble 
in  the  dilute  acid.  When  nitric  acid  is  decomposed,  no  hydrogen  appears 
at  the  negative  electrode,  because  it  is  oxidised  at  the  expense  of  the  acid, 
which  is  reduced  to  nitrous  acid  gas.  When  potassium  sulphate,  S04K_, 
is  electrolyxed,  hydrogen  appears  at  the  negative  electrode,  together  with 
an  equivalent  quantity  of  potassium  hydrate  OKH,  because  the  potassium 
which  is  evolved  at  the  electrode  immediately  decomposes  the  water  there 
present.  At  the  same  time,  the  sulphione,  S04,  which  is  transferred  to  the 
positive  electrode,  takes  hydrogen  from  the  water  there  present,  forming 
sulphuric  acid,  S04Hr  and  liberating  oxygen.  In  like  manner  hydrogen 
sulphate,  or  sulphuric  acid  itself,  is  resolved  by  the  current  into  hydrogen 
and  sulphione,  which  latter  decomposes  the  water  at  the  positive  electrode, 
reproducing  hydrogen  sulphate,  and  liberating  oxygen,  just  as  if  the  water 
itself  were  directly  decomposed  by  the  current  into  hydrogen  and  oxygen. 
A  similar  action  takes  place  in  the  electrolytic  decomposition  of  any  other 
oxygen-salt  of  an  alkali-metal,  or  alkaline  earth-metal,  alkali  and  hydrogen 
gas  making  their  appearance  at  the  negative  electrode,  acid  and  oxygen 
gas  at  the  positive  electrode.  This  observation  explains  a  circumstance 
which  much  perplexed  the  earlier  experimenters  upon  the  chemical  action 
of  the  voltaic  battery.  In  all  experiments  in  which  water  was  decomposed, 
both  acid  and  alkali  were  liberated  at  the  electrodes,  even  though  distilled 
water  was  employed ;  and  hence  it  was  believed  for  some  time  that  the 
voltaic  current  had  some  mysterious  power  of  generating  acid  and  alkaline 
matter.  The  true  source  of  these  compounds  was,  however,  traced  by 
Davy,*  who  showed  that  they  proceeded  from  impurities  either  in  the  water 
itself,  or  in  the  vessels  which  contained  it,  or  in  the  surrounding  atmos- 
phere. Having  proved  that  ordinary  distilled  water  always  contains  traces 
of  saline  matter,  he  redistilled  it  at  a  temperature  below  the  boiling-point, 
in  order  to  avoid  all  risk  of  carrying  over  salts  by  splashing.  He  then 
found  that  when  marble  cups  were  used  to  contain  the  water  used  for  de- 
composition, hydrochloric  acid  appeared  at  the  positive  electrode,  soda  at 
the  negative,  both  being  derived  from  sodium-chloride  present  in  the  mar- 
ble; when  agate  cups  were  u«ed,  he  obtained  silica;  and  when  he  used 
gold  vessels,  he  obtained  nitric  acid  and  ammonia,  which  he  traced  to  at- 
mospheric air.  By  operating  in  a  vacuum,  indeed,  the  quantity  of  acid 
and  alkali  was  reduced  to  a  minimum,  but  the  decomposition  was  almost 
arrested,  although  he  operated  with  a  battery  of  fifty  pairs  of  4-inch 
plates.  Hence  it  is  manifest  that  water  itself  is  not  an  electrolyte,  but  that  it 
is  enabled  to  convey  the  current  if  it  contains  only  traces  of  saline  matter,  f- 
If  a  number  of  different  electrolytes,  such  as  dilute  sulphuric  acid,  cupric 
sulphate,  potassium  iodide,  fused  lead  chloride,  &c,  be  arranged  in  a  series, 
and  the  same  current  be  made  to  traverse  the  whole,  all  will  suffer  decom- 
position at  the  same  time,  but  by  no  means  to  the  same  amount.  If  arrange- 
ments be  made  by  which  the  quantities  of  the  eliminated  elements  can  be 
accurately  ascertained,  it  will  be  found,  when  the  decomposition  has  pro- 
ceeded to  some  extent,  that  these  latter  have  been  disengaged  exactly  in  the 
ratio  of  their  chemical  equivalents.  The  same  current  which  decomposes  9 
parts  of  water  will  separate  into  their  elements  166  parts  of  potassium 
iodide,  130  parts  of  lead  chloride,  &c.  Hence  the  very  important  conclusion : 
The  action  of  the  current  is  perfectly  definite  in  its  nature,  producing  a  fixed  and 
constant  amount  of  decomposition,  expressed  in  each  electrolyte  by  the  value  of  its 
chemical  equivalent. 

*  Philosophical  Transactions,  1807.  f  Miller*!  Chemical  Phytic*,  p.  484. 
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From  a  very  extended  series  of  experiments,  based  on  this  and  other 
methods  of  research,  Faraday  was  enabled  to  draw  the  general  inference 
that  effects  of  chemical  decomposition  are  always  proportionate  to  the 
quantity  of  circulating  electricity,  and  may  be  taken  as  an  accurate  and 
trustworthy  measure  of  the  latter.  Guided  by  this  highly  important  prin- 
ciple, he  constructed  his  voltameter,  an  instrument  which  has  rendered  the 
greatest  service  to  electrical  science.  This  is 
merely  an  arrangement  by  which  dilute  sulphuric  *W-  MS. 

acid  is  decomposed  by  the  current,  the  gas 
evolved  being  collected  and  measured.  By  placing 
such  an  instrument  in  any  part  of  the  circuit, 
the  quantity  of  electric  force  necessary  to  pro- 
duce any  given*  effect  can  be  at  once  estimated ; 
or,  on  the  other  hand,  any  required  amount  of 
the  latter  can  be,  as  it  were,  measured  out  and 
adjusted  to  the  object  in  view.  The  voltameter 
has  received  many  different  forms:  one  of  the 
most  extensively  useful  is  that  shown  in  fig.  148, 
in  which  the  platinum  plates  are  separated  by  a 
very  small  interval,  and  the  gas  is  collected  in  a 
graduated  jar  standing  on  the  shelf  of  the  pneu- 
matic trough,  the  tube  of  the  instrument,  which 
is  filled  to  the  neck  with  dilute  sulphuric  acid,  being  passed  beneath  the  jar. 
The  decompositions  produced  by  the  voltaic  battery  can  be  effected  by 
the  electricity  of  the  common  machine,  by  that  developed  by  magnetic 
action,  and  by  that  of  animal  origin,  but  to  an  extent  incomparably  more 
minute.  This  arises  from  the  very  small  quantity  of  electricity  set  in  motion 
by  the  machine,  although  its  tension — that  is,  power  of  overcoming  obsta- 
cles, and  passing  through  imperfect  conductors  —  is  exceedingly  great.  A 
pair  of  small  wires  of  zinc  and  platinum,  dipping  into  a  single  drop  of 
dilate  acid,  develop  far  more  electricity,  to  judge  from  the  chemical  effects 
of  such  an  arrangement,  than  very  many  turns  of  a  large  plate  electrical 
machine  in  powerful  action.  Nevertheless,  polar  or  electrolytic  decompo- 
sition can  be  distinctly  and  satisfactorily  effected  by  the  latter,  although 
on  a  minute  scale. 

With  a  knowledge  of  the  principles  laid  down,  the  study  of  the  voltaic 
battery  may  be  resumed  and  completed.  In  the  first  place,  two  very 
different  views  have  been  held  concerning  the  source  of  the  electrical  dis- 
turbance in  that  apparatus.  Volta  himself  ascribed  it  to  mere  contact  of 
dissimilar  metals  or  other  substances  conducting  electricity,  —  to  what  was 
denominated  an  electro-motive  force,  called  into  being  by  such  contact. 
Proof  was  supposed  to  be  given  of  this  fundamental  proposition  by  an  ex- 
periment in  which  discs  of  zinc  and  copper  attached  to  insulating  handles, 
after  being  brought  into  close  contact,  were  found,  by  the  aid  of  a  very 
delicate  gold-leaf  electroscope,  to  be  in  opposite  electrical  states.  It  appears, 
however,  that  the  more  carefully  this  experiment  is  made,  the  smaller  is  the 
effect  observed ;  and  hence  it  is  judged  highly  probable  that  the  whole  may 
be  dne  to  accidental  causes,  against  which  it  is  almost  impossible  to  guard. 
On  the  other  hand,  the  observation  was  soon  made  that  the  power  of  the 
battery  always  bears  some  kind  of  proportion  to  the  chemical  action  upon 
the  zinc;  that,  for  instance,  when  pure  water  is  used,  the  effect  is  extremely 
feeble;  with  a  solution  of  salt,  it  becomes  much  greater;  and,  lastly,  with 
dilate  acid,  greatest  of  all ;  so  that  some  relation  evidently  exists  between 
the  ehemical  effect  upon  the  metal  and  the  evolution  of  electrical  force. 

The  experiments  of  Faraday  and  Daniell  have  given  very  great  support 
to  the  chemical  theory,  by  showing  that  the  contact  of  dissimilar  metals  is 
not  necessary  in  order  to  call  into  being  powerful  electrical  currents,  and 
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that  the  development  of  electrical  force  is  not  only  In  some  way  connected 
with  the  chemical  action  of  the  liquid  of  the  battery,  but  that  it  is  always 
in  direct  proportion  to  the  latter.  One  very  beautiful  experiment,  in  which 
electrolytic  decomposition  of  potassium  iodide  is  performed  by  a  current 
generated  without  any  contact  of  dissimilar  metals,  can  be  thus  made :  A 
plate  of  sine  is  bent  at  a  right  angle,  and  cleaned  by  rubbing  with  sand- 
paper. A  plate  of  platinum  has  a  wire  of  the  same  metal  attached  to  it  )>y 
careful  riveting,  and  the  latter  bent  into  an  arch.  A  piece  of  folded  filter- 
paper  is  wetted  with  solution  of  potassium  iodide,  and  placed  upon  the 
zinc ;  the  platinum  plate  is  arranged  opposite  to  the  latter,  with  the  end  of 
its  wire  resting  upon  the  paper;  and  then  the  pair  is  plunged  into  a  glass 
of  dilute  sulphuric,  mixed  with  a  few  drops  of  nitric  acid.  A  brown  spot 
of  iodine  becomes  in  a  moment  evident  beneath  the  ex- 
Fig.  144.  tremity  of  the  platinum  wire  —  that  is,  at  the  positive  side 
of  the  arrfingemcnt. 

A  strong  argument  in  favor  of  the  chemical  view  is 
founded  on  the  easily  proved  fact,  that  the  direction  of  the 
current  is  determined  by  the  kind  of  action  upon  the  metals, 
the  one  least  attacked  being  always  positive.  Let  two 
polished  plates,  the  one  iron  and  the  other  copper,  be  con- 
nected by  wires  with  a  galvanometer,  and  then  immersed  in 
a  solution  of  an  alkaline  sulphide.  The  needle  in  a  moment 
indicates  a  powerful  current,  passing  from  the  copper 
through  the  liquid  to  the  iron,  and  back  again  through  the 
wire.  Let  the  plates  be  now  removed,  cleaned,  and  plunged 
into  dilute  acid ;  the  needle  is  again  driven  round,  but  in 
the  opposite  direction,  the  current  now  passing  from  the 
iron  through  the  liquid  to  the  copper.  In  the  first  instance,  the  copper  is 
acted  upon,  and  not  the  iron ;  in  the  second,  these  conditions  are  reversed, 
and  with  them  the  direction  of  the  current. 

The  metals  employed  in  the  practical  construction  of  voltaic  batteries 
are  sine  for  the  active  metal,  and  copper,  silver,  or,  still  better,  platinum, 
for  the  inactive  one:  the  greater  the  difference  of  oxidability,  the  better 
the  arrangement.  The  liquid  is  either  dilute  sulphuric  acid,  sometimes 
mixed  with  a  little  nitric,  or  occasionally,  where  very  slow  and  long-con- 
tinued action  is  wanted,  salt  and  water.  To  obtain  the  maximum  effect  of 
the  apparatus  with  the  least  expenditure  of  zinc,  that  metal  must  be  em- 
ployed in  a  pure  state,  or  its  surface  must  be  covered  by  an  amalgam, 
which  in  its  electrical  relations  closely  resembles  the  pure  metal.  The  zino 
is  easily  brought  into  this  condition  by  wetting  it  with  dilute  sulphuric  acid, 
and  then  rubbing  a  little  mercury  over  it,  by  means  of  a  piece  of  rag  tied 
to  a  stick. 

The  principle  of  the  compound  battery  is,  perhaps,  best  seen  in  the  crown 
of  cups:  by  each  alternation  of  zinc,  fluid,  and  copper,  the  current  is  urged 
forward  with  increased  energy;  its  intensity  is  augmented,  but  the  actual 
amount  of  electrical  force  thrown  into  the  current  form  is  not  increased. 
The  quantity,  estimated  by  its  decomposing  power,  is,  in  fact,  determined 
by  that  of  the  smallest  and  least  active  pair  of  plates,  the  quantity  of 
electricity  in  every  part  or  section  of  the  circuit  being  exactly  equal.  Hence 
large  and  small  plates,  batteries  strongly  and  weakly  charged,  can  never  be 
connected  without  great  loss  of  power. 

When  a  battery,  either  simple  or  compound,  constructed  with  pure  or 
with  amalgamated  zinc,  is  charged  with  dilute  sulphuric  acid,  a  number  of 
highly  interesting  phenomena  maybe  observed.  While  the  circuit  remains 
broken,  the  zinc  is  perfectly  inactive,  no  acid  is  decomposed,  no  hydrogen 
liberated ;  but  the  moment  the  connection  is  completed,  torrents  of  hydrogen 
arise,  not  from  the  zino,  bat  from  the  copper  or  platinum  surfaces  alone, 
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while  the  zinc  undergoes  tranquil  and  imperceptible  oxidation  and  solution. 
Thus,  exactly  the  same  effects  are  seen  to  occur  in  every  active  cell  of  a 
closed  circuit,  that  are  witnessed  in  a  portion  of  sulphuric  acid  undergoing 
electrolysis :  oxygen  appears  at  the  positive  side,  with  respect  to  the  current, 
and  hydrogen  at  the  negative ;  but  with  this  difference :  that  the  oxygen, 
instead  of  being  set  free,  combines  with  the  zinc.  It  is,  in  fact,  a  real  case 
of  electrolysis,  and  electrolytes  alone  are  available  as  exciting  liquids. 

Common  zinc  is  very  readily  attacked  and  dissolved  by  dilute  sulphuric 
add;  and  this  is  usually  supposed  to  arise  from  the  formation  of  a  multitude 
of  little  voltaic  circles,  by  the  aid  of  particles  of  foreign  metals  or  graphite, 
partially  imbedded  in  the  zinc.  This  gives  rise  in  the  battery  to  what  is 
called  local  action,  by  which,  in  the  common  forms  of  apparatus,  three 
fourths  or  more  of  the  metal  are  often  consumed,  without  contributing  in 
the  least  to  the  general  effect,  but,  on  the  contrary,  injuring  it  to  some  ex- 
tent   This  evil  is  got  rid  of  by  amalgamating  the  surface. 

From  experiments  very  carefully  made  with  a  "dissected'1  battery  of 
peculiar  construction,  in  which  local  action  was  completely  avoided,  it  has 
been  distinctly  proved  that  the  quantity  of  electricity  set  in  motion  by  the 
battery  varies  exactly  with  the  zinc  dissolved.  Coupling  this  fact  with  that 
of  the  definite  action  of  the  current,  it  will  be  seen  that  when  a  perfect 
battery  of  this  kind  is  employed  to  decompose  hydrochloric  acid,  in  order 
to  evolve  I  grain  of  hydrogen  from  the  latter,  32-5  grains  of  zinc  must  be 
dissolved  as  chloride,  and  its  equivalent  quantity  of  hydrogen  disengaged 
ia  each  active  cell  of  the  battery  —  that  is  to  say,  that  the  electrical  force 
generated  by  the  solution  of  an  equivalent  of  zinc  in  the  battery  is  capable 
of  effecting  the  decomposition  of  an  equivalent  of  hydrochloric  acid  or  any 
other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery :  it  serves  to  show,  in  the 
moat  striking  manner,  the  intimate  nature  of  the  connection  between  chem- 
ical and  electrical  forces,  and  their  remarkable  quantitative  or  equivalent 
relations.  It  almost  seems,  to  use  an  expression  of  Faraday,  as  if  a  trans- 
fer of  chemical  force  took  place  through  the  substance  of  solid  metallic  conduct- 
ors; that  chemical  actions,  called  into  play  in  one  portion  of  the  circuit, 
could  be  made  at  pleasure  to  exhibit  their  effects  without  loss  or  diminution 
in  any  other. 

There  is  an  hypothesis,  not  of  recent  date,  long  countenanced  and  sup- 
ported by  the  illustrious  Berzelius,  which  refers  all  chemical  phenomena  to 
electrical  forces — which  supposes  that  bodies  combine  because  they  are  in 
opposite  electrical  states ;  even  the  heat  and  light  accompanying  chemical 
anion  may  be.  to  a  certain  extent,  accounted  for  in  this  manner.  In  short, 
we  are  in  such  a  position,  that  either  may  be  assumed  as  cause  or  effect : 
it  may  be  that  electricity  is  merely  a  form  or  modification  of  ordinary  chem- 
ical affinity ;  or,  on  the  other  hand,  that  all  chemical  action  is  a  manifesta- 
tion of  electrical  force. 

This  electro-chemical  theory  is  no  longer  received  as  a  true  explanation 
of  chemical  phenomena  to  the  full  extent  intended  by  its  author.  Berzelius, 
indeed,  supposed  that  the  combining  tendencies  of  elements,  and  their  func- 
tions in  compounds,  depend  altogether  on  their  electric  polarity ;  and  ac- 
cordingly he  divided  the  elements  into  two  classes,  the  electro-positive,  which, 
like  hydrogen  and  the  metals,  move  towards  the  negative  pole  of  the  bat- 
tery, as  if  they  were  attracted  by  it,  and  the  electro-negative,  which,  like 
oxygen,  chlorine,  and  bromine,  move  towards  the  positive  pole.  We  are, 
however,  acquainted  with  a  host  of  phenomena  which  show  that  the  chem- 
ical functions  of  an  element  depend  upon  its  position  with  regard  to  other 
elements  in  a  compound,  quite  as  much  as  upon  its  individual  character. 
Thus  chlorine,  the  very  type  of  an  electro-negative  element,  can  be  substi- 
tuted for  hydrogen,  one  of  the  most  positive  of  the  elements,  in  a  largo 
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number  of  compounds,  yielding  new  products,  which  exhibit  the  closest 
analogy  in  composition  and  properties  to  the  compounds  from  which  they 
are  derived.  It  is  impossible,  therefore,  to  adroit  that  the  chemical  func- 
tions of  bodies  are  determined  exclusively  by  their  electrical  relations. 
Still  it  is  true  in  a  general  way  that  those  elements  which  differ,  most 
strongly  in  their  electrical  characters,  chlorine  and  potassium,  for  example, 
are  likewise  those  which  combine  together  with  the  greatest  energy ;  and 
the  division  of  bodies  into  electro-positive  and  electro-negative  is  therefore 
retained ;  the  former  are  also  called  add  or  chlorotu,  and  the  latter  basylou* 
or  tmeous. 

One  of  the  most  useful  forms  of  the  common  voltaic  battery  is  that  con- 
trived by  Dr.  Wollaston  (fig.  145).  The  copper  is  made  completely  to  en- 
circle the  sine  plate,  except  at  the  edges,  the  two  metals  being  kept  apart 
by  pieces  of  cork  or  wood.  Each  zinc  is  soldered  to  the  preceding  copper, 
and  the  whole  screwed  to  a  bar  of  dry  mahogany,  so  that  the  plates  can  be 
lifted  into  or  out  of  the  acid,  which  is  contained  in  an  earthenware  trough, 
divided  into  separate  cells.  The  liquid  consists  of  a  mixture  of  100  parts 
water,  2  J  parts  oil  of  vitriol,  and  2  parts  commercial  nitric  acid,  all  by  meas- 
ure. A  number  of  such  batteries  are  easily  connected  together  by  straps 
of  sheet  copper,  and  admit  of  being  put  into  action  with  great  < 

Fig.  145. 


The  great  objection  to  this  and  to  all  the  older  forms  of  the  voltaic  bat- 
tery is,  that  the  power  rapidly  decreases,  so  that,  after  a  short  time,  scarcely 
the  tenth  part  of  the  original  action  remains.  This  loss  of  power  depends, 
partly  on  the  gradual  change  of  the  sulphuric  acid  into  sine  sulphate,  but 
still  more  on  the  coating  of  hydrogen,  and,  at  a  later  stage,  on  the  precipi- 
tation of  metallic  zinc  on  the  copper  plates.  It  is  self-evident  that  if  the 
copper  plate  in  the  liquid  became  covered  with  zinc,  it  would  act  electrically 
like  a  zinc  plate.  This  is  precisely  the  action  of  the  hydrogen,  whereby  s 
decrease  of  electrical  power  is  produced.  This  effect,  produced  by  the  sub- 
stances separated  from  the  liquid,  is  commonly  called  polarization. 

An  apparatus  of  immense  value  for  purposes  of  electro-chemical  research, 
in  which  it  is  desired  to  maintain  powerful  and  equable  currents  for  many 
successive  hours,  has  been  contrived  by  Professor  Daniell  (fig.  146).  Each 
cell  of  this  " constant"  battery  consists  of  a  copper  cylinder  8}  inches  in 
diameter,  and  of  a  height  varying  from  6  to  18  inches.  The  zinc  is  em- 
ployed in  the  form  of  a  rod  |  of  an  inch  in  diameter,  carefully  amalga- 
mated, and  suspended  in  the  centre  of  the  cylinder.    A  second  cell  of  poroiu 
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earthenware  or  animal  membrane  intervenes  between  the  zinc  and  the  cop- 
per :  this  is  filled  with  a  mixture  of  1  part  by  measure  of  oil  of  vitriol  and 
8  of  water,  and  the  exterior  space  with  the  same  liquid, 
saturated  with  copper  sulphate.  A  sort  of  little  colan- 
der is  fitted  to  the  top  of  the  cell,  in  which  crystals  of 
the  copper  sulphate  are  placed,  so  that  the  strength  of 
the  solution  may  remain  unimpaired.  When  communi- 
cation is  made  by  a  wire  between  the  rod  and  the  cylin- 
der, a  powerful  current  is  produced,  the  power  of  which 
may  be  increased  to  any  extent  by  connecting  a  sufficient 
number  of  Buch  cells  into  a  series,  on  the  principle  of  the 
crown  of  cups,  the  copper  of  the  first  being  attached  to 
the  zinc  of  the  second.  Ten  such  alternations  constitute 
a  very  powerful  apparatus,  which  has  the  great  advan- 
tage of  retaining  its  energy  undiminished  for  a  long  time. 

By  this  arrangement  of  the  voltaic  battery,  the  polar- 
ization of  the  copper  plate  is  altogether  avoided ;  the  zinc 
in  the  porous  cell,  whilst  it  dissolves  in  the  sulphuric  acid, 
decomposes  it,  but  does  not  liberate  any  hydrogen ;  for 
by  the  progress  of  the  decomposition  (see  p.  246)  up  to 
the  boundary  of  the  copper  solution,  the  hydrogen  takes 
the  place  of  the  copper,  and  thus  ultimately  the  copper 
is  precipitated  on  the  copper  plate.  The  copper  plate 
therefore  remains  in  its  original  state,  so  long  as  a  sufficient  quantity  of 
copper  sulphate  is  present  in  the  solution. 

By  increasing  the  generative  and  reducing  the  antagonizing  chemical 
affinities,  Mr.  Qrove  succeeded  in  forming  the  constant  nitric  acid  battery 
which  bears  his  name.  This  instrument  is  capable  of  producing  a  far 
greater  degree  of  power  than  the  battery  previously  mentioned,  and  hence 
it  has  become  one  of  the  most  important  means  of  promoting  electrical 
science  in  the  present  day.  The  zinc  dips  into  dilute  sulphuric  acid ;  and 
instead  of  a  solution  of  copper,  concentrated  nitric  acid  is  used,  which 
snrrounds  a  platinum  plate.  It  is  evident  that  the  electrolytic  action  which 
begins  at  the  zinc  passes  through  the  sulphuric  acid,  and  in  a  precisely 
similar  way  through  the  contiguous  nitric  acid.  Hydrogen  would  thus  be 
liberated  on  the  platinum  plate.  This  action  is  not  rendered  visible  by 
the  evolution  of  gas,  but  only  gradually  by  the  change 
of  color  in  the  nitric  acid :  for  the  hydrogen  liberated 
by  the  electrical  action  forms  water  at  the  expense  of 
the  oxygen  yielded  by  the  nitric  acid ;  and  by  this  means, 
so  long  as  sufficient  nitric  acid  is  present,  the  purity  of 
the  surface  of  the  platinum  plate  is  maintained. 

One  of  the  cells  in  this  battery  is  represented  in  sec- 
tion in  fig.  147.  The  zinc  plate  is  bent  round,  so  as  to 
present  a  double  surface,  and  well  amalgamated :  within 
it  stands  a  thin  flat  cell  of  porous  earthenware,  filled 
with  strong  nitric  acid,  and  the  whole  is  immersed  in  a 
mixture  of  I  part  by  measure  of  oil  of  vitriol  and  6  of 
water,  contained  either  in  one  of  the  cells  of  Wollaston's 
trough,  or  in  a  separate  cell  of  glazed  porcelain,  made 
for  the  purpose.  The  apparatus  is  completed  by  a  plate 
of  platinum  foil,  which  dips  into  the  nitric  acid,  and 
forms  the  positive  side  of  the  arrangement.  With  ten  such  pairs,  experi- 
ments of  decomposition,  ignition  of  wires,  the  light  between  charcoal 
points,  &c.,  can  be  exhibited  with  great  brilliancy,  while  the  battery  itself 
is  very  compact  and  portable,  and,  to  a  great  extent,  constant  in  its  action. 
The  zinc,  as  in  the  case  of  Daniell's  battery,  is  consumed  only  while  the 
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current  passes,  so  that  the  apparatus  may  be  arranged  an  hour  or  two 
before  it  is  required  for  use,  which  is  often  a  matter  of  great  convenience ; 
and  local  action  from  the  precipitation  of  copper  on  the  zinc  is  avoided. 

Professor  Bunsen  has  modified  the  Grove  battery  by  substituting  for  the 
platinum  dense  charcoal  or  coke,  which  is  an  excellent  conductor  of  elec- 
tricity. By  this  alteration,  at  a  very  small  expense,  a  battery  may  be 
made  nearly  as  powerful  and  useful  as  that  of  Grove.  On  account  of  its 
cheapness,  any  one  may  put  together  one  hundred  or  more  of  Bunsen's 
cells,  by  which  the  most  magnificent  phenomena  of  heat  and  light  may  be 
obtained. 

The  accompanying  figure  shows  the  form  of  the  round 
carbon  cylinder,  which  is  used  in  these  cells.  It  is  hol- 
lowed so  as  to  receive  a  porous  earthenware  cell,  in 
which  a  round  plate  of  zinc  is  placed.  The  upper  edge 
of  the  cylinder  of  carbon  is  well  saturated  with  wax, 
and  is  surrounded  by  a  copper  ring,  by  means  of  which 
it  may  be  put  in  connection  with  the  zinc  of  the  adjoin- 
ing pair. 

Bunsen's  carbon  cylinder  is  likewise  well  adapted  for 
the  use  of  dilute  sulphuric  acid  alone,  without  the  addi- 
tion of  nitric  acid.  It  is,  however,  better  to  saturate  the 
dilute  sulphuric  acid  with  potassium  bichromate.  When 
this  mixture  contains  at  least  double  the  amount  of  sul- 
phuric acid  which  is  necessary  to  decompose  the  chromate,  a  battery  thus 
formed  surpasses  in  power  the  nitric  acid  battery,  but  does  not  furnish 
currents  of  the  same  constancy. 

Mr.  Smee  has  contrived  an  ingenious  battery,  in  which  silver,  covered 
with  a  thin  coating  of  finely  divided  metallic  platinum,  is  employed  in  as- 
sociation with  amalgamated  zinc  and  dilute  sulphuric  acid.  The  rough  sur- 
face appears  to  permit  the  ready  disengagement  of  the  bubbles  of  hydrogen. 
Within  the  last  twenty-five  years,  several  very  beautiful  and  successful 
applications  of  voltaic  electricity  have  been  made,  which  may  be  slightly 
mentioned.  Mr.  Spencer  and  Professor  Jacobi  have  employed  it  in  copy- 
ing, or  rather  in  multiplying,  engraved  plates  and  medals,  by  depositing 
upon  their  surfaces  a  thin  coating  of  metallic  copper,  which,  when  sepa- 
rated from  the  original,  exhibits,  in  reverse,  a  most  faithful  representation 
of  the  latter.  By  using  this  in  its  turn  as  a  mould  or  matrix,  an  absolutely 
perfect  fac-timilt  of  the  plate  or  medal  is  obtained.  In  the  former  case, 
the  impressions  taken  on  paper  are  quite  undistinguishable  from  those 
directly  derived  from  the  work  of  the  artist;  and  as  there  is  no  limit  to 
the  number  of  electrotype  plates  which  can  be  thus  produced,  engravings 
of  the  most  beautiful  description  may  be  multiplied  indefi- 
nitely. The  copper  is  very  tough,  and  bears  the  action  of  the 
press  perfectly  well. 

The  apparatus  used  in  this  and  many  similar  processes  is 
of  the  simplest  possible  kind.  A  trough  or  cell  of  wood  is 
divided  by  a  porous  diaphragm,  made  of  a  very  thin  piece 
of  sycamore,  into  two  parts;  dilute  sulphuric  acid  is  put  on 
one  side,  and  a  saturated  solution  of  copper  sulphate,  some- 
times mixed  with  a  little  acid,  on  the  other.  A  plate  of  zinc 
is  soldered  to  a  wire  or  strip  of  copper,  the  other  end  of 
which  is  secured  by  similar  means  to  the  engraved  copper 
plate.  The  latter  is  then  immersed  in  the  solution  of  sulphate, 
and  the  zinc  in  the  acid.  To  prevent  deposition  of  copper  on 
the  back  of  the  copper  plate,  that  portion  is  covered  with 
varnish.  For  medals  and  small  works,  a  porous  earthenware 
cell,  placed  in  a  jelly-jar,  may  be  used. 
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Other  metals  may  be  precipitated  in  the  same  manner,  in  a  smooth  and 
compact  form,  by  the  use  of  certain  precautions  which  have  been  gath- 
ered by  experience.  Electro-gilding  and  plating  are  now  carried  on  very 
largely  and  in  great  perfection  by  Messrs.  Elkington  and  others.  Even 
non-conducting  bodies,  as  sealing-wax  and  plaster  of  Paris,  may  be  coated 
with  metal;  it  is  only  necessary,  as  Mr.  Robert  Murray  has  shown,  to  rub 
over  them  the  thinnest  possible  film  of  plumbago.  Seals  may  thus  be  copied 
in  a  very  few  hoars  with  unerring  truth. 

Becquerel,  several  years  ago,  published  an  exceedingly  interesting  ac- 
count of  certain  experiments  in  which  crystallized  metals,  oxides,  and 
other  insoluble  substances  had  been  produced  by  the  slow  and  continuous 
action  of  feeble  electrical  currents,  kept  up  for  months,  or  even  years. 
These  products  exactly  resemble  natural  minerals;  and,  indeed,  the  ex- 
periment* throw  great  light  on  the  formation  of  the  latter  within  the 
earth.* 

The  common  but  very  pleasing  experiment  of  the  lead-tree  is  greatly 
dependent  on  electro-chemical  action.  When  a  piece  of  zinc  is  suspended 
in  a  solution  of  lead  acetate,  the  first  effect  is  the  decomposition  of  a  por- 
tion of  the  latter,  and  the  deposition  of  metallic  lead  upon  the  surface  of 
the  sine ;  it  is  simply  a  displacement  of  a  metal  by  a  more  oxidable  one. 
The  change  does  not,  however,  stop  here ;  metallic  lead  is  still  deposited 
in  large  and  beautiful  plates  upon  that  first  thrown  down,  until  the  solution 
becomes  exhausted,  or  the  sine  entirely  disappears.  The  first  portions  of 
lead  form  with  the  sine  a  voltaic  arrangement  of  sufficient 
power  to  decompose  the  salt:  under  the  peculiar  circum-  Fig.  160. 

stances  in  which  the  latter  is  placed,  the  metal  is  precipi- 
tated upon  the  negative  portion  —  that  is,  the  lead  —  while 
the  oxygen  and  acid  are  taken  up  by  the  zinc. 

Mr.  Grove  has  contrived  a  battery  in  which  an  electrical 
current,  of  sufficient  intensity  to  decompose  dilute  sulphuric 
acid,  is  produced  by  the  reaction  of  oxygen  upon  hydrogen. 
Each  element  of  this  interesting  apparatus  consists  of  a  pair 
of  glass  tubes  to  contain  the  gases  dipping  into  a  vessel  of 
acidulated  water.  Both  tubes  contain  platinum  plates, 
covered  with  a  rough  deposit  of  finely  divided  platinum, 
and  furnished  with  conducting  wires,  which  pass  through 
the  tope  or  sides  of  the  tubes,  and  are  hermetically  sealed 
into  the  latter.  When  the  tubes  are  charged  with  oxygen 
on  the  one  side  and  hydrogen  on  the  other,  and  the  wires  connected  with  a 
galvanoecope,  the  needle  of  the  instrument  becomes  instantly  affected ;  and 
when  ten  or  more  are  combined  in  a  series,  the  oxygen-tube  of  the  one 
with  the  hydrogen-tube  of  the  next,  &c,  while  the  terminal  wires  dip  into 
acidulated  water,  a  rapid  stream  of  minute  bubbles  from  either  wire  in- 
dicates the  decomposition  of  the  liquid ;  and  when  the  experiment  is  made 
with  a  small  voltameter,  it  is  found  that  the  oxygen  and  hydrogen  disen- 
gaged exactly  equal  in  amount  the  quantities  absorbed  by  the  act  of  com- 
bination in  each  tube  of  the  battery. 

Heat  developed  by  the  Electric  Current.  —  All  parts  of  the  electric  circuit, 
the  plates,  the  liquid  in  the  cells  of  the  battery,  the  conducting  wires,  and 
any  electrolytes  undergoing  decomposition,  all  become  heated  during  the 
passage  of  the  current.  The  rise  of  temperature  in  any  part  of  the  circuit 
depends  partly  on  the  strength  of  the  current,  partly  on  its  resistance, 
those  bodies  which  offer  the  greatest  resistance,  or  are  the  worst  conduct- 
ors, being  most  strongly  heated  by  a  current  of  given  strength.     Thus, 

•  Traits  de  l'Xlectricite  et  da  Magnttlune,  ill.  239. 


256  ELECTROCHEMICAL   DECOMPOSITION  ; 

when  a  thick  and  a  thin  wire  of  the  same  metal  are  included  in  the  same 
circuit,  the  latter  becomes  most  strongly  heated,  and  a  platinum  wire  is 
much  more  strongly  heated  than  a  silver  or  copper  wire  of  the  same 
thickness. 

By  exact  experiments  it  has  been  found  that  both  in  metallic  wires  and 
in  liquids  traversed  by  an  electric  current,  the  eTolution  of  heat  is  directly 
proportional:  1st,  to  the  resistance ;  2d, 'to  the  strength  of  the  current.  Joule 
has*  also  shown  that  the  evolution  of  heat  in  each  couple  of  the  voltaic 
battery  is  subject  to  the  same  law,  which,  therefore,  holds  good  in  every 
part  of  the  circuit,  including  the  battery. 

The  strength  of  an  electric  current  is  measured  by  the  quantity  of  de- 
tonating gas  (2  vol.  H.  to  1  vol.  O.)  which  it  can  evolve  from  acidulated 
water  in  a  given  time,  and  the  unit  of  current  strength  is  the  current  which 
eliminates  one  cubic  centimetre  of  detonating  gas  at  QP  C.  and  76(W  barometric 
pressure  in  a  minute.  Now  Lens  has  shown  that  when  a  current  of  the  unit  of 
strength  passes  through  a  wire  whose  resistance  is  equal  to  that  of  a  copper 
wire  1  metre  long  and  1  millimetre  in  diameter,  it  develops  a  quantity  of 
heat  sufficient  to  raise  the  temperature  of  1  gram  of  water  from  0°  to  1° 
C.  in  5}  minutes;  and  assuming  as  the  unit  of  heat  the  quantity  required 
to  raise  the  temperature  of  1  gram  of  water  from  0°  to  1°  C,  the  law  may 
be  thus  expressed : 

A  current  of  the  unit  of  strength  passing  through  a  conductor  vhich  exerts  the 
unit  of  resistance,  develops  therein  1  -057  heat-units  in  an  hour,  or  0.076  heat- 
unit  in  a  minute.    • 

With  a  current  of  a  given  strength,  the  sum  of  the  quantities  of  heat 
evolved  in  the  battery  and  in  the  metallic  conductor  joining  its  poles,  is 
constant,  the  heat  actually  developed  in  the  one  part  or  the  other  varying 
according  to  the  thickness  of  the  metallic  conductor.  This  was  first  shown 
by  De  la  Rive,  and  has  been  confirmed  by  Favre.f  De  la  Rive  made  use  of 
a  couple  consisting  of  platinum  and  distilled  zinc  or  cadmium,  excited  by 
pure  and  very  strong  nitric  acid,  the  two  metals  being  united  by  a  platinum 
wire,  more  or  less  thick,  which  was  plunged  into  the  same  quantity  of  strong 
nitric  acid  oontained  in  a  capsule  similar  to  that  which  held  the  voltaic 
couple.  By  observing  the  temperatures  in  the  two  vessels  with  delicate 
thermometers,  the  sum  of  these  temperatures  was  found  to  be  constant,  the 
one  or  the  other  being  greater  according  to  the  thickness  of  the  connecting 
wire. 

Favre,J  by  means  of  a  calorimeter,  similar  to  that  which  he  used  in  his 
experiments  on  the  development  of  heat  by  chemical  action,  has  shown 
that  in  a  pair  of  zinc  and  platinum  plates,  excited  by  dilute  sulphuric  acid 
and  connected  by  platinum  wires  of  various  length  and  thickness,  for  every 
32*5  grams  of  zinc  dissolved,  a  quantity  of  heat  is  developed  in  the  entire 
circuit  equal  to  18,137  heat-units,  but  variously  distributed  between  the 
battery-cell  and  the  wire,  according  to  the  thickness  of  the  latter.  Now  this 
quantity  of  heat  is  nearly  the  same  as  that  which  is  evolved  in  the  simple 
solution  of  32*5  grams  of  zinc  in  dilute  sulphuric  acid,  without  the  formation 
of  a  voltaic  circuit,  viz.  18,444  units.  Hence  Favre  concludes  that  the  heat 
developed  by  the  resistance  of  a  metallic  or  other  conductor  connecting  the 
poles  of  the  battery  is  simply  borrowed  from  the  total  quantity  of  heat 
evolved  by  the  chemical  action  taking  place  in  the  battery,  and  is  rigorously 
complementary  to  that  which  remains  in  the  cells  of  the  battery,  the  heat 
evolved  in  the  entire  circuit  being  the  exact  equivalent  of  the  chemical 
action  which  takes  place.     If  any  external  work  is  performed  by  the  cur- 

*  Phil.  line.  [31  xiz.  210.  t  Ann.  Ch.  Phjs.  [3J  xL  393. 
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rent,  such  as  electrolysis,  or  mechanical  work,  or  by  an  electro  magnetic 
engine,  the  heat  evolved  in  the  circuit  is  diminished  by  the  heat-equivalent 
of  the  decomposition  or  mechanical  work  done. 

CRYSTALLIZATION;  CRYSTALLINE  FORM. 
Almost  every  substance,  simple  or  compound,  capable  of  existing  in  the 
solid  state,  assumes,  under  favorable  circumstances,  a  distinct  geometrical 
form  or  figure,  usually  bounded  by  plane  surfaces,  and  having  angles  of 
fixed  and  constant  value.  The  faculty  of  crystallization  seems  to  be  denied 
only  to  a  few  bodies,  chiefly  highly  complex  organic  principles,  which  stand, 
as  it  were,  upon  the  very  verge  of  organization,  and  which,  when  in  the 
solid  state,  are  frequently  characterized  by  a  kind  of  beady  or  globular 
appearance,  well  known  to  microscopical  observers. 

The  most  beautiful  examples  of  crystallisation  are  to  be  found  among 
natural  minerals,  the  results  of  exceedingly  slow  changes  constantly  occur- 
ring within  the  earth.  It  is  invariably  found  that  artificial  crystals  of  salts, 
and  other  soluble  substances  which  have  been  slowly  and  quietly  deposited, 
surpass  in  size  and  regularity  those  of  more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method  of 
effecting  crystallization.  If  the  substance  be  more  soluble  at  a  high  than 
at  a  low  temperature,  then  a  hot  and  saturated  solution  left  to  cool  slowly 
will  generally  be  found  to  furnish  crystals;  this  is  a  very  common  case 
with  salts  and  various  organic  principles.  If  it  be  equally  soluble,  or  nearly 
so,  at  all  temperatures,  then  slow  spontaneous  evaporation  in  the  air,  or 
OTer  a  surface  of  oil  of  vitriol,  often  proves  very  effective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases :  that  of  sulphur 
19  a  good  example:  the  metals,  when  thus  treated,  usually  afford  traces  of 
crystalline  figures,  which  sometimes  become  very  beautiful  and  distinct,  as 
with  bismuth.  A  third  condition  under  which  crystals  very  often  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  which  iodine  affords  a 
good  instance.  When  by  any  of  these  means  time  is  allowed  for  the  sym- 
metrical arrangement  of  the  particles  of  matter  at  the  moment  of  solidifi- 
cation, crystals  are  produced. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal  structure 
is  shown  both  by  their  mode  of  formation  and  also  by  the  peculiarities  at- 
tending their  fracture.  A  crystal  placed  in  a  slowly  evaporating  saturated 
solution  of  the  same  substance  grows  or  increases  by  a  continued  deposition 
of  fresh  matter  upon  its  sides,  in  such  a  manner  that  the  angles  formed  by 
the  meeting  of  the  latter  remain  unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions,  called  by 
mineralogists  cleavage,  is  a  certain  indication  of  regular  structure,  while 
the  curious  optical  properties  of  many  among  them,  and  their  remarkable 
mode  of  expansion  by  heat,  point  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has  its  own 
crystalline  form,  by  which  it  may  very  frequently  be  recognized  at  once  — 
not  that  each  substance  has  a  different  figure,  although  very  great  diversity 
in  this  respect  is  to  be  found.  Some  forms  are  much  more  common  than 
others,  as  the  cube  and  six-sided' prism,  which  are  very  frequently  assumed 
by  a  number  of  bodies  not  in  any  way  related. 

The  same  substance  may  have,  under  different  sets  of  circumstances,  as 
high  and  low  temperatures,  two  different  crystalline  forms,  in  which  case 
it  is  said  to  be  dimorphous.  Sulphur  and  carbon  furnish,  as  already  noticed, 
examples  of  this  curious  fact ;  another  case  is  presented  by  calcium  car- 
bonate in  the  two  modifications  of  caic  spar  and  arragonite,  both  chemically 
the  same,  but  physically  different.  A  fourth  example  might  be  given  in 
mercuric  iodide,  which  also  has  two  distinct  forms,  and  even  two  distinct 
colors,  offering  as  great  a  contrast  as  those  of  diamond  and  graphite. 
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The  angles  of  crystals  are  measured  by  means  of  instruments  called  gonio- 
meter*,  of  which  there  are  two  kinds  in  use,  namely,  the  old  or  common 
goniometer,  and  the  reflecting  goniometer  of  Dr.  Wollaston. 

The  common  goniometer  consists  of  a  pair  of  steel  blades  moTing  with 
friction  upon  a  centre,  as  shown  in  fig.  161.     The  edges  a  a  are  carefully 
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adjusted  to  the  faces  of  the  crystal  whose  inclination  to  each  other  it  is 
required  to  ascertain,  and  then  the  instrument  being  applied  to  the  divided 
semicircle,  the  contained  angle  is  at  once  read  off.  An  approximative 
measurement,  within  one  or  two  degrees,  can  be  easily  obtained  by  this 
instrument,  provided  the  planes  of  the  crystal  are  tolerably  perfect,  and 
large  enough  for  the  purpose.  Some  practice  is  of  course  required  before 
even  this  amount  of  accuracy  can  be  attained. 

The  reflecting  goniometer  is  a  very  superior  instrument,  its  indications 
being  correct  within  a  fraction  of  a  degree :  it  is  applicable  also  to  the 
measurement  of  the  angles  of  crystals  of  very  small  size,  the  only  condition 
required  being  that  their  planes  be  smooth  and  brilliant.  The  subjoined 
sketch  (fig.  162)  will  convey  an  idea  of  its  nature  and  mode  of  use. 

Fig.lVL 


a  is  a  divided  circle  or  disc  of  brass,  the  axis  of  which  passes  stiffly  and 
without  shake  through  the  support  b.  This  axis  is  itself  pierced  to  admit 
the  passage  of  a  round  rod  or  wire,  terminated  by  the  milled-edged  head  c, 
and  destined  to  carry  the  crystal  to  be  measured,  by  means  of  the  jointed 
arm  d.     The  crystal  at  /  can  thus  be  turned  round,  or  adjusted  in  any 
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desired  position,  without  the  necessity  of  moving  the  disc.  A  vernier,  e, 
immovably  fixed  to  the  upright  support,  serves  to  measure  with  great  ac- 
curacy the  angular  motion  of  the  divided  circle. 

The  principle  upon  which  the  measurement  of  the  angle  rests  is  very 
simple.  If  the  two  adjacent  planes  of  a  crystal  be  successively  brought 
into  the  same  position,  the  angle  through  which  the  crystal  will  have  moved 
will  be  the  supplement  to  that  contained  between  the  two  planes.  If,  for  example, 
in  a  small  crystal,  cab  (fig.  158)  be  the  angle  which  is  to  be  determined, 


nff.w. 


and  the  reflecting  surface  a  6  be  placed  in  such  a  position  that  the  reflection 
of  the  image  of  a  distant  point  8  seen  from  0  exactly  covers  a  point  £  lying 
in  the  tine  of  the  reflected  ray,  then  the  other  side  a  c  of  the  angle  cab 
must  be  turned  through  the  angle  cafy  in  order  to  assume  the  same  po- 
sition, and  to  give  the  same  phenomena  as  the  plane  a  b  previously  did. 
The  angle  c  a  /  is  the  supplement  of  the  angle  cab.  All  that  is  required 
to  be  done,  therefore,  is  to  measure  the  angle  c  af  with  accuracy,  and  sub- 
tract its  value  from  180° ;  and  this  the  goniometer  effects. 

One  method  of  using  the  instrument  is  the  following :  —  The  goniometer 
is  placed  at  a  convenient  height  upon  a  steady  table  in  front  of  a  well 
illuminated  window.  Horizontally  across  the  latter,  at  the  height  of  eight 
or  nine  feet  from  the  ground,  is  stretched  a  narrow  black  ribbon,  while  a 
second  similar  ribbon,  adjusted  parallel  to  the  first,  is  fixed  beneath  the 
window,  a  foot  or  eighteen  inches  above  the  floor.  The  object  is  to  obtain 
two  easily  visible  black  lines,  perfectly  parallel.  The  crystal  to  be  examined 
is  attached  to  the  arm  of  the  goniometer  at  /  by  a  little  wax,  and  adjusted 
in  such  a  manner  that  the  edge  joining  the  two  planes  whose  inclination  is 
to  be  measured  shall  nearly  coincide  with,  or  be  parallel  to,  the  axis  of  the 
instrument.  This  being  done,  the  adjustment  is  completed  in  the  following 
manner:  —  The  divided  circle  is  turned  until  the  zero  of  the  vernier  comes 
to  180° ;  the  crystal  is  then  moved  round  by  means  of  the  inner  axis  c 
(tig.  152)  until  the  eye  placed  near  it  perceives  the  image  of  the  upper 
black  line  reflected  from  the  surface  of  one  of  the  planes  in  question.  Fol- 
lowing this  image,  the  crystal  is  still  cautiously  turned  until  the  upper  black 
line  seen  by  reflection  approaches  and  overlaps  the  lower  black  line  seen 
d&eetly  by  another  portion  of  the  pupil.  It  is  obvious,  that  if  the  plane  of 
the  crystal  be  quite  parallel  to  the  axis  of  the  instrument  (the  latter  being 
horizontal),  the  two  lines  will  coincide  completely.  If,  however,  this  should 
not  be  the  case,  the  crystal  must  be  moved  upon  the  wax  until  the  two  lines 
fall  in  one  when  superposed.  The  second  face  of  the  crystal  must  then  be 
adjusted  in  the  same  manner,  care  being  taken  not  to  derange  the  position 
of  the  first.  When  by  repeated  observation  it  is  found  that  both  have  been 
correctly  placed,  so  as  to  bring  the  edge  into  the  required  condition  of 
parallelism  with  the  axis  of  motion,  the  measurement  of  the  angle  may  be 
made. 
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For  this  purpose  the  crystal  is  moved  as  before  by  the  inner  axis  until 
the  image  of  the  upper  line,  reflected  from  the  first  face  of  the  crystal, 
covers  the  lower  line  seen  directly.  The  great  circle,  carrying  the  whole 
with  it,  is  then  cautiously  turned  until  the  same  coincidence  of  the  upper 
with  the  lower  line  is  seen  by  means  of  the  second  face  of  the  crystal ; 
that  is,  the  second  face  is  brought  into  exactly  the  same  position  as  that 
previously  occupied  by  the  first.  Nothing  then  remains  but  to  read  off  by 
the  vernier  the  angle  through  which  the  circle  has  been  moved  in  this 
operation.  The  division  upon  the  circle  itself  is  very  often  made  backward, 
so  that  the  angle  of  motion  is  not  obtained,  but  its  supplement,  or  the  angle 
of  the  crystal  required. 

It  may  be  necessary  to  remark,  that,  although  the  principle  of  the 
operation  described  is  in  the  highest  degree  simple,  its  successful  practice 
requires  considerable  skill  and  experience. 

If  a  crystal  of  tolerably  simple  form  be  attentively  considered,  it  will  be- 
come evident  that  certain  directions  can  be  pointed  out  in  which  straight 
lines  may  be  imagined  to  be  drawn,  passing  through  the  oentral  point  of 
the  crystal  from  side  to  side,  from  end  to  end,  or  from  one  angle  to  that 
opposed  to  it,  &c,  about  which  lines  the  particles  of  matter  composing  the 
crystal  may  be  conceived  to  be  symmetrically  built  up.  Such  lines,  or  axes, 
are  not  always  purely  imaginary,  however,  as  may  be  inferred  from  the  re- 
markable optical  properties  of  many  crystals:  upon  their  number,  relative 
lengths,  position,  and  inclination  to  each  other,  depends  the  outward  figure 
of  the  crystal  itself. 

All  crystalline  forms  may  upon  this  plan  be  arranged  in  six  classes  or 
systems;  these  are  the  following: 

1.  The  monometric,  regular,  or  cubic  system.  — The  crystals  of  this  division 
have  three  equal  axes,  all  placed  at  right  angles  to  each  other.  The  most 
important  forms  are  the  cube  (1),  the  regular  octahedron  (2),  and  the  rhombic 
dodecahedron  (8). 

The  letters  a— a  (fig.  154)  show  the  termination  of  the  three  axes,  placed 
as  stated. 


Vety  many  substances,  both  simple  and  compound,  assume  these  forms, 
as  most  of  the  metals,  carbon  in  the  state  of  diamond,  common  salt,  po- 
tassium iodide,  the  alums,  fluor-spar,  iron  bisulphide,  garnet,  spinelle,  &c. 

2.  The  dimetric,  quadratic,  square  prismatic,  or  pyramidal  system.  —  Three 
axes  are  here  also  observed,  at  right  angles  to  each  other.  Of  these,  how- 
ever, two  only  are  of  equal  length,  the  third  being  longer  or  shorter.  The 
most  important  forms  are,  a  right  square  prism,  in  which  the  lateral  axes 
terminate  in  the  central  pofnt  of  each  side  (\ ) ;  a  second  right  square  prism, 
in  which  the  axes  terminate  in  the  edges  (2) ;  a  corresponding  pair  of  right, 
square-based  octohedrons  (3  and  4). 

Examples  of  these  forms  are  to  be  found  in  zircon,  native  stannic  oxide, 
apophyllite,  yellow  potassium  ferrocyanide,  &o. 
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.  Principal  or  vertical  axes. 
b—b.  Secondary  or  lateral  axes. 

3.  The  rhombohedral  system.  —  This  i9  very  important  and  extensive ;  it  is 
characterized  by  four  axes,  three  of  which  are  equal,  in  the  same  plane, 
and  inclined  to  each  other  at  angles  of  60°,  while  the  fourth  or  principal 
axis  is  perpendicular  to  all.  The  regular  six-tided  prism  (1),  the  ouarlz-dodt- 
ctkdron  (2),  the  rhombohedron  (8),  and  a  second  dodecahedron,  called  a 
tttknohedron,  whose  faces  are  scalene  triangles  (4),  belong  to  the  system  in 
question. 

12  8  4 


_     ...  Principal  axil, 
o — 6.  Secondary  axes. 


Examples  are  readily  found ;  as  in  ice,  calc  spar,  sodium  nitrate,  beryl, 
quarts  or  rock-crystal,  and  the  semi-metals,  arsenic,  antimony,  and  tel- 
lurium. 

4.  The  trimetriCy  rhombic,  or  right  prismatic  system.  —  This  is  characterized 
by  three  axes  of  unequal  lengths,  placed  at  right  angles  to  each  other,  as 


Jfy.157. 
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Principal  axis, 
6—6,  e— c  Secondary  ax». 

in  the  right  rectangular  prism  (1),  the  right  rhombic  prism  (2),  the  right  rec~ 
tongular-based  octohedron  (3),  and  the  right  rhombic-based  octohedron  (4). 


262 


CRYSTALLINE  FORM. 


The  system  is  exemplified  in  sulphur  crystallized  at  a  low  temperature, 
arsenical  iron  pyrites,  potassium  nitrate  and  sulphate,  barium  sulphate,  &c. 

5.  The  monoclinic  or  oblique  prismatic  system.  —  Crystals  belonging  to  this 
group  have  also  three  axes,  which  may  be  all  unequal;  two  of  these  (the 
secondary)  are  placed  at  right  angles,  the  third  being  so  inclined  as  to  be 
oblique  to  one  and  perpendicular  to  the  other.     To  this  system  may  be  re- 

Jty.158. 
1  2  8  4 


Or— a.  Principal  axU. 

b— 6,  o— c  Secondary  axes. 

ferredthe  four  following  forms:  The  oblique  rectangular  prism  (1),  the  oblique 
rhombic  prism  (2),  the  oblique  rectangular-based  octohedron  (3),  the  oblique 
rhombic-based  octohedron  (4). 

Such  forms  are  taken  by  sulphur  crystallized  by  fusion  and  cooling,  real- 
gar, sulphate,  carbonate  and  phosphate  of  sodium,  borax,  green  vitriol, 
and  many  other  salts. 

6.  The  triclmic,  onorthic,  or  doubly  oblique  prismatic  system,  —  The  crys- 
talline forms  comprehended  in  this  division  are,  from  their  great  apparent 
irregularity,  exceedingly  difficult  to  study  and  understand.     In  them  are 


«— a.  Principal  axi§,  an  before. 
6—6,  o—c.  Secondary  axes. 

traced  three  axes,  which  may  be  all  unequal  in  length,  and  are  all  oblique 
to  each  other,  as  in  the  two  doubly  oblique  ptisms  (1  and  2),  and  in  the  cor- 
responding doubly  oblique  octohedrons  (3  and  4). 

Copper  sulphate,  bismuth  nitrate,  and  potassium  quadroxalate  afford 
illustrations  of  these  forms. 

If  a  crystal  increase  in  magnitude  by  equal  additions  on  every  part,  it  is 
quite  clear  that  its  figure  must  remain  unaltered ;  but  if,  from  some  c&use, 
this  increase  should  be  partial,  the  newly  deposited  matter  being  distributed 
unequally,  but  still  in  obedience  to  certain  definite  laws,  then  alterations 
of  form  are  produced,  giving  rise  to  figures  which  have  a  direct  geometn- 
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eal  connection  with  that  from  which  they  are  derived.  If,  for  example,  in 
the  cube,  a  regular  omission  of  successive  rows  of  particles  of  matter  in  a 
certain  order  be  made  at  each  solid  angle,  while  the  crystal  continues  to 
increase  elsewhere,  the  result  will  be  the  production  of  small  triangular 
planes,  which,  as  the  process  advances,  gradually  usurp  the  whole  of  the 
surface  of  the  crystal,  and  convert  the  cube  into  an  ootohedron.     The  new 

Fig.  190. 


Passage  of  cube  to  octohedron.  ' 

planes  are  called  secondary,  and  their  production  is  said  to  take  place  by 
regular  decrements  upon  the  solid  angles.  The  same  thing  may  happen  on 
the  edges  of  the  cube ;  a  new  figure,  the  rhombic  dodecahedron,  is  then 
generated.  The  modifications  which  can  thus  be  produced  of  the  original 
or  primary  figure  (all  of  which  are  subject  to  exact  geometrical  laws)  are 
very  numerous.  Several  distinct  modifications  may  be  present  at  the  same 
time,  and  thus  render  the  form  exceedingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary  figure,  as  in 
calc  spar,  which  offers  a  good  illustration  of  this  perfect  cleavage.  Some- 
times one  or  two  of  these  planes  have  a  kind  of  preference  over  the  rest  in 
this  respect,  the  crystal  splitting  readily  in  these  directions  only. 

A  very  curious  modification  of  the  figure  sometimes  occurs  by  the  exces- 
sive growth  of  each  alternate  plane  of  the  crystal;  the  rest  become  at 
length  obliterated,  and  the  crystal  assumes  the  character  called  hemihedral 
or  half-tided.  This  is  well  seen  in  the  production  of  the  tetrahedron  from 
the  regular  octohedron,  and  of  the  rhombohedric  form  by  a  similar  change 
from  the  quartx-dodecahedron  already  figured. 

Fig.  161. 


Pamage  of  octohedron  to  tetrahedron. 

Forms  belonging  to  the  same  crystallographic  system  are  related  to  each 
other  by  several  natural  affinities. 

1.  It  is  only  the  simple  forms  of  the  same  system  that  can  combine  into  a  com- 
pUx  form.  —  For  in  all  fully  developed  (holohedral)  natural  crystals  it  is 
found  that  all  the  similar  parts,  if  modified  at  all,  are  modified  in  an  ex- 
actly similar  manner  (in  hemihedral  forms,  half  the  similar  edges  and 
angles  alternately  situated  are  similarly  modified).  Now  this  can  be  the 
ease  only  when  the  dominant  form  and  the  modifying  form  are  developed 
according  to  the  same  law  of  symmetry.  Thus,  if  a  cube  and  a  regular 
octohedron  are  developed  round  the  same  system  of  axes,  each  summit  of 
the  cube  is  cut  off  to  the  same  extent  by  a  face  of  the  octohedron,  or  vice 
«r«4.    Bat  a  cube  could  never  combine  in  this  manner  with  a  rhombic  octo- 
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hedron,  because  it  would  be  impossible  to  place  the  two  forms  in  such  a\ 
manner  that  similar  parts  of  the  one  should  throughout  replace  similar  parts 
of  the  other. 

The  crystals  of  each  system  are  thus  subject  to  a  peculiar  and  distinct  set 
of  modifications,  the  observation  of  which  very  frequently  constitutes  an 
excellent  guide  to  the  discovery  of  the  primary  form  itself. 

2.  Crystals  belonging  to  the  tame  system  are  intimately  related  m  their  optical 
properties.  — Crystals  belonging  to  the  regular  system  (as  the  diamond,  alum, 
rock-salt,  Ac.)  refract  light  in  the  same  manner  as  uncrystallized  bodies; 
that  is  to  say,  they  have  but  one  refractive  index,  and  a  ray  of  light  passing 
through  them  in  any  direction  is  refracted  singly.  But  all  other  crystals 
refract  doubly,  that  is  to  say,  a  ray  of  light  passing  through  them  (except 
in  certain  directions)  is  split  into  two  rays,  the  one,  called  the  ordinary  ray, 
being  refracted  as  it  would  be  by  an  amorphous  body,  the  other,  called  the 
extraordinary  ray,  being  refracted  according  to  peculiar  and  more  complex 
laws  (see  Light).  Now  the  crystals  of  the  dimetric  and  hexagonal  systems 
resemble  each  other  in  this  respect,  that  in  all  of  them  there  is  one  direc- 
tion, called  the  optic  axis,  or  axis  of  double  refraction  (coinciding  with  the 
principal  crystallographic  axis),  along  which  a  ray  of  light  is  refracted 
singly,  while  in  all  other  directions  it  is  refracted  doubly ;  whereas  in  crys- 
tals belonging  to  the  other  systems,  viz.,  the  trimetric  and  the  two  oblique 
systems,  there  are  always  two  directions  or  axes,  along  which  a  ray  is  singly 
refracted. 

8.  Crystals  belonging  to  the  fame  system  resemble  each  other  in  their  mode  of  con- 
ducting heat. — Amorphous  bodies  and  crystals  of  the  regular  system  con- 
duct heat  equally  in  all  directions,  so  that,  supposing  a  centre  of  heat  to 
exist  within  such  a  body,  the  isothermal  surfaces  will  be  spheres.  But 
crystals  of  the  dimetric  and  hexagonal  systems  conduct  equally  only  in 
directions  perpendicular  to  the  principal  axis,  so  that  in  such  crystals  the 
isothermal  surfaces  are  ellipsoids  of  revolution  around  that  axis;  and 
crystals  belonging  to  either  of  the  three  other  systems  conduct  unequally 
in  all  directions,  so  that  in  them  the  isothermal  surfaces  are  ellipsoids  with 
three  unequal  axes. 

Relatione  of  Form  and  Constitution;  Isomorphism. 

Certain  substances,  to  which  a  similar  chemical  constitution  is  ascribed, 
possess  the  remarkable  property  of  exactly  replacing  each  other  in  crys- 
tallized compounds  without  alteration  of  the  characteristic  geometrical 
figure.     Such  bodies  are  said  to  be  isomorphous,* 

For  example,  magnesia,  zinc  oxide,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxide  are  allied  by  isomorphic  relations  of  the  most  intimate  nature. 
The  salts  formed  by  these  substances  with  the  same  acid  and  similar  pro- 
portions of  water  of  crystallization,  are  identical  in  their  form,  and,  when 
of  the  same  color,  cannot  be  distinguished  by  the  eye:  the  sulphates  of 
magnesium  and  zinc  may  be  thus  confounded.  These  sulphates,  too,  all 
combine  with  potassium  sulphate  and  ammonium  sulphate,  giving  rise  to 
double  salts,  whose  figure  is  the  same,  but  quite  different  from  that  of  the 
simple  sulphates.  Indeed  this  connection  between  identity  of  form  and 
parallelism  of  constitution  runs  through  all  their  combinations. 

In  the  same  manner  alumina  and  iron  sesquioxide  replace  each  other 
continually  without  change  of  crystalline  figure :  the  same  remark  may  be 
mnde  of  the  oxides  of  potassium,  sodium,  and  ammonium,  these  bodies 
being  strictly  isomorphous.  The  alumina  in  common  alum  may  be  replaced 
by  iron  sesquioxide,  the  potash  by  ammonia  or  by  soda,  and  still  the  figure 
of  the  crystal  remains  unchanged.     These  replacements  may  be  partial 

*  from  for,  equal,  and  ftSp^rj,  thap«  or  form. 
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only:  we  may  have  an  alum  containing  both  potash  and  ammonia,  or 
•lamina  and  chromium  sesquioxide.  By  artificial  management —  namely, 
by  transferring  the  crystal  successively  to  different  solutions  —  we  may 
hare  these  isomorphous  and  mutually  replacing  compounds  distributed  in 
different  layers  upon  the  same  crystal. 

For  these  reasons,  mixtures  of  isomorphous  salts  can  never  be  separated 
by  crystallisation,  unless  their  difference  of  solubility  is  very  great.  A 
mixed  solution  of  ferrous  sulphate  and  nickel  sulphate,  isomorphous  salts, 
yields  on  evaporation  crystals  containing  both  iron  and  nickel.  But  if 
before  evaporation  the  ferrous  salt  be  converted  into  ferric  salt,  by  chlorine 
or  other  means,  then  the  crystals  obtained  are  free  from  iron,  except  that 
of  the  mother-liquor  which  wets  them.  The  ferric  salt  is  no  longer  iso- 
morphous with  the  nickel  salt,  and  easily  separates  from  the  latter. 

When  compounds  are  thus  found  to  correspond,  it  is  inferred  that  the 
elements  composing  them  are  also  sometimes  isomorphous.  ThuB,  the 
metals  magnesium,  zinc,  iron,  and  copper  are  presumed  to  be  isomorphous: 
arsenic  and  phosphorus  have  not  the  same  crystalline  form;  nevertheless, 
they  are  said  to  be  isomorphous,  because  arsenic  and  phosphoric  acids  give 
rise  to  combinations  which  agree  most  completely  in  figure  and  constitution. 
The  chlorides,  iodides,  bromides,  and  fluorides  agree,  whenever  they  can 
be  observed,  in  the  most  perfect  manner :  hence  the  elements  themselves 
are  believed  to  be  also  isomorphous.  Unfortunately,  for  obvious  reasons, 
it  is  very  difficult  to  observe  the  crystalline  figure  of  most  of  the  elemen- 
tary bodies,  and  this  difficulty  is  increased  by  the  frequent  dimorphism 
they  exhibit. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always  ex- 
hibited by  isomorphous  substances.  In  other  words,  small  variations  often 
occur  in  the  magnitude  of  the  angles  of  crystals  of  compounds  which  in 
all  other  respects  show  the  closest  isomorphic  relations.  This  should  occa- 
sion no  surprise,  as  there  are  reasons  why  such  variations  might  be  ex- 
pected, the  chief  perhaps  being  the  unequal  effects  of  expansion  by  heat, 
by  which  the  angles  of  the  same  crystal  are  changed  by  alteration  of  tem- 
perature. A  good  example  is  found  in  the  case  of  the  carbonates  of  cal- 
cium, magnesium,  manganese,  iron,  and  zinc,  which  are  found  native  crys- 
tallised in  the  form  of  obtuse  rhombohedrons  (fig.  156),  not  distinguishable 
from  each  other  by  the  eye,  or  even  by  the  common  goniometer,  but  show- 
ing small  differences  when  examined  by  the  more  accurate  instrument  of 
Dr.  Wollaston.  These  compounds  are  isomorphous,  and  the  measurements 
of  the  obtuse  angles  of  their  rhombohedrons  are  as  follows : 


Calcium  carbonate 

.    105°    5' 

Magnesium  "           • 

107°  26' 

Manganous  " 

.    107°  20' 

Ferrous         " 

107° 

Zino               " 

.    107°  4<K 

Anomalies  in  the  composition  of  various  earthy  minerals,  which  formerly 
threw  much  obscurity  upon  their  chemical  nature,  have  been  in  great 
measure  explained  by  these  discoveries.  Specimens  of  the  same  mineral 
from  different  localities  were  found  to  afford  very  discordant  results  on 
analysis.  But  the  proof  once  given  of  the  extent  to  which  substitution  of 
isomorphous  bodies  may  go,  without  destruction  of  what  may  be  called 
the  primitive  type  of  the  compound,  these  difficulties  vanish. 

Decision  of  a  doubtful  point  concerning  the  constitution  of  a  compound 
mty  now  and  then  be  very  satisfactorily  made  by  a  reference  to  this  same 
law  of  isomorphism.  Thus,  alumina,  the  only  known  oxide  of  aluminium, 
is  judged  to  be  a  sesquioxide,  from  its  relation  to  scoquioxide  of  iron, 
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which  is  certainly  bo  ;  the  black  oxide  of  copper  is  inferred  to  be  really 
the  monoxide,  although  it  contains  twice  as  much  oxygen  as  the  red  oxide, 
because  it  is  isomorphous  with  magnesia  and  sine  oxide,  both  undoubted 
monoxides. 

The  subjoined  table  will  serve  to  convey  some  idea  of  the  most  important 
families  of  isomorphous  elements ;  it  is  taken,  with  slight  modification,  from 
Professor  Graham's  Elements  of  Chemistry,*  to  which  the  pupil  is  referred 
for  fuller  details  on  this  interesting  subject : 

Uomorphcut  Group*. 


(1) 

(»•) 

(6.) 

Sulphur 

Barium  * 

Sodium 

Selenium 

Strontium 

Silver 

Tellurium. 

Lead. 

Thallium 
Gold 

(2.) 

(*■) 

Potassium 

Magnesium 

Platinum 

jlmmontum. 

Calcium 

Iridium 

Manganese 

Osmium. 

(70 

Iron 

Chlorine 

Cobalt 

(5.) 

Iodine 

Nickel 

Tin 

Bromine 

Zinc 

Titanium 

Fluorine 

Cadmium 

Zirconium 

Cyanogen. 

Copper 

Tungsten 

Chromium 

Molybdenum 

(8.) 
Phosphorus 

Aluminium 

Tantalum 

Glucinum. 

Niobium. 

Arsenic 

Antimony 

Bismuth 

Vanadium. 

A  comparison  of  this  table  with  that  on  page  286  will  show  that,  in  many 
instances,  isomorphous  elements  exhibit  equal  equivalence  or  combining 
power,  and  more  generally  that  the  isomorphous  groups  consist  either 
wholly  of  perissad  or  wholly  of  artiad  elements.  The  only  apparent  ex- 
ception to  this  rule  is  afforded  by  tantalum  and  niobium,  which,  although 
pentads,  are  isomorphous  with  tin,  tungsten,  and  other  tetrad  and  hexad 
elements. 

•  Second  Am.  edition,  p.  140. 
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THE  metals  constitute  the  second  and  larger  group  of  elementary  bodies. 
A  great  number  of  them  are  of  very  rare  occurrence,  being  found  only 
ia  a  few  scarce  minerals ;  others  are  more  abundant,  and  some  few  almost 
universally  diffused  throughout  the  globe.  Some  of  these  bodies  are  of 
most  importance  when  in  the  metallic  state ;  others,  when  in  combination, 
chiefly  as  oxides,  the  metals  themselves  being  almost  unknown.  Many  are 
ued  in  medicine  and  in  the  arts,  and  are  essentially  connected  with  the 
progress  of  civilisation. 

If  arsenic  be  included,  the  metals  amount  to  fifty  in  number. 

Physical  Properties. — One  of  the  most  remarkable  and  striking  charac- 
ters possessed  by  the  metals  is  their  peculiar  lustre :  this  is  so  character- 
istic, that  the  expression  metallic  lustre  has  passed  into  common  speech. 
This  property  is  no  doubt  connected  with  the  extraordinary  degree  of  opa- 
city which  the  metals  present  in  every  instance.  The  thinnest  leaves  or 
plates,  and  the  edges  of  crystalline  laminsa,  arrest  the  passage  of  light  in 
the  most  complete  manner.  An  exception  to  the  rule  is  usually  made  in 
favor  of  gold-leaf,  which,  when  held  up  to  the  daylight,  exhibits  a  greenish, 
sad  in  some  eases  a  purple  color,  as  if  it  were  really  endued  with  a  certain 
degree  of  translucency :  the  metallic  film  is,  however,  generally  so  imper- 
fect that  it  is  somewhat  difficult  to  say  whether  the  observed  effect  may  not 
he  in  some  measure  due  to  multitudes  of  little  holes,  many  of  which  are 
visible  to  the  naked  eye;  but  Faraday's  experiments  have  established  the 
traaslncency  of  gold  beyond  all  doubt. 

In  point  of  color,  the  metals  present  a  certain  degree  of  uniformity :  with 
two  exceptions — vis.,  copper,  which  is  red,  and  gold,  which  is  yellow  — 
all  these  bodies  are  included  between  the  pure  white  of  silver  and  the 
bluish-gray  tint  of  lead :  bismuth,  it  is  true,  has  a  pinkish  color,  and  cal- 
cium and  strontium  a  yellowish  tint,  but  these  tints  are  very  feeble. 

The  differences  of  specific  gravity  are  very  wide,  passing  from  lithium, 
potassium,  and  sodium,  which  are  lighter  than  water,  to  platinum,  which  is 
nearly  twenty-one  times  heavier  than  an  equal  bulk  of  that  liquid. 

Table  of  the  Specific  Gravities  of  Metals  at  15-5°  G.  (60°  F.) 


Platinum    • 

.     21-50 

Gold       . 

19-60 

Uranium     . 

.     18-4 

Tungsten 

17-60 

Mercury     . 

.     13-59 

Palladium 

11-30  to  11-8 

Lead  . 

.     11-45 

Silver     ....  10-50 

Bismuth      .  9-90 

Copper  ....  8-96 

Nickel         ....  8-80 

Cadmium        .         .         .  8-70 

Molybdenum      .        .        .  8-68 
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Cobalt 

8-54 

Manganese     . 

.     800 

Iron 

7-79 

Tin 

.     7-29 

Zino 

6-86  to  74 

Antimony 

.     680 

Tellurium  . 

6-11 

Arsenic 

.     6-88 

Aluminium 

2-66  to  2-67 

Magnesium  . 

.     1-75 

Sodium     . 

0-972 

Potassium    . 

.    0-865 

Lithium    . 

0-598 

The  property  of  malleability,  or  power  of  extension  under  the  hammer, 
or  between  the  rollers  of  the  flatting-mill,  is  possessed  by  certain  of  the 
metals  to  a  very  great  extent.  Gold-leaf  is  a  remarkable  example  of  the 
tenuity  to  which  a  malleable  metal  may  be  brought  by  suitable  means.  The 
gilding  on  silver  wire  used  in  the  manufacture  of  gold  lace  is  even  thinner, 
and  yet  presents  an  unbroken  surface.  Silver  may  be  beaten  out  very  thin  — 
copper  also,  but  to  an  inferior  extent ;  tin  and  platinum  are  easily  rolled 
out  into  foil;  iron,  palladium,  lead,  nickel,  cadmium,  the  metals  of  the 
alkalies,  and  mercury  when  solidified,  are  also  malleable.  Zinc  may  be 
placed  midway  between  the  malleable  and  brittle  division ;  then  perhaps 
bismuth ;  and,  lastly,  such  metals  as  antimony  and  arsenic,  which  are  al- 
together destitute  of  malleability. 

The  specific  gravity  of  malleable  metals  is  usually  very  sensibly  increased 
by  pressure  or  blows,  and  the  metals  themselves  are  rendered  much  harder, 
with  a  tendency  to  brittleness.  This  condition  is  destroyed  and  the  former 
soft  state  restored  by  the  operation  of  annealing,  which  consists  in  heating 
the  metal  to  redness  out  of  contact  with  air  ( if  it  will  bear  that  temperature 
without  fusion),  and  cooling  it  quickly  or  slowly  according  to  the  circum- 
stances of  the  case.  After  this  operation,  it  is  found  to  possess  its  original 
specific  gravity. 
Ductility  is  a  property  distinct  from  the  last,  inasmuch  as  it  involves  the 
principle  of  tenacity,  or  power  of  resisting  tension.  The 
art  of  wire-drawing  is  one  of  great  antiquity :  it  consists  in 
drawing  rods  of  metal  through  a  succession  of  trumpet- 
shaped  holes  in  a  steel  plate,  each  being  a  little  smaller  than 
its  predecessor,  until  the  requisite  degree  of  fineness  is  at- 
tained. The  metal  often  becomes  very  hard  and  rigid  in 
this  process,  and  is  then  liable  to  break :  this  is  remedied  by 
annealing.  The  order  of  tenacity  among  the  metalB  suscep- 
tible of  being  easily  drawn  into  wire  is  the  following :  it  is 
Wl  .  J  determined  by  observing  the  weights  required  to  break 
■— ■        asunder  wires  drawn  through  the  same  orifice  of  the  plate  : 


Fig.  1A2. 

ft    i\ 


Iron 

Gold 

Copper 

Zino 

Platinum 

Tin 

Silver 

Lead. 

Metals  differ  as  much  in  fusibility  as  in  density.  The  following  table  will 
give  an  idea  of  their  relations  to  heat.  The  melting-points  of  the  metals 
which  fuse  only  at  a  temperature  above  ignition,  and  that  of  zinc,  are  on 
the  authority  of  the  late  Professor  Daniell,  having  been  observed  by  the 
help  of  his  pyrometer  before  described : 
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Melting  points. 


Furible  below 
t  red  heat. 


F. 

'Mercury -39° 

Rubidium  ....  101-8 

Potassium 144*5 

Sodium 207-7 

Lithium 356 

Tin 442 

Cadmium       .        .         .        (about)  442 

Bismuth 497 

Thallium 561 

Lead 617 

Tellurium — rather  less  fusible  than  lead. 
Arsenic  —  unknown. 

Zinc 778 

Antimony — just  below  redness. 


c. 
-39-44° 

88-5 

62-5 

97-6  ' 
180 
227-8 
228 
258 
294 
825 


412 


Infusible  below 
s  red  heat. 


Silver   . 

Copper 

Gold      . 

Cast-iron  . 

Pure  iron 

Nickel 

Cobalt 

Manganese 

Palladium 

Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium 

Iridium 

Rhodium 

Platinum 

Tantalum 


Melting  points. 
F.  a 

1873°       1023° 
1996        1091 
2016        1102 
2786        1530 


Highest  heat  of  forge. 


Agglomerate,  but  do  not  melt  in  the 
forge. 


Infusible  in  ordinary  blast-furnaces ; 
fusible  by  oxy-hydrogen  blowpipe. 


8ome  metals  acquire  a  pasty  or  adhesive  state  before  becoming  fluid : 
this  is  the  case  with  iron  and  platinum,  and  also  with  the  metals  of  the 
alkalies.  It  is  this  peculiarity  which  confers  the  very  valuable  property  of 
welding,  by  which  pieces  of  iron  and  steel  are  united  without  solder,  and 
the  finely  divided  metallic  sponge  of  platinum  is  converted  into  a  solid  and 
compact  bar. 

Volatility  is  possessed  by  certain  members  of  this  class,  and  perhaps  by 
tH,  could  temperatures  sufficiently  elevated  be  obtained.  Mercury  boils 
wd  distils  below  a  red  heat;  potassium,  sodium,  zinc,  magnesium,  and 
cadmium  rise  in  vapor  when  heated  to  bright  redness ;  arsenic  and  tellu- 
rium are  volatile. 
28* 
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CHEMICAL  RELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  kinds — namely,  those  formed  by  the 
union  of  metals  among  themselves,  which  are  called  alloys,  or,  where  mer- 
cury is  concerned,  amalgams;  and  those  generated  by  combination  with 
the  non-metallic  elements,  as  oxides,  chlorides,  sulphides,  &c.  In  this 
latter  case,  the  metallic  characters  are  almost  invariably  lost 

Alloys.  —  Most  metals  are  probably,  to  some  extent,  capable  of  existing 
in  a  state  of  combination  with  each  other  in  definite  proportions;  but  it 
is  difficult  to  obtain  these  compounds  in  a  separate  condition,  since  they 
dissolve  in  all  proportions  in  the  melted  metals,  and  do  not  generally  differ 
so  widely  in  their  melting  points  from  the  metals  they  may  be  mixed  with, 
as  to  be  separated  by  crystallization  in  a  definite  condition.  Exceptions 
to  this  rule  are  met  with  in  the  cooling  of  argentiferous  lead,  the  crystal- 
lization of  brass,  and  of  gun-metal. 

The  chemical  force  capable  of  being  exerted  between  different  metals  is 
for  the  most  part  very  feeble,  and  the  consequent  state  of  combination  is 
therefore  Tery  easily  disturbed  by  the  influence  of  other  forces.  The 
stability  of  such  metallic  compounds  is,  however,  greater  in  proportion  to 
the  general  chemical  dissimilarity  of  the  metals  they  contain.  But  in  all 
cases  of  combination  between  metals,  the  alteration  of  physical  characters, 
which  is  the  distinctive  feature  of  chemical  combination,  does  not  take 
place  to  any  great  extent.  The  most  unquestionable  compounds  of  metals 
with  metals  are  still  metallic  in  their  general  physical  characters,  and  there 
is  no  such  transmutation  of  the  individuality  of  their  constituents  as  takes 
place  in  the  combination  of  a  metal  with  oxygen,  or  sulphur,  chlorine,  &c. 
The  alteration  of  characters  in  alloys  is  generally  limited  to  the  color,  de- 
gree of  hardness,  tenacity,  &c,  and  it  is  only  when  the  constituent  metals 
are  capable  of  assuming  opposite  chemical  relations  that  these  compounds 
are  distinguished  by  great  brittleness. 

The  formation  of  actual  chemical  compounds,  in  some  cases,  when  two 
metals  are  melted  together,  is  indicated  by  several  phenomena,  viz.,  the 
evolution  of  heat,  as  in  the  case  of  platinum  and  tin,  copper  and  zinc,  &c. 
The  density  of  alloys  differs  from  that  of  mere  mixtures  of  the  metals. 
In  the  solidification  of  alloys,  the  temperature  does  not  always  fall  uni- 
formly, but  often  remains  stationary  at  particular  degrees,  which  may  be 
regarded  as  the  solidifying  points  of  the  compounds  then  crystallizing. 
Tin  and  lead  melted  together  in  any  proportions  always  form  a  compound 
which  solidifies  at  187°  C.  The  melting-point  of  an  alloy  is  often  very 
different  from  the  point  of  solidification,  and  it  is  generally  lower  than 
the  mean  melting  point  of  the  constituent  metals. 

But  though  metals  may  combine  when  melted  together,  it  is  doubtful 
whether  they  remain  combined  after  the  solidification  of  the  mass,  and  the 
wide  differences  between  the  melting  and  solidifying  points  of  certain  alloys 
appear  to  indicate  that  the  existence  of  these  compounds  is  limited  to  a 
certain  range  of  temperature.  Matthiessen  *  regards  it  as  probable  that 
the  condition  of  an  alloy  of  two  metals  in  the  liquid  state  may  be  either 
that  of — 1.  A  solution  of  one  metal  in  another;  2.  Chemical  combination; 
8.  Mechanical  mixture ;  or,  4.  A  solution  or  mixture  of  two  or  all  of  the 
above ;  and  that  similar  differences  may  obtain  as  to  its  condition  in  the 
solid  state. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very  different 
from  their  action  upon  metals  in  the  separate  state :  thus,  platinum  alloyed 

•  British  Association  Reports,  1803,  p.  07. 
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with  silver  is  readily  dissolved  by  nitric  acid,  bat  is  not  affected  by  that 
acid  when  unalloyed.  On  the  contrary,  silver,  which  in  the  separate  state 
is  readily  dissolved  by  nitric  acid,  is  not  dissolved  by  it  when  alloyed  with 
gold  in  proportions  much  less  than  one  fourth  of  the  alloy  by  weight. 

• 

COMPOUNDS  OF  MXTAL8  WITH  METALLOIDS.— CLASSIFICATION  OF  METAL& 

A  classification  of  the  metals  according  to  their  equivalence  or  atomicity 
is  given  in  the  table  on  p.  286,  each  of  the  classes  thus  formed  being  divided 
into  groups,  the  individual  members  of  which  possess  certain  physical  or 
chemical  characters  in  common. 

Class  L  —  Monad  Metals. —  1.  Among  these  metals  potassium,  sodium, 
atrium,  rubidium,  and  lithium  are  called  alkali-metals.  They  are  soft,  easily 
fusible,  volatile  at  higher  temperatures ;  combine  very  energetically  with 
oxygen;  decompose  water  at  all  temperatures;  and  form  strongly  basio 
oxides,  which  are  very  soluble  in  water,  yielding  powerfully  caustic  and 
alkaline  hydrates,  from  which  the  water  cannot  be  expelled  by  heat.  Their 
carbonates  are  soluble  in  water,  and  each  metal  forms  only  one  chloride. 
The  hypothetical  metal  ammonium,  NH4  (p.  348),  is  usually  added  to  the  list 
of  alkali-metals,  on  account  of  the  general  similarity  of  its  compounds  to 
those  of  potassium  and  sodium. 

2.  Silver  differs  greatly  from  the  alkali-metals  in  its  physical  and  most  of 
its  chemical  properties,  but  it  is  related  to  them  by  the  isomorphism  of 
some  of  its  compounds  with  the  corresponding  compounds  of  those  metals; 
thus  it  forms  an  alum,  similar  in  form  and  composition  to  ordinary  potash 
alom. 

Class  II.  —  Dyad  MetaU. — 1.  The  three  metals,  barium,  ttrontium,  and 
caietmt,  form  oxides  called  alkaline  earth*,  less  soluble  in  water  than  the  true 
alkalies,  but  exhibiting  similar  taste,  causticity,  and  action  on  vegetable 
colors.  The  metals  of  this  group  form  but  one  chloride,  e.g.  Bad, ;  their 
carbonates  are  insoluble  in  water,  and  barium  sulphate  is  also  insoluble ; 
strontium  and  calcium  sulphates  slightly  soluble. 

2.  The  metals  of  the  next  group,  viz.  glucinum,  thorinum,  yttrium,  erbium, 
latiknum,  and  didymium,  form  oxides  called  earths,  which  are  insoluble  in 
water,  and  cannot  be  reduced  to  the  metallic  state  by  hydrogen  or  carbon ; 
their  carbonates  are  insoluble  in  water,  their  sulphates  soluble.  These 
metals  also  form  but  one  chloride,  vix.  a  dichloride.    They  are  all  very  rare. 

3.  Magnesium,  zinc,  and  cadmium  resemble  one  another  in  being  volatile  at 
high  temperatures,  and  burning  when  heated  in  the  air ;  they  decompose 
water  at  high  temperatures,  eliminate  hydrogen  from  dilute  acids,  and  form 
only  one  oxide  and  one  chloride,  e.g.  ZnO  and  ZnCla.  Magnesium  was  for- 
merly classed  as  an  earth-metal,  but  it  bears  a  much  closer  analogy  to  zinc. 

4.  Mercury  and  copper  each  form  two  chlorides  and  two  oxides :  mercury, 
for  example,  forms  the  two  chlorides,  HgCl,  and  Hpr2Clr  and  the  two  oxides, 
HgO  and  Hg,0.     Mercurous  chloride  (calomel)  is  represented  by  the  for- 

Hg— CI  Hg 

ftula   J  ,  and  the  corresponding  oxide  by   |  >0.     The  copper  com- 

Hg— CI  Hg 

pounds  are  similarly  constituted.  These  metals  do  not  decompose  water  at 
•ny  temperature ;  they  are  oxidized  by  nitric  and  by  strong  sulphuric  acid, 
the  oxides  of  mercury  are  reduced  to  the  metallic  state  by  heat  alone ; 
those  of  copper,  by  ignition  with  hydrogen  or  charcoal. 

Class  III. — Triad  Metals. — The  only  two  metals  belonging  to  this  class 
»re  thallium  and  gold.  Each  of  them  forms  a  monochloride  and  a  trichlo- 
ride, also  corresponding  oxides,  e.g.  gold  chlorides,  AuCl  and  AuCl,;  oxides, 
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Au,0  and  AutOt.  The  mono-compound*  of  thallium  are  much  more  stable 
than  the  tri-oompounds,  and  in  respect  of  these  compounds  thallium  exhibits 
very  close  analogies  with  the  alkali-metals,  forming,  for  example,  an  alum 
isomorphous  with  common  potash  alum,  and  phosphates  analogous  in  com- 
position to  the  phosphates  of  sodium. 

Class  IV.  —  Tetrad  Metal*.  —  1.  Platinum,  palladium,  iridium,  rhodium, 
ruthenium,  and  osmium  form  a  natural  group  of  metals,  occurring  together 
in  the  metallic  state,  and  resembling  each  other  in  many  of  their  proper- 
ties. Platinum  and  palladium  form  dichlorides  and  tetrachlorides,  with 
corresponding  oxides,  as,  e.g.,  PtCl^  PtCl^  PtO,  PtO-  Iridium  forms  a 
dichloride,  a  tetrachloride,  and  an  intermediate  chloride,  lr/^lf,  which  may 
be  regarded  as  a  compound  of  the  other  two,  or  as  constituted  according  to 

IrCl, 
the  formula  I  Ruthenium  and  osmium  form  chlorides  similar  in  con- 

trol, 
stitution  to  those  of  iridium ;  rhodium  only  a  dichloride,  RhClr  and  a  tri- 
chloride, Rh,Clr  All  these  metals  form  oxides  analogous  in  composition 
to  their  chlorides,  e.  g.  IrO,  Ir,Os,  IrOs  and  likewise  higher  oxides,  iridium 
and  rhodium  forming  trioxide?,  IrOt  and  RhOr  and  osmium  and  ruthenium 
forming  tetroxides,  Os04  and  Ru04:  whence  it  might  be  inferred  that 
iridium  and  rhodium  are  hexad,  osmium  and  ruthenium  octads ;  but  there 
are  no  chlorides  corresponding  to  these  oxides,  and,  as  already  observed 
(p.  355),  the  atomicity  of  an  element  cannot  be  inferred  from  the  composi- 
tion of  its  oxides.  The  metals  of  the  platinum  group  are  not  acted  upon  by 
nitric  acid,  but  only  by  chlorine  or  nitromuriatic  acid.  With  the  exception 
of  osmium,  they  do  not  oxidize  in  the  air  at  any  temperature,  and  their 
oxides  are  nil  reducible  by  heat  alone.  These  metals,  together  with  gold, 
silver,  and  mercury,  which  likewise  exhibit  the  last-mentioned  character, 
are  sometimes  called  noble  metaU. 

2.  Tin  and  titanium  are  closely  related  to  silicium,  each  forming  a  volatile 
tetrachloride ;  namely,  stannic  chloride,  SnCl4.  and  titanic  chloride,  TiCl4, 
together  with  the  corresponding  oxides.  Tin  likewise  forms  the  stannous 
compounds,  in  which  it  is  bivalent,  e.g.,  SnClr  SnO;  and  titanium  forms 
the  titanous  compounds,  in  which  it  is  apparently  trivalent,  but  really 
quadrivalent,  like  aluminium. 

3.  Lead  stands  by  itself.  Its  quadrivalence  is  inferred  from  the  compo- 
sition of  plumbo-tetrethide,  Pb(C2H8)4;  but  in  most  of  its  compounds  it  is 
bivalent,  forming  only  one  chloride,  PbClr  with  corresponding  iodide, 
bromide,  and  fluoride.  It  forms  also  the  corresponding  oxide,  PbO,  together 
with  a  lower  oxide,  PbtO,  and  three  higher  oxides,  Pb$04,  Pb4Os,  and  PbO,. 
Lead  is  allied  to  barium  and  strontium  by  isomorphism  of  its  sulphate  with 
the  sulphates  of  barium  and  strontium,  and  to  silver,  thallium,  and  mercury 
by  the  sparing  solubility  of  its  chloride,  which  is  precipitated  by  hydro- 
chloric acid  from  solutions  of  lead  salts. 

4.  Zirconium  forms  a  tetrachloride,  ZrCl4,  and  a  dioxide,  ZrOr  Aluminium 
is  inferred  to  be  tetradic  from  its  analogy  to  iron  in  the  ferric  compounds, 
but  it  forms  only  one  class  of  salts  in  which  it  is  apparently  trivalent,  the 

A1C1,  0=A1 

chloride  being  A1.CL  =  I        ,  and  the  oxide  I  >0.      Aluminium  and 

A1C1,  0=A1 

zirconium  belong  to  the  class  of  earth-metals,  and  will  be  described  in  con- 
nection with  them. 

5.  The  Iron  group  comprises  iron,  manganese,  cobalt,  nickel,  uranium,  cerium, 
and  indium.  The  atomicity  of  these  metals  has  already  been  discussed. 
Manganese  forms  a  chloride  of  somewhat  doubtful  composition,  in  which  it 
is  apparently  septivalent ;  but  the  rest  do  not  form  any  compounds  with 
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monad  elements  in  which  they  exhibit  an  equivalent  value  greater  than  4. 
All  these  metals  decompose  water  at  high  temperatures.  Nickel  and  cobalt 
are  magnetic,  like  iron,  and  their  salts  are  isomorphons  with  the  cor- 
responding iron  compounds.  Indium  is  a.very  rare  metal*  which  has  been 
but  imperfectly  examined,  but  it  probably  belongs  to  the  same  group. 

Class  V. — Pentad  Metals.  —  1.  Arsenic  and  antimony  form  trichlorides  and 
pentachlorides  analogous  to  those  of  phosphorus,  also  the  corresponding 
oxides.    Bismuth  forms  a  volatile  trichloride,  and  a  dichloride,  Bi,Cl4, 

BiCla 
or      I       .     Vanadium  was  formerly  supposed  to  belong  to  the  tungsten 

BiCI, 
group,  but  it  has  lately  been  shown  to  be  a  pentad.  Its  chlorides  are  not 
known,  but  it  forms  an  oxychloride,  VOClr  analogous  to  phosphorus  oxy- 
chtoride ;  also  the  oxides,  VsOt  aud  V,Oft,  analogous  to  those  of  phosphorus 
and  arsenic,  the  latter  yielding  a  series  of  salt*,  the  vanadates,  isomorphouB 
with  the  phosphates  and  arsenates  of  corresponding  composition. 

2.  Tantalum  and  niobium,  formerly  regarded  as  tetrads,  have  lately  been 
shown  by  Marignac  to  form  pentachlorides  and  pentoxides.  The  oxides  of 
the  pentad  metals  are,  for  the  most  part,  of  acid  character. 

Class  VL — Hexad  Metals.  —  1.  Chromium  form's  a  hexfluoride,  CrFg,  and 
a  corresponding  oxide,  CrOr  It  likewise  forms  two  series  of  compounds, 
in  which  it  exhibits  lower  degrees  of  equivalence,  viz.,  the  chromic  com- 
pounds analogous  to  the  ferric  compounds,  in  which  it  is  apparently  tri- 

Cr"'  CI, 
ralent,  but  really  quadrivalent ;  e.  g.,  chromic  chloride,  CrXL  or   I  , 

Cr'"Cl, 
and  the  chromous  compounds,  analogous  to  the  ferrous  compounds,  in  which 
ii  is  bivalent,  e.g.,  Cr"Clr  Cr"0. 

2.  Tungsten  forms  a  hexchloride,  WC1€,  and  the  corresponding  oxide, 
W0r  Molybdenum  is  not  known  to  form  a  chloride  higher  than  MoCl4,  but 
its  trioxide,  MoO$t  is  known ;  and  from  the  general  similarity  of  the  tung- 
sten and  molybdenum  compounds,  the  latter  metal  is  inferred  to  the  hexadic. 

The  metals  of  the  alkalies  and  alkaline  earths,  on  account  of  their  inferior 
specific  gravity,  are  often  called  light  metals ;  the  others,  heavy  metals. 


Metallic  Chlorides.  —  All  metals  combine  with  chlorine,  and  most  of  them 
in  several  proportions,  as  above  indicated,  forming  compounds  which  may 
he  regarded  as  derived  from  one  or  more  molecules  of  hydrochloric  acid, 
by  substitution  of  a  metal  for  an  equivalent  quantity  of  hydrogen ;  thus : 

From  HC1    are  derived  monochlorides  like  KC1 
"     H,Cla  "  dichlorides         "    Ba"Cl, 

"      H8C1,  "  trichlorides        "    AuCl$ 

"     H4C14  "  tetrachlorides    "    SnlTCl4,  Ac.  Ac 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides  in 
general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride,  or  com- 
mon salt,  occurs  in  enormous  quantities,  both  in  the  solid  state  as  rock-salt, 
*nd  dissolved  in  sea-water,  and  in  the  water  of  rivers  and  springs.  Po- 
tasinm  chloride  occurs  in  the  same  forms,  but  in  smaller  quantity ;  the 
chlorides  of  lithium,  csesium,  rubidium,  and  thallium  also  occur  in  small 
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quantities  in  certain  spring  waters.     Mereurous  chloride,  HgsClr  and  silver 
chloride,  AgCl,  occur  as  natural  minerals. 

1.  Chlorides  are  generally  prepared  bj  one  or  other  of  the  following 
processes:  1.  By  acting  upon  the  metal  with  chlorine  gas.  Antimony  pen- 
tacbloride  and  copper  diohloride  are  examples  of  chlorides  sometimes  pro- 
duced in  this  manner.  The  chlorides  of  gold  and  platinum  are  usually  pre- 
pared by  acting  upon  the  metals  with  nascent  chlorine,  developed  by  hydro- 
chloric and  nitric  acids.  Sometimes,  on  the  other  hand,  the  metal  is  in  a 
nascent  state,  as  when  titanic  chloride  is  formed  by  passing  a  current  of 
chlorine  over  a  heated  mixture  of  charcoal  and  titanic  oxide.  The  chlo- 
rides of  aluminium  and  chromium  may  be  obtained  by  similar  processes. 

2.  Chlorine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the  oxygen, 
and  unites  with  the  respective  metals  to  form  chlorides.  This  reaction 
sometimes  takes  place  at  ordinary  temperatures,  as  is  the  case  with  silver 
oxide;  sometimes  only  at  a  red  heat,  as  is  the  case  with  the  oxides  of  the 
alkalies  and  alkaline  earth-metals.  The  hydrates  and  carbonates  of  these 
last  metals,  when  dissolved  or  suspended  in  hot  water  and  treated  with  ex- 
cess of  chlorine,  are  converted,  chiefly  into  chlorides,  partly  into  chlorates. 

8.  Many  metallic  chlorides  are  prepared  by  acting  upon  the  metals  with 
hydrochloric  acid.  Zinc,  cadmium,  iron,  nickel,  cobalt,  and  tin  dissolve 
readily  in  hydrochloric  acid,  with  liberation  of  hydrogen ;  copper  only  in 
the  strong  boiling  acid;  silver,  mercury,  palladium,  platinum,  and  gold, 
not  at  all.  Sometimes  the  metal  is  substituted,  not  for  hydrogen,  but  for 
some  other  metal.  Stannous  chloride,  for  instance,  is  frequently  made  by 
distilling  metallic  tin  with  mercuric  chloride;  thus:  2HgCL-J-Sns=2SnCL 
+  Hg,. 

4.  By  dissolving  a  metallic  oxide,  hydrate,  or  carbonate  in  hydrochloric 
acid. 

All  monochlorides  and  diohlorides  are  soluble  in  water,  excepting  silver 
chloride,  AgCl,  and  mereurous  chloride,  HgaCL;  lead  chloride,  PbCl^  is 
sparingly  soluble ;  these  three  chlorides  are  easily  formed  by  precipitation. 
Many  metallic  chlorides  dissolve  also  in  alcohol  and  in  ether. 

Most  monochlorides,  dichlorides,  and  trichlorides  volatilize  at  high  tem- 
peratures without  decomposition :  the  higher  chlorides,  when  heated,  give 
off  part  of  their  chlorine.  Some  chlorides  which  resist  the  action  of  heat 
alone  are  decomposed  by  ignition  in  the  air,  yielding  metallic  oxides  and 
free  chlorine :  this  is  the  case  with  the  dichlorides  of  iron  and  manganese ; 
but  most  dichlorides  remain  un decomposed,  even  in  this  case.  All  metallic 
chlorides,  excepting  those  of  the  alkali-metals  and  earth-metals,  are  de- 
composed at  a  red  heat  by  hydrogen  gas,  with  formation  of  hydrochloric 
acid :  in  this  way,  metallic  iron  may  be  obtained  in  fine  cubical  crystals. 
Silver  chloride  placed  in  contact  with  metallic  zinc  or  iron,  under  dilute  sul- 

Shuric  or  hydrochloric  acid,  is  reduced  to  the  metallic  state  by  the  nascent 
ydrogen. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  most  metallic 
chlorides,  sometimes  at  ordinary,  sometimes  at  higher  temperatures.  All 
metallic  chlorides,  heated  with  lead  dioxide  or  manganese  dioxide  and  sul- 
phuric acid,  give  off  chlorine,  e.  g. : 

2NaCl  +   MnO,  +  2S04H,  =   S04Na,  +   S04Mn   +  20H,  +  Ci, 
Sodium        Manganese       Sulphuric  Sodium  Mangnnoua 

chloride.         dioxide.  acid.  sulphate,  sulphate. 

Chlorides  distilled  with  sulphuric  acid  and  potassium  chromate,  yield  a 
dark  bluish-red  distillate  of  chromic  oxychloride.  Some  metallic  chlorides 
are  decomposed  by  water,  forming  hydrochloric  acid  and  an  oxychloride, 
s.  g. :  BiCl,  -f  OH,  =  2HC1  +  BiClO.     The  chlorides  of  antimony  and 
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stannous  chloride  are  decomposed  in  a  similar  manner.  All  soluble  chlo- 
rides give  with  solution  of  silver  nitrate,  a  white  precipitate  of  silver  chlo- 
ride, easily  soluble  in  ammonia,  insoluble  in  nitric  acid.  With  mercurous 
nitrate,  they  yield  a  white  curdy  precipitate  of  mercurous  chloride,  black- 
ened by  ammonia ;  and  with  lead-salts,  not  too  dilute,  a  white  crystalline 
precipitate  of  lead  chloride,  soluble  in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of  the 
non-metallic  elements,  forming  such  compounds  as  potassium  chloroinercu- 
rate,  2KCl.HgClr  sodium  chloroplatinate,  2NaCl.PtCI4.  potassium  chlorio- 
date,  KClJClg,  &c  Metallic  chlorides  combine  in  definite  proportions  with 
ammonia  and  organic  bases ;  the  chlorides  of  platinum  form  with  ammonia 
the  compounds  2NHf.PtCl„  4NH8.PtCla,  2NH$.PtCl4,  and  4NH$.PtCl<;  mer- 
curic chloride  forms  with  aniline  the  compound  2C€HTX.HgClr  &c. 

Chlorides  also  unite  with  oxides  and  sulphides,  forming  oxychlorides  and 
oxysuipkide*,  which  may  be  regarded  as  chlorides  having  part  of  their  chlo- 
rine replaced  by  an  equivalent  quantity  of  oxygen  or  sulphur  (CI,  by  0  or  S). 
Bismuth,  for  example,  forms  an  oxychloride  having  the  composition  Bi///C10 
or  BiCVBi/V 

Brmaides. —  Bromine  unites  directly  with  most  metals,  forming  com- 
pounds analogous  in  composition  to  the  chlorides,  and  resembling  them  in 
most  of  their  properties.  The  bromides  of  the  alkali-metals  occur  in  sea- 
water  and  in  many  saline  springs;  silver  bromide  occurs  as  a  natural 
mineral  Nearly  all  bromides  are  Boluble  in  water,  and  may  be  formed  by 
treating  an  oxide,  hydrate,  or  carbonate,  with  hydrobromic  acid,  the  solu- 
tions when  evaporated  giving  off  water  for  the  most  part,  and  leaving  a 
solid  metallic  bromide ;  some  of  them,  however,  namely,  the  bromides  of 
magnesium,  aluminium,  and  the  other  earth-metals,  are  more  or  less 
decomposed  by  evaporation,  giving  off  hydrobromic  acid,  and  leaving  a 
mixture  of  metallic  bromide  and  oxide.  Silver  bromide  and  mercurous 
bromide  are  insoluble  in  water,  and  lead  bromide  is  very  sparingly  soluble ; 
these  are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temperatures ;  most  of  them  fuse 
at  a  moderate  heat,  and  volatilize  at  higher  temperatures.  The  bromides 
of  gold  and  platinum  are  decomposed  by  mere  exposure  to  heat;  many 
others  give  up  their  bromine  when  heated  in  contact  with  the  air.  Chlo- 
ria?,  with  the  aid  of  heat,  drives  out  the  bromine  and  converts  them  into 
chloride*.  Hydrochloric  acid  also  decomposes  them  at  a  red  heat,  giving  off 
hydrobromic  acid.  Strong  sulphuric  or  nitric  acid  decomposes  them,  with 
CTohtion  of  hydrobromic  acid,  which,  if  the  sulphuric  or  nitric  acid  is  con- 
centrated and  in  excess,  is  partly  decomposed,  with  separation  of  bromine 
ind  formation  of  sulphurous  oxide  or  nitrogen  dioxide.  Bromides  heated 
with  sulphuric  acid  and  manganese  dioxide  or  potassium  chromate,  give  off  free 
bromine. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in  the 
form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or  reddish- 
jellow  color,  according  to  the  quantity  of  bromine  present ;  and  on  agitat- 
ing the  liquid  with  ether,  that  liquid  dissolves  the  bromine,  forming  a  red 
•olation,  which  rises  to  the  surface. 

Soluble  bromides  give  with  silver  nitrate  a  white  precipitate  of  silver 
bromide,  greatly  resembling  the  chloride,  but  much  less  soluble  in  am- 
monia, insoluble  in  hot  nitric  acid.  Mercurous  nitrate  produces  a  yellowish- 
white  precipitate ;  and  lead  acetate,  a  white  precipitate  much  less  soluble 
u  water  than  the  chloride.  Palladium  nitrate  produces  in  solutions  of 
bromides  not  containing  chlorine,  a  black  precipitate  of  bromide.  Pal- 
ladium chloride  produces  no  precipitate;  neither  does  the  nitrate,  if 
ulabb  chlorides  are  present. 
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Bromides  unite  with  each  other  in  the  same  manner  as  chlorides ;  also 
with  oxides,  sulphides,  and  ammonia. 

Iodides. — These  compounds  are  obtained  by  processes  similar  to  those 
which  yield  the  chlorides  and  bromides.  Many  metals  unite  directly  with 
iodine.  Potassium  and  sodium  iodides  exist  in  sea-water  and  in  many  salt 
springs:  silver  iodide  occurs  as  a  natural  mineral. 

Metallic  iodides  are  analogous  to  the  bromides  and  chlorides  in  compo- 
sition and  properties.  But  few  of  them  are  decomposed  by  heat  alone ; 
the  iodides  of  gold,  silver,  platinum,  and  palladium,  however,  give  up  their 
iodine  when  heated. 

Most  metallic  iodides  are  perfectly  soluble  in  water;  but  lead  iodide  is 
very  slightly  soluble,  and  the  iodides  of  mercury  and  silver  are  quite  in- 
soluble. 

Solutions  of  iodides  evaporated  out  of  contaot  of  air,  generally  leave 
anhydrous  metallic  iodides,  which  partly  separate  in  the  crystalline  form 
before  the  water  is  wholly  driven  off.  The  iodides  of  the  earth-metals, 
however,  are  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydri- 
odic  acid,  which  escapes.  A  very  small  quantity  of  chlorine  colors  the 
solution  yellow  or  brown,  by  partial  decompopition ;  and  a  somewhat 
larger  quantity  takes  up  the  whole  of  the  metal,  forming  a  chloride,  and 
separates  the  iodine,  which  then  gives  a  blue  color  with  starch;  a  still 
larger  quantity  of  chlorine  gives  the  liquid  a  paler  color,  and  converts  the 
separated  iodine  into  trichloride  of  iodine,  which  does  not  give  a  blue 
color  with  starch,  and  frequently  enters  into  combination  with  the  metallic 
chloride  produced.  Strong  sulphuric  acid  and  somewhat  concentrated  nitric 
acid  color  the  solution  yellow  or  brown ;  and  if  the  quantity  of  the  iodide 
is  large,  and  the  solution  much  concentrated  or  heated,  they  liberate  iodine, 
which  partly  escapes  in  violet  vapors.  Starch  mixed  with  the  solution, 
even  if  it  be  very  dilute,  is  turned  blue  —  permanently,  when  the  decom- 
position is  effected  by  sulphuric  acid ;  for  a  time  only  when  it  is  effected 
by  nitric  acid,  especially  if  that  acid  be  added  in  large  quantity. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  aalts 
of  bismuth;  orange-yellow  with  lead-salts;  dirty- white  with  cuprous  salts, 
and  also  with  cupric  salts,  especially  on  the  addition  of  sulphurous  acid ; 
greenish-yellow  with  mercurous  salts;  scarlet  with  mercuric  salts;  yellowish- 
white  with  silver  salts;  lemon-yellow  with  gold  salts;  brown  with  platinic 
salts  —  first,  however,  turning  the  liquid  dark  brown-red;  and  black  with 
salts  of  palladium,  even  when  extremely  dilute.  All  these  precipitates 
consist  of  metallic  iodides,  many  of  them  soluble  in  excess  of  the  soluble 
iodide :  the  silver  precipitate  is  insoluble  in  nitric  acid  and  very  little  sol- 
uble in  ammonia. 

Metallic  iodides  unite  with  one  another,  forming  double  iodides,  analogous 
to  the  double  chlorides ;  they  also  absorb  ammonia  gas  in  definite  propor- 
tions. Some  of  them,  as  those  of  antimony  and  tellurium,  unite  with  the 
oxides  of  the  corresponding  metals,  forming  oxyiodides. 

Fluorides. — These  compounds  are  formed:  1.  By  heating  hydrofluoric 
acid  with  certain  metals. — 2.  By  the  action  of  that  acid  on  metallic  ox- 
ides.—  8.  By  heating  electro-negative  metals — antimony,  for  example  — 
with  fluoride  of  lead  or  fluoride  of  mercury.  —  4.  Volatile  metallic  fluorides 
may  be  prepared  by  heating  fluor-spar  with  sulphuric  acid  and  the  oxide 
of  the  metal. 

Fluorides  have  no  metallic  lustre ;  most  of  them  are  easily  fusible,  and 
for  the  most  part  resemble  the  chlorides.  They  are  not  decomposed  by 
ignition,  either  alone  or  when  mixed  with  charcoal.  When  ignited  in  contact 
with  the  air,  in  a  flame  which  contains  aqueous  vapor,  many  of  them  are 
converted  into  oxides,  while  the  fluorine  is  riven  off  as  hydrofluoric  acid. 
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contain  silica,  dissolves  with  diff 

is  re-precipitated  by  ammonia. 

precipitate  with  lead  acetate. 

The  fluorides  of  antimony,  a 
mium,  tantalum,  tin,  titanium, 
decomposition. 

Fluorine  has  a  great  tendency 
ride  of  a  basic  or  positive  met 
boron,  silicon,  tin,  titanium,  lire 

Potassium  hydrofluoride 
Potassium  borofluoride 
Potassium  silicofluoride 
Potassium  titanofluoride  . 
Potassium  stannofluoride 
Potassium  zircofluoride    . 

The  four  classes  of  compounc 
iodides,  and  fluorides,  form  a  grc 
haloid*  §aluf  from  their  analogy 
be  regarded  as  a  type  of  them  all 
aad  fluorine,  are  called  halogens. 

Cranid**. — Closely  related  to 

farmed  by  the  union  of  metals  \ 

Bumatomic  radical  derived  from  t 

aaie  acid),  by  abstraction  of  H. ; 

chlorides  having  the  element  CI  i 

Some  metals  —  potassium  ainonj 

by  heating  them  in  cyanogen  ga 
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tag  cyanogen  gas  oyer  the  heated  1 

potassium  cyanide  also,  by  pass  in 
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formed  abundantly  when  nitroge 

f  xed  alkali.     Other  modes  of  fori 

The  cyanides  of  the  alkali-meta 

Beshua,  and  mercury,  are  soluble 

nig  the  corresponding  oxides  or 

all  other  metallic  cyanides  are  ini 

from  the  soluble  cyanides. 

The  cyanides  of  the  alkali-me 
tion,  provided  air  and  moisture  b 

•  Fn 
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heavy  metals,  as  lead,  iron,  cobalt,  nickel,  and  copper,  under  these  circum- 
stances, give  off  all  their  nitrogen  as  gas,  and  leave  a  metallic  carbonate; 
mercuric  cyanide  is  resolved  into  mercury  and  cyanogen  gas;  silver  cyanide 
gives  off  half  its  cyanogen  as  gas.  Most  cyanides,  when  heated  with  dilute 
acids,  give  off  their  cyanogen  as  hydrocyanic  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another,  forming 
double  cyanide*.  The  most  important  of  these  are  the  double  cyanides  of 
iron  and  potassium,  namely,  poiaeeia-ferrwu  cyanide  Fe^K^CN^,  commonly 
called  yellow  prussiate  of  potash ;  and  potassio-fcrrie  cyanide,  Fe'"Kf  (CN  ^ 
commonly  called  red  prussiate  of  potash.  Both  these  are  splendidly  crys- 
talline salts,  which  dissolve  easily  in  water,  and  form  highly  characteristic 
precipitates  with  many  metallic  salts.  These  salts,  with  the  other  cyanides, 
will  be  more  fully  described  under  "  Organic  Chemistry ; "  but  they  are 
mentioned  here,  on  account  of  their  frequent  use  in  the  qualitative  analysis 
of  metallic  solutions. 

Oxides. — All  metals  combine  with  oxygen,  and  most  of  them  in  several 
proportions.  In  almost  all  cases  oxides  are  formed  corresponding  in  com- 
position to  the  chlorides,  one  atom  of  oxygen  taking  the  place  of  two  atoms 
of  chlorine.  Many  metals  also  form  oxides  to  which  no  chlorine  analogues 
are  known ;  thus,  lead,  which  forms  only  one  chloride,  PbClr  forms,  in 
addition  to  the  monoxide,  PbO,  a  dioxide,  PbOr  besides  oxides  of  interme- 
diate composition;  osmium  also,  the  highest  chloride  of  which  is  OsClj, 
forms,  in  addition  to  the  dioxide,  a  trioxide  and  a  tetroxide.  This  arises 
from  the  fact  that  any  number  of  atoms  of  oxygen  or  other  dyad  element 
may  enter  into  a  compound  without  disturbing  the  balance  of  equivalency 
(p.  236). 

Just  as  chlorides  are  derived  by  substitution  from  hydrochloric  acid,  HCl 
(p.  804),  so  likewise  may  oxides  be  derived  from  one  or  more  molecules  of 
water,  H,0;  but  as  the  molecule,  of  water  contains  two  hydrogen-atoms,  the 
replacement  of  the  hydrogen  may,  as  already  explained  (p.  228),  be  either 
total  or  partial,  the  product  in  the  first  case  being  an  anhydrous  metallic 
oxide,  and  in  the  second  a  bydrated  oxide  or  hydrate,  in  which  the  oxygen 
is  associated  both  with  hydrogen  and  with  metal ;  in  this  manner  the  fol- 
lowing hydrates  and  anhydrous  oxides  may  be  constituted : 

Hydrates.  Oxldo. 

.     KHO    ....     K,0 
Ba"0 
H40.       .  Ba"HsOt.        .        .        Sn^O, 

Bi'"HOa 
HfOB  .        .        .     As'HO,  .        .     8b"' O, 

8n«*H,08  .        .  W*0. 

H,04        .        .        Zr»*H404  .        .     Os*«04 

H10O5 SbVV 

It  may  be  observed  that  the  hydrates  of  artiad  metals  contain  the  ele- 
ments of  a  molecule  of  the  corresponding  anhydrous  oxide,  and  of  one  or 
more  molecules  of  water;  thus: 

Barium  hydrate       .        .        .        .        Ba"H20,  =  Ba"O.HtO 
Stannic  hydrate  ....     SnwHaO$  •=  Sn»*OrH,0 

Zirconium  hydrate  ....        Zr»»H404  =  ZrlTOr2HaO. 

But  the  hydrate  of  a  perissad  metal  contains  in  its  molecule  only  half  the 
number  of  atoms  required  to  make  up  a  molecule  of  oxide  together  with  a 
molecule  of  water;  thus: 


h£\ 


Potassium  hydrate  .         .         .     KHO 

Bismuth  hydrate        ,         .         .         Bi'"HO, 
Arsenie  hydrate     .  Ab'HO, 


=  *  (K.O.H.O) 
O,  =  |  (Bi"'.O..fi LO) 
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These  perissad  hydrates  cannot,  therefore,  be  correctly  regarded  as  com- 
pounds of  anhydrous  oxide  and  water. 

Many  metallic  oxides  occur  as  natural  minerals,  and  some,  especially 
those  of  iron,  tin,  and  copper,  in  large  quantities,  forming  ores  from  which 
the  metals  are  extracted. 

All  metals,  except  gold,  platinum,  iridium,  rhodium,  and  ruthenium,  are 
capable  of  uniting  directly  with  oxygen.  Some,  as  potassium,  sodium,  and 
barium,  oxidiie  rapidly  on  exposure  to  the  air  at  ordinary  temperatures, 
and  decompose  water  with  energy.  Most  metals,  however,  when  in  the 
massive  state,  remain  perfectly  bright  and  unacted  on  in  dry  air  or  oxygen 
gas,  but  oxidise  slowly  when  moisture  is  present ;  such  is  the  case  with 
iron,  zinc,  and  lead.  Some  of  the  ordinarily  permanent  metals,  when  in  a 
very  finely  divided  state,  as  lead  when  obtained  by  ignition  of  its  tartrate, 
and  iron  reduced  from  its  oxide  by  ignition  iu  hydrogen  gas,  take  fire  and 
oxidize  spontaneously  as  soon  as  they  come  in  contact  with  the  air.  Lead, 
iron,  copper,  and  the  volatile  metals,  arsenic,  antimony,  zinc,  cadmium, 
and  mercury,  are  converted  into  oxides  when  heated  in  air  or  oxygen. 
Many  metals,  especially  at  a  red  heat,  are  readily  oxidized  by  water  or 
steam.  A  very  general  method  of  preparing  metallic  oxides  is  to  subject 
the  corresponding  hydrates,  carbonates,  nitrates,  sulphates,  or  any  oxygen- 
salts  containing  volatile  acids,  to  the  action  of  bent. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of  metallic 
lustre.  The  majority  of  them  are  fusible ;  those  of  lead  and  bismuth  at  a 
low  red  heat;  those  of  copper  and  iron  at  a  white  heat;  those  of  barium 
aad  aluminium  before  the  oxy-hydrogen  blowpipe ;  while  calcium  oxide 
(lime)  does  not  fuse  at  any  temperature  to  which  it  has  yet  been  subjected. 
Oxides  are,  for  the  most  part,  much  less  fusible  than  the  uncoinbined 
metals.  Osmium  tetroxide,  and  the  trioxides  of  arsenic  and  antimony, 
are  readily  volatile. 

A  greater  or  less  degree  of  heat  vffeots  the  decomposition  of  many  me- 
tallic oxides.  Those  of  gold,  platinum,  silver,  and  mercury  are  reduced 
to  the  metallic  or  reguline  state  by  an  incipient  red  heat.  At  n  somewhat 
higher  temperature,  the  higher  oxides  of  barium,  cobalt,  nickel,  and  lead 
are  reduced  to  the  state  of  monoxides ;  while  the  tri-metallic  tetroxides  of 
manganese  and  iron,  Mn.04  and  Fes04,  are  produced  by  exposing  manga- 
nese dioxide,  MnOr  and  iron  sesquioxide,  Fe,Os,  respectively  to  a  still 
stronger  heat.  By  gentle  ignition,  arsenic  pentoxide  is  reduced  to  the 
state  of  trioxide,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower  state  of 
oxidation  by  treatment  with  a  current  of  hydrogen  gas  at  a  more  or  less 
elevated  temperature.  At  a  higher  degree  of  heat,  hydrogen  gas  will  trans- 
form to  the  reguline  state  all  metallic  oxides  except  the  sesquioxides  of 
aluminium  and  chromium,  and  the  monoxides  of  manganese,  magnesium, 
barium,  strontium,  calcium,  lithium,  sodium,  and  potassium.  The  temper- 
ature necessary  to  enable  hydrogen  to  effect  the  decomposition  of  some 
oxides  is  comparatively  low.  Thus  even  metallic  iron  may  be  reduced 
from  its  oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness,  so 
as  to  form  an  iron  pyrophorus.  Carbon,  at  a  red  or  white  heat,  is  a  still 
more  powerful  deoxidating  agent  than  hydrogen,  and  seems  to  be  capable 
of  completely  reducing  all  metallic  oxides  whatsoever.  The  oxidizable 
metals  in  general  act  as  reducing  agents. 

Chlorine  decomposes  all  metallic  oxides,  except  those  of  the  earth-metals, 
converting  them  into  chlorides,  and  expelling  the  oxygen.  With  silver 
oxide  this  reaction  takes  place  at  ordinary  temperatures ;  with  the  alkalies 
and  alkaline  earths,  at  a  full  red  heat.  Sulphur,  at  high  temperatures,  can 
decompose  most  metallic  oxides.  With  many  oxides,  those  of  silver,  mer- 
cury, lead,  and  copper,  for  instance,  metallic  sulphides  and  sulphur  diox- 
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ide  are  produced.  With  the  highly  basylous  oxides,  the  product*  are  me- 
tallic sulphate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  these  the  principal  are  magnesia,  alumina,  chromic, 
stannic,  and  titanic  oxides.  By  boiling  sulphur  with  soluble  hydrates, 
mixtures  of  polysulphide  and  hyposulphite  are  produced.  With  the  ex- 
ception of  magnesia,  alumina,  and  chromic  oxide,  most  metallic  oxides  can 
absorb  sulphuretted  hydrogen,  to  form  metallic  sulphide  or  sulph-hydrate, 
and  water. 

Oxygen-salts,  or  Oxysalts.  —  It  has  been  already  explained  in  the  chapter 
on  Oxygen  (p.  183),  that  oxides  may  be  divided  into  three  classes,  acid,  neu- 
tral, and  batic;  the  first  and  third  being  capable  of  uniting  with  one  another 
in  definite  proportions,  and  forming  compounds  called  salt*.  The  most 
characteristic  of  the  acid  oxides  are  those  of  certain  metalloids,  as  nitrogen, 
sulphur,  and  phosphorus,  which  unite  readily  with  water  or  the  elements 
of  water,  forming  compounds  called  oxygen-acids,  distinguished  by  Four 
taste,  solubility  in  water,  and  the  power  of  reddening  certain  vegetable 
blue  colors.  The  most  characteristic  of  the  basic  oxides,  on  the  other 
hand,  are  those  of  the  alkali-metals  and  alkaline  earth-metals  (p.  271), 
which  likewise  dissolve  in  water,  but  form  alkaline  solutions,  possessing  in 
an  eminent  degree  the  power  of  neutralizing  acids  and  forming  salts  with 
them.  The  same  power  is  exhibited  more  or  less  by  the  monoxides  of  most 
other  metals,  as  sino,  iron,  copper,  manganese,  Ac,  and  by  the  sesquioxides 
of  aluminium,  iron,  chromium,  and  others.  The  higher  oxides  of  several 
of  these  metals  —  the  trioxide  of  chromium,  for  example  —  exhibit  acid 
characters,  being  capable  of  forming  salts  with  the  more  basic  oxides ;  and 
some  metals,  as  arsenic,  antimony,  niobium,  and  tantalum,  form  only  acid 
oxides. 

In  some  cases  salts  are  formed  by  the  direct  combination  of  an  acid  and 
a  basic  oxide.  Thus,  when  vapor  of  sulphuric  oxide,  SO,,  is  passed  over 
red-hot  barium  oxide,  BaO,  the  two  combine  together  and  form  barium- 
sulphate,  SO,.BaO  or  S04Ba.  Silicic  oxide,  SiOr  phosphoric  oxide,  P,Os, 
arsenic  oxide,  As,0(,  borio  oxide,  B,Or  and  other  acid  oxides  capable  of 
withstanding  a  high  temperature  without  decomposing  or  volatilising,  like- 
wise unite  with  basic  oxides  when  heated  with  them,  and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  formed  by  substitution  or 
interchange  of  a  metal  for  hydrogen,  or  of  one  metal  for  another.  It  is 
clear,  indeed,  that  any  metallic  salt  fiinc-sulphate,  SOrZnO,  for  example) 
may  be  derived  from  the  corresponding  acid  or  hydrogen-salt  (S0rH,O) 
by  substitution  of  a  metal  for  an  equivalent  quantity  of  hydrogen.  Ac- 
cordingly, metallio  salts  are  frequently  produced  by  the  action  of  an  acid 
on  a  metal,  or  a  metallio  oxide  or  hydrate,  thus : 

(1)  804H,        +        Zn"        =        S04Zn"        +        Hr 
Hydrogen  sulphate.  Zinc  sulphate. 

(2)  2NOtH        +        OAg,      =        2NO,Ag         +        OH, 
Hydrogen  nitrate.  811ver  oxide.  Silver  nitrate.  Water. 

(8)  NO,H        +        OKH       =  NO,K  +        OH, 

Hydrogen  nitrate.     Potassium  hydrate.     Potassium  nitrate.  Water. 

In  the  instances  represented  by  these  equations,  the  metallic  salts  formed 
are  soluble  in  water.  Insoluble  salts  are  frequently  prepared  by  inter- 
change of  the  metals  between  two  soluble  salts ;  thus : 

(4)      (NO,)tBa"      +      S04Na,     =      S04Ba"      +      2NOtNa 
Barium  nitrate.  Sodium  sulphate.    Barium  sulphate.        Sodium  nitrate. 

In  this  case  the  barium  sulphate,  being  insoluble,  is  precipiated,  while  the 
sodium  nitrate  remains  in  solution. 
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In  all  these  reactions,  hydrochloric  acid,  or  a  metallic  chloride,  might  be 
substituted  for  the  oxygen-acid  or  oxygen-salt  without  the  slightest  altera- 
tion in  the  mode  of  action,  the  product  formed  in  each  case  being  a  chloride 
instead  of  a  nitrate  or  sulpate ;  thus : 

Zn"  =  ZnCl,  -f           H. 

OAg,  =  2AgCI  +  OH, 

OKH  =  KC1  +  OH. 

NaCl  =  AgCl  +  NO,Na. 

From  all  these  considerations  it  appears  that  oxygen-salts  may  be  re- 
garded, either  as  compounds  of  acid  oxides  with  basic  oxides,  or  as  ana- 
logous in  composition  to  chlorides,  —  that  is  to  say,  as  compounds  of  a 
mital  with  a  radical  or  group  of  elements,  such  as  NO,  (nitrione)  in  the  ni- 
trates, S04  {sulphione)  in  the  sulphates,  discharging  functions  similar  to 
those  of  chlorine,  and  capable,  like  that  element,  of  passing  unchanged 
from  one  compound  to  another. 

For  many  years,  indeed,  it  was  a  subject  of  discussion  among  chemists 
whether  the  former  or  the  latter  of  these  riews  should  be  regarded  as  re- 
presenting the  actual  constitution  of  oxygen-salts.  Berzclius  divided  salts 
into  two  classes:  (1).  Haloid  salts,  comprising,  as  already  mentioned,  the 
chlorides,  bromides,  iodides,  and  fluorides,  which  are  compounds  of  a  metal 
with  a  monad  metallic  element.  (2).  Amp  hid  salts,  consisting  of  an  acid  or 
electro-negative  oxide,  sulphide,  selenide,  or  telluride,  with  a  basic  or 
electro-positive  compound  of  the  same  kind ;  such  as  potassium  arsenate, 
P,Os.30K^  potassium  sulpharsenate,  PaSft.3SK,;  potassium  seleniophosphate, 
PjSe^SeK,,  &c. 

Davy,  on  the  other  hand,  observing  the  close  analogy  between  the  reac- 
tions of  chlorides,  on  the  one  hand,  and  of  oxygen-salts,  such  as  sulphates, 
nitrates,  &c,  on  the  other,  suggested  that  the  latter  might  be  regarded, 
like  the  former,  as  compounds  of  metals  with  acid  or  electro-negative  radi- 
cals, the  only  difference  being,  that  in  the  former  the  acid-radical  is  an 
elementary  body,  CI,  Br,  &c4  whereas  in  the  former  it  is  a  compound,  as 
SOr  NO,.  P04,  &c.  This  was  called  the  binary  theory  of  salts;  it  was  sup- 
ported by  many  ingenious  arguments  by  its  proposer  and  several  contem- 
porary chemists ;  in  later  years  also  by  Liebig,  and  by  Daniell  and  Miller, 
who  observed  that  the  mode  of  decomposition  of  salts  by  the  electric 
current  is  more  easily  represented  by  this  theory  than  by  the  older  one 

(P.  M7). 

At  the  present  day,  the  relative  merits  of  these  two  theories  are  not  re- 
garded as  a  point  of  very  great  Importance.  Chemists,  in  fact,  no  longer 
attempt  to  construct  formulae  which  shall  represent  the  actual  arrangements 
of  atoms  in  a  compound,  the  formulae  now  in  use  being  rather  intended  to 
exhibit,  first,  the  balance  or  neutralization  of  the  units  of  equivalency  or 
atomicity  of  the  several  elements  contained  in  a  compound  (p.  281);  and, 
secondly,  the  manner  in  which  any  compound  or  group  of  atoms  splits  up 
into  subordinate  groups  under  the  influence  of  different  reagents.  Accord- 
ing to  the  latter  view,  a  compound  containing  three  or  more  elementary 
atoms  may  be  represented  by  different  formulas  corresponding  to  the 
several  ways  in  which  it  decomposes.  Thus  hydrogen  sulphate  or  sul- 
phuric acid,  S04Hr  may  be  represented  by  either  of  the  following  formu- 
la:— 

(1.)  S04.H8,  which  represents  the  separation  of  hydrogen  and  formation 
of  a  metallic  sulphate  by  the  action  of  zinc,  &o. :  this  is  the  formula  cor- 
responding to  the  binary  theory  of  salts. 

(2.)  SOrOHr  This  formula  represents  the  formation  of  the  acid  by 
direct  hydration  of  sulphuric  oxide ;  the  separation  of  water  and  formation 
24* 
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of  a  metallic  sulphate  by  the  action  of  magnesia  and  other  anhydrous 
oxides ;  and  the  separation  of  sulphuric  oxide  and  formation  of  phosphoric 
moid  by  the  action  of  phosphoric  oxide : 

SO,.OH,  +   MgO  =  8<VMgO   +  OH. 
80,011,  +   P,0§    =  P^.OH,   -f   SOr 

(8.)  SOrOtHy  or  80,(OH)P  This  formula  represents  such  reactions  as 
the  elimination  of  hydrogen  dioxide  by  the  action  of  barium  dioxide,  BaOr 

(4.)  SH,  Oj.  This  formula  represents  the  formation  of  sulphuric  acid  by 
dircot  oxidation  of  hydrogen  sulphide  SH,,  and  the  elimination  of  the  latter 
by  the  action  of  ferrous  sulphide : 

SHr04  +  FeS  =  S04Fe  +  SHr 

Formula  of  the  third  of  these  types,  like  SO^(OH)-  which  represent 
oxygen-acids  as  compounds  of  hydroxyl  with  certain  acid  radicals,  as  SO," 
(sulphuryl),  CO"  (carbonyl),  PO'"  (phosphoryl),  Ac,  correspond  to  a 
great  variety  of  reactions,  and  are  of  very  frequent  use.  They  exhibit  in 
particular  the  relation  of  the  oxygen-acids  (hydroxylates)  to  the  corres- 
ponding chlorides,  t.  g. : 

(SO.)"(OH)t  (SO,)"Cl, 

Sulphuric  acid.  Sulphuric  chloride. 

(PO)"'(OH),  (PO)"'Clt 

Phosphoric  acid.  Phosphoric  chloride. 

Basicity  of  Acid:  Normal,  Acid  and  Double  Salt*.  —  Acids  are  monobasic, 
bibasic,  tribasio,  Ac,  according  as  they  contain  one  or  more  atoms  of  hydro- 
gen reptaceable  by  metals;  thus  nitrio  acid,  NOaH,  and  hydrochloric  acid, 
C1H,  are  monobasic;  sulphuric  acid,  S04Hg,  is  bibasic;  phosphoric  acid, 
P04Hr  is  tribasio. 

Monobasic  acids  form  but  one  class  of  salts  by  substitution,  the  metal 
taking  the  place  of  the  hydrogen  in  one,  two,  or  three  molecules  of  the 
acid,  according  to  its  equivalent  value  or  atomicity;  thus  the  action  of 
hydrochloric  acid  on  sodium,  lino,  and  aluminum  is  represented  by  the  equa- 
tions: 

C1H  +  Na  =  CINa  +  H, 
2CIH  -f-  Zn"  =  Cl,Zn"  -f  Ht 
8C1H  -f-  Al"'  =  CljAl"'  +  H* 

and  that  of  nitrio  acid  on  the  hydrates  of  the  same  metals  by  the  equations : 

NO.H  +  Na(HO)     =  NO.Na  +    H(HO) 

2NO.H  4.  Ba"(HO),  =  (NO,),Ba"  +  2H(HO) 
3NO,rI  4-  Al'"(HO)a  =  (NOa),Al'"  4-  8H(HO). 

Bibasic  acids,  on  the  other  hand,  form  two  classes  of  salts,  vii.  mono- 
metallic or  acid  salts,  in  which  half  the  hydrogen  is  replaced  by  a  metal ; 
and  bimetallic  salts,  in  which  the  whole  of  the  hydrogen  is  thus  replaced, 
the  salt  being  called  normal  or  neutral  if  it  contains  one  metal,  and  double  if 
it  contains  two  metals ;  thus : 

«  „,v  „    .     ,    .     •«  a^  wtt  f  hydro-potassic  or  acid  potassium 

From    S04H,  is  derived  S04KH  |     rolphate. 

a/x  -r  J  bipotassio  or  normal  potassium 

"        S0«K«  \     sulphate. 
«          <c                 «       S04Ba"  barium  sulphate. 

"    2S04H.  "      (S04i,K,Na  sodio-tripotassic  sulphate. 

«  <«  i«      (S04)jAl///K         potassio-aluminic  sulphate. 

"    8S04H,  "      (S04)fAl//r,  normal  aluminium  sulphate* 
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Tribasic  acids  in  like  manner  form  two  classes  of  acid  salts,  mono-metallic 
or  temetaUiCy  according  as  one  third  or  two  thirds  of  the  hydrogen  is  replaeed 
by  a  metal;  also  normal  and  double  or  triple  salts,  in  which  the  hydrogen  is 
wholly  replaced  by  one  or  more  metals;  in  qaadribasic  adds  the  variety  is 
of  coarse  still  greater. 

The  use  of  the  terminations  out  and  tie,  as  applied  to  salts,  has  already 
been  explained.  We  hare  only  further  to  observe  in  this  place  that  when 
a  metal  forms  but  one  class  of  salts,  it  is  for  the  most  part  better  to  desig- 
nate those  salts  by  the  name  of  the  metal  itself  than  by  an  adjective  ending 
in  ie  ;  thus  potassium  nitrate,  and  lead  sulphate  are  mostly  to  be  preferred  to 
potassk  nitrate  and  plumbic  sulphate.  But  in  naming  doable  salts,  and  in 
many  cases  where  a  numeral  prefix  is  required,  the  names  ending  in  ic  are 
more  euphonious;  thus  triplumbic  phosphate  sounds  better  than  trtleadphos- 
phate,  and  hgdrodisodtc  phosphate  is  certainly  better  than  hydrogen  and  duo- 
dm  phosphate;  but  there  is  no  occasion  for  a  rigid  adherence  to  either 
system. 

All  oxygen-salts  may  also  be  represented  as  compounds  of  an  acid  oxide 
with  one  or  more  molecules  of  the  same  or  different  basic  oxides,  including 
water,  e.  g. : 

Hydro-potassic  sulphate  2S04KH       ass  2SOs  K.0.H.0 

8odio-tripotassic  sulphate       2(S04),KH     a  4SO.  3K,O.Na.O 
Potassio-aluminic  sulphate  2(S04)1Al'"K  =  4SOa.AK",0,.KaO 
Hydrodisodic  phosphate  2PG4Na2H     =  FtOft.tNa,O.H,0. 

When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see  that  the 
number  of  molecules  of  acid  oxide  contained  in  its  molecule  is  equal  to  the 
number  of  oxygen-atoms  in  the  base ;  thus : 

Normal  potassium  sulphate    S04K1  =    SO,  K,0 

"      barium  sulphate  S04Ba  -=    SOrBaO 

"      stannic  sulphate        (S04)tSn"  =  2SOISn01 

"      aluminium  sulphate  (S04)f  Al'",  =  8SOf  Al,Or 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is  called 
bask;  such  salts  may  be  regarded  as  compounds  of  a  normal  salt  with  one 
or  more  molecules  of  basic  oxide,  or  as  derived  from  normal  salts  by  sub- 
stitution of  oxygen  for  an  equivalent  quantity  of  the  acid  radical ;  thus : 

Tribasic  lead  nitrate    .     N2Os.3Pb"0       =  (NO.).Pb"  2Pb"0 

=  Pb'^NO,)/)", 

^Jna^  -  (S04)$A1-  8A1-0. 

=  Al"'8(S04)"aO'V 

The  last  mode  of  formulation  exhibits  the  analogy  of  these  basic  oxysalts 
to  the  oxychlorides,  oxyodides,  &c. ;  thus  the  basic  lead  nitrate,  Pb9(NOs)20r 
just  mentioned,  is  analogous  to  the  oxychloride  of  that  metal,  PbsCl2Or 
which  occurs  native  as  mendipite. 

The  term  basic  and  acid  are  sometimes  applied  to  salts  with  reference  to 
their  action  on  vegetable  colors.  The  normal  salts  formed  by  the  union  of 
the  stronger  acids  with  the  alkalies  and  alkaline  earths,  such  as  potassium  sul- 
phate, 804K,  barium  nitrate,  (NO,),Ba",  &c,  are  perfectly  neutral  to  vege- 
table colors,  but  most  other  normal  salts  exhibit  either  an  acid  or  an  alka- 
line reaction;  thus  ferrous  sulphate,  cupric  sulphate,  silver  nitrate,  and 
many  others  redden  litmus,  while  the  normal  carbonates  and  phosphates  of 
the  alkali-metals  exhibit  a  decided  alkaline  reaction.  It  is  clear  then  that 
the  action  of  a  salt  on  vegetable  colors  bears  no  definite  relation  to  its  composi- 
tion: hence  the  term  normal,  as  applied  to  salts  in  which  the  basic  hydro- 
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gen  of  the  acid  is  wholly  replaced,  is  preferable  to  neutral,  and  the  terms 
basic  and  add,  as  applied  to  salts,  are  best  used  in  the  manner  above  explained 
with  reference  to  their  composition. 

When  a  normal  salt  containing  a  monoxide  passes  by  oxidation  to  a  salt 
containing  a  sesquioxide,  dioxide,  or  trioxide,  the  quantity  of  acid  present 
is  no  longer  sufficient  to  saturate  the  base.  Thus  when  a  solution  of  fer- 
rous sulphate,  S04Fe,  or  SOj.FeO  (common  green  vitriol),  is  exposed  to 
the  air,  it  absorbs  oxygen,  and  an  insoluble  ferric  salt  is  produced  contain- 
ing an  excess  of  base,  while  normal  ferric  sulphate  remains  in  solution: 


4(SOrFeO)   + 
Ferrous  sulphate. 


o,   = 


380rFe,Of 

Normal  ferric 

sulphate. 


Baric  ferric 
sulphate. 


These  basic  salts  are  very  often  insoluble  in  water. 

Salts  containing  a  proportion  of  acid  oxide  larger  than  is  sufficient  to 
form  a  neutral  compound,  are  called  ankydro-salts  (sometimes,  though  im- 
properly, acid  salts) ;  they  may  evidently  be  regarded  as  compounds  of  a 
normal  salt  with  excess  of  acid  oxide;  e.g.: 

The  following  is  a  list  of  the  most  important  inorganio  acids  arranged 
according  to  their  basicity : 

Monobasic  Acid*. 


Hydochlorio 

.       C1H 

Antimonio  . 

.    SbO.H 

Hydrobromic  . 

BrH 

Hypochlorous 

ClOH 

Hydr iodic    . 

IH 

Chlorous    . 

.     CIO.H 

Hydrofluoric    . 

FH 

Chloric  . 

CIC^H 

Nitrous 

.    NO.H 

Perchloric 

.     C104H 

Nitric 

NO.H 

Bromic  . 

BrO^H 

Hypophosphorous 

(PH,0)H 
PO,H 

Iodic . 

.       IOtH 

MetsphoBphoric 

Periodio 

I04H 

Boric  . 

.    BO,H 

Bibasit 

•  Acids. 

Hydric  (water)  . 

OH. 

Selenious 

.      SeO,Ht 

Sulph-hydric 

SH, 

Selenic 

8e04H. 

Selenhydrio 

.       ScHa 

Tellurous 

.     TeOtH, 

Tellurhydric  . 

TeH, 

Telluric 

Te04H, 

Sulphurous 

.      BO.1T, 

Manganic 

.    Mn04H, 

Sulphuric 

S04H, 

Permanganic 

Mn-O.H. 

Hyposulphurous 

•    BAHi 

Chromic  . 

.     Cr04H, 

Dithionic 

SaliflHa 

Stannic 

Sn09Ht 

Trithionic  . 

.    UMk 

Metasilicic 

.      SiOjH, 

Tetrath  ionic  . 

8AHi 

Carbonic 

CO,Ht 

Pentathionio 

Tribasi 

Phosphorous 
e  Acids. 

(PHO,)Ht 

Orth  ophosphorio 

.     P04H, 

Arsenic     • 

•         •    As04Hj 

Tetraba* 

ic  Acids. 

Pyrophosphoric     . 

P,07H4 

Orthosilicic  . 

Si04H4 
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The  general  characters  of  most  of  the  non-metallic  acids  and  their  salts 
kave  been  already  considered ;  but  the  phosphates  require  further  notice. 

Phosphates.  —  There  are  three  modifications  of  phosphoric  acid :  one 
being  monobasic,  the  second  tribasic,  and  the  third  tetrabasic,  as  indicated 
in  the  preceding  table. 

Hydrogen  phosphide,  PHp  burnt  in  air  or  oxygen  gas,  takes  up  four 
atoms  of  oxygen,  and  forms  trihydric  phosphate  or  tribasic  phosphoric  acid* 
P04H,.  The  same  acid  is  produced  by  the  oxidation  of  hypophosphorous 
or  phosphorous  acid;  by  oxidizing  phosphorus  with  nitric  acid  (p.  214); 
by  the  decomposition  of  native  calcium  phosphate  (apatite)  and  other  na- 
tWe  phosphates;  and  by  the  action  of  boiling  water  on  phosphorus  pent- 
oxide,  PsOs.  This  acid  forms  three  distinct  classes  of  metallic  salts.  With 
sodium,  for  example,  it  forms  the  three  salts,  P04NaH«  P04Na.,H,   and 

PiKNa,,  the  first  two  of  which,  still  containing  replaceable  hydrogen,  are 

acid  salts,  while  the  third  is  the  normal  or  neutral  salt. 

If  now  the  monosodic  phosphate,  P04NaH~  be  heated  to  redness,  it  gives 

•ff  one  molecule  of  water,  and  leaves  an  anhydrous  monosodic  phosphate, 

POjXa,  the  aqueous  solution  of  which,  when  treated  with  lead  nitrate, 

yields  a  lead-salt  of  corresponding  composition;  thus: 

2POsNa  +  (NO,),Pb"  =.  (PO.^Pb"  +  2N0,Na; 

and  this  lead-salt  decomposed  by  sulph-hydric  acid,  yields  a  monohydrio 
acid  having  the  composition  PO.H,  possessing  properties  quite  distinct 
from  those  of  the  trihydric  acid  above  mentioned : 

(POf  ),Pb"  +  SHa  =  2POtH  +  Pb"S. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus, 
and  by  the  decomposition  of  the  ordinary  native  phosphates,  is  called 
QTthophosphoric  add  or  ordinary  phosphoric  acid;  the  monohydrio  acid  is 
called  metaphosphoric  acid.  The  former  may  be  regarded  as  a  trihydrate,  the 
latter  as  a  monohydrate  of  phosphoric  oxide : 

2P04Hf  =  P,0B.30Hr  orthophosphoric  acid, 
2POtH  =  PyO^OHy  metaphosphoric  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action 
of  boiling  water,  the  latter  by  that  of  cold  water  on  phosphoric  oxide. 
They  are  easily  distinguished  from  one  another  by  their  reactions  with  al- 
bumin and  with  silver  nitrate.  Metaphosphoric  acid  coagulates  albumin, 
tod  gives  a  white  precipitate  with  silver  nitrate;  whereas  orthophosphoric 
acid  does  not  coagulate  albumin,  and  gives  no  precipitate,  or  a  very  slight 
one,  with  silver  nitrate,  till  it  is  neutralized  with  an  alkali,  in  which  case 
a  yellow  precipitate  is  formed. 

Metaphosphoric  acid  and  its  salts  differ  from  orthophosphoric  acid  and 
the  orthophosphates  by  the  want  of  one  or  two  atoms  of  water  or  base ; 
thus: 

Metaphoaphates.  Orthophosphates. 

PO.H  =     P04H,  —  OH. 

PO,Na  =    P04NaH.  —  OH. 

(PO,),Ba"  =   (P04)3Ba"H4  —  20H, 

PO,Ag  =    P04Ag$  —      OAg, 

(POt),Pb"  =   (P04)aPb",  —  20Pb>'. 

Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are  con- 
vertible one  into  the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water 
or  metallic  base;  thus: 
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«.  A  solution  of  metaphosphoric  acid  is  converted,  slowly  at  ordinary 
temperatures,  quickly  at  the  boiling  heat,  into  orthophosphorio  acid,  and 
the  metaphosphates  of  sodium  and  barium  are  converted  by  boiling  with 
water  into  the  corresponding  monometallic  orthopbosphates  (see  the  first 
three  equations  above). — 0.  The  metaphosphate  of  a  heavy  metal,  silver 
or  lead,  for  example,  is  converted  by  boiling  with  water  into  a  trimetallic 
phosphate  and  orthophosphoric  acid: 

8P09Ag  +  30H,  =  P04Ag,  +  2P04Hi. 

y.  When  any  metaphosphate  is  fused  with  an  oxide,  hydrate  or  carbonate, 
it  becomes  a  trimetallic  orthophosphate,  c  g. ; 

POtNa  +  CO,Na,  =  P04Na,  +  C0r 

On  the  other  hand  (i),  when  orthophosphorio  acid  is  heated  to  redness, 
it  loses  water  and  becomes  metaphosphoric  acid ;  and  when  a  monometallic 
orthophosphate  is  heated  to  redness,  it  also  loses  water  and  is  transformed 
into  a  metaphosphate. 

Intermediate  between  orthophosphates  and  metaphosphates,  there  are 
at  least  three  distinct  classes  of  salts,  the  most  important  of  which  are  the 
pyrophosphate*  or  parapho9phalest  which  may  be  derived  from  the  tetrahydric 
or  quadribasic  acid,  P,07H4,  the  normal  sodium  salt,  for  example,  being 
P,07Na4,  the  normal  lead  salt,  P,07Pb"r  &c.  These  salts  may  be  viewed 
as  compounds  of  orthophosphate  and  metaphosphate,  e.  g. : 

P,07Na4  =  P04Na,  +  PO,Na. 

Sodium  pyrophosphate  is  produced  by  heating  disodio  orthophosphate  to 
redness,  a  molecule  of  water  being  then  given  off: 

2P04Na,H  =  OH,  +  PjOjNa^ 

The  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates  with 
lead  and  silver  salts;  thus  with  lead  nitrate: 

PtOTNa4  +  2(NOt),Pb"  =  4N0,Na  =  P.OjPb",, 

and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields  hydrogen 
pyrophosphate  or  pyrophosphoric  acid: 

P,07Pb",  +  2SH,  =  2Pb"S  +  P,0TH4. 

Pyrophosphoric  acid  is  distinguished  from  metaphosphoric  aoid  by  not 
coagulating  albumin  and  not  precipitating  neutral  solutions  of  barium  or 
silver  salts,  and  from  orthophosphorio  acid  by  producing  a  white  instead 
of  a  yellow  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  metaphosphates  and  ortho- 
phosphates,  and  vice  vend,  by  addition  or  subtraction  of  water  or  a  metallic 
base. 

a.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  loss 
of  water  has  been  already  mentioned.  — 0.  Conversely,  when  a  pyrophos- 
phate is  heated  with  water  or  a  base,  it  becomes  an  orthophosphate,  e.  g. : 

P,07Na4+    H,0      =  2P04Na,H 
P,07Na4  +  20NaH  =  2P04Na,    +  0Hf. 

In  like  manner  orthophosphorio  acid  heated  to  215°  is  almost  entirely  con- 
verted into  pyrophosphoric  acid :  2P04H,  —  OH,  =  P,0jH4;  and  conversely, 
when  pyrophosphoric  acid  is  boiled  with  water,  it  is  transformed  into 
orthophosphorio  acid. 

y.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into  meta- 
phosphoric acid:    P,0TH4  —  OH,  =2POfH.     The  converse  reaction  is  not 
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easily  effected,  inasmuch  as  metaphosphoric  acid  by  absorbing  water  gener- 
ally passes  directly  to  the  state  of  orthophosphorio  acid.  Peligot,  however, 
observed  the  formation  of  pyrophosphoric  from  metaphosphoric  acid  by 
very  alow  absorption  of  water.  — 6.  When  a  metallic  metaphosphate  is 
treated  with  a  proper  proportion  of  a  hydrate,  oxide,  or  carbonate,  it  is 
converted  into  a  pyrophosphate ;  thus : 

2PO,Na    +    COjNa,    =    P,07Na4      +  CO, 

Metaphosphate.         Carbonate.         Pyrophosphate.        Carbon  dioxide. 

Fleitcnann  and  Henneberg,*  by  fusing  together  a  molecule  of  sodium  py- 
rophosphate, P04Na,.POjNa,  with  two  molecules  of  metaphosphate,  POaNa, 
obtained  a  salt  having  the  composition  P04Na,.3PO,Na  =  P4OnNnfl,  which 
is  soluble  without  decomposition  in  a  small  quantity  of  hot  water,  and 
crystallises  from  its  solution  by  evaporation  over  oil  of  vitriol.     An  excess 
of  hot  water  decomposes  it,  but  its  cold  aqueous  solution  is  moderately  per- 
manent.    Insoluble  phosphates  of  similar   composition  may  be   obtained 
from  the  sodium-salt  by  double  decomposition.     Fleitmann  and  Henneberg 
obtained  another  crystallizable  but  very  insoluble  salt,  having  the  compo- 
sition P04N«f.9POaNa  =  PioOjjNa^,   by  fusing  together  one  molecule  of 
sodium-pyrophosphate  with  eight  molecules  of  the  metaphosphate ;  and  in- 
soluble phosphates  of  similar  constitution  were  obtained  from  it  by  double 
decomposition. 

The  comparative  composition  of  these  different  phosphates  is  best  shown 
by  representing  them  as  compounds  of  phosphoric  oxide  with  metallic  oxide, 
and  assigning  to  them  all,  the  quantity  of  base  contained  in  the  most  com- 
plex member  of  the  series ;  thus  (for  the  sodium  salts)  : 

Orthophospbate 2P205 .  6Na,0  =  4P04Na 

Pyrophosphate 8P206 .  6Na,0  =  8P207Na4 

Fleitmann  and  Henneberg* s  phosphate  (a)  4P20, .  6Na.O  =  2P4OttNa€ 

• (b)  6P,06.6Na20  =  P^Na,, 

Metaphosphate 6P,06 .  6Na,0  =  l2PO,Na. 

Metallic  Sulphides.  — These  compounds  correspond,  for  the  most  part,  to 
the  oxides  in  composition :  thus  there  are  two  sulphides  of  arsenic,  AsJ3, 
and  ASjSj.  corresponding  to  the  oxides,  As.O,  and  As,06 ;  also  two  sulphides 
of  mercury,  Hg,S  and  HgS,  analogous  to  the  oxides,  HgtO  and  HgO.  Oc- 
casionally, however,  we  meet  with  oxides  to  which  there  are  no  correspond- 
ing sulphides  (manganese  dioxide,  for  example),  and  more  frequently  sul- 
phides to  which  there  are  no  corresponding  oxides,  the  most  remarkable  of 
which  are  perhaps  the  alkaline  polysulphides.  Potassium,  for  example, 
forms  the  series  of  sulphides  K,S,  KJ$r  K,S,,  K,84,  and  K,Sft,  the  third  and 
fifth  of  which  have  no  analogues  in  Ae  oxygen  series. 

There  are  also  sulph-hydrates  analogous  to  the  hydrates,  and  containing 
the  elements  of  a  metallic  sulphide  and  hydrogen  sulphide,  or  sulph-hydrio 
acid;  t.  g.  potassium  sulph-hydrate  K^SH^S  =  2KHS;  lead  sulph-hydrate 
Pb"8.H,S  =  Pb//H1Sr  Sulph-hydrates  and  sulphides  may  be  derived  from 
sulph-hydric  acid  by  partial  or  total  replacement  of  the  hydrogen  by  metals, 
just  as  metallic  hydrates  and  oxides  are  derived  from  water : 

SHH  SKH  SKK 

Sulph-hydrio  Sulph-hydrate  Sulphide. . 

acid 

OHH  OKH  OKK 

Water  Hydrate  Oxide. 

•  Ann.  Ch.  Pharm.  1st.  304. 
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Many  metallic  sulphides  occur  as  natural  minerals,  especially  the  sulphides 
of  lead,  copper,  and  mercury,  which  afford  valuable  ores  for  the  extraction 
of  (he  metals,  and  iron  bisulphide  or  iron  pyrites,  FeSr  which  is  largely 
used  as  a  source  of  sulphur,  and  for  the  preparation  of  ferrous  sulphate. 

Sulphides  are  formed  artificially  by  heating  metals  with  sulphur  ;  by  the 
action  of  metals  on  gaseous  hydrogen  sulphide;  by  the  reduction  of  sul- 
phates with  hydrogen  or  charcoal ;  by  heating  metallic  oxides  in  contact 
with  gaseous  hydrogen  sulphide,  or  vapor  of  carbon  bisulphide;  and  by 
precipitation  of  metallic  solutions  with  hydrogen  sulphide  or  a  sulphide  of 
alkali-metal.  Some  metals,  as  copper,  lead,  silver,  bismuth,  mercury,  and 
cadmium,  are  precipitated  from  their  acid  solutions  by  hydrogen  sulphide, 
passed  into  them  ss  gas  or  added  in  aqueous  solution,  the  sulphides  of  these 
metals  being  insoluble  in  dilute  acids;  others,  as  iron,  cobalt,  nickel,  man- 
ganese, lino,  and  uranium,  form  sulphides  which  are  soluble  in  acids,  and 
these  are  precipitated  by  hydrogen  sulphide  only  from  alkaline  solutions, 
or  by  ammonium  or  potassium  sulphide  from  neutral  solutions.  Many  of 
these  sulphides  exhibit  very  characteristic  colors,  which  serve  as  indications 
of  the  presence  of  the  respective  metnls  in  solution  (p.  201). 

Metallic  sulphides  are  also  formed  by  the  reduction  of  sulphates  with 
organic  substances ;  many  native  sulphides  have  doubtless  been  formed  in 
this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble  those 
of  the  metals  in  certain  particulars,  such  as  the  peculiar  opacity,  lustre, 
and  density,  especially  when  they  are  in  a  crystalline  condition.  They  are 
generally  crystallizable,  brittle,  and  of  a  gray,  pale  yellow,  or  dark  brown 
color.  The  sulphides  of  the  alkali-metals  are  soluble  in  water,  most  of 
the  others  are  insoluble.  They  are  frequently  more  fusible  than  the  cor- 
responding oxides,  and  some  are  volatilixable,  as  mercury  sulphide  and  ar- 
senic sulphide. 

Many  sulphides,  when  heated  out  of  contact  with  atmosph  ;ric  air,  do  not 
undergo  any  decomposition ;  this  iB  the  case  chiefly  with  those  containing 
the  smallest  proportions  of  sulphur,  such  as  the  monosulphides  of  iron  and 
lino.  Sulphides  containing  larger  proportions  of  sulphur  are  partially  de- 
composed by  heat,  losing  part  of  their  sulphur,  and  being  converted  into 
lower  sulphides ;  as  in  the  case  of  iron  bisulphide.  The  sulphides  of  gold 
and  platinum  are  completely  reduced  by  heat. 

By  the  simultaneous  action  of  heat  and  of  substances  capable  of  combin- 
ing with  sulphur,  some  sulphides  may  be  decomposed.  Thus,  for  instance, 
silver,  copper,  bismuth,  tin,  and  antimony  sulphides  are  reduced  by  hydro- 
gen ;  copper,  lead,  mercury,  and  antimony  sulphides  are  reduced  by  heat- 
ing with  iron. 

Sulphides  which  are  not  reduced  by  heat  alone,  are  always  decomposed 
when  heated  in  contact  with  oxygen  or  atmospheric  air.  Those  of  the 
alkali-metals  and  earth-metals  are  converted  into  sulphates  by  this  means. 
Zinc,  iron,  manganese,  copper,  lead,  and  bismuth  sulphides  are  converted 
into  oxides,  and  sulphurous  oxide  is  produced ;  but  when  the  temperature 
is  not  above  dull  redness,  some  sulphate  is  formed  by  direct  oxidation. 
Mercury  and  silver  sulphides  are  completely  reduced  to  the  metallic  state. 
Some  native  sulphides  gradually  undergo  alteration  by  mere  exposure  to 
the  atmosphere ;  but  it  is  then  generally  limited  to  the  production  of  sul- 
phates, unless  the  oxidation  takes  place  so  rapidly  that  the  heat  generated 
is  sufficient  to  decompose  the  sulphate  first  produced.  In  the  production 
of  some  metals  for  use  in  the  arts,  the  separation  of  sulphur  from  the  na- 
tive minerals  is  effected  chiefly  by  means  of  this  action  in  the  operation  of 
roasting. 

Metallic  sulphides  are  decomposed  in  like  manner  when  heated  with 
metallic  oxides  in  suitable  proportions,  yielding  sulphurous  oxide  and  the 
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metal  of  both  the  sulphide  and  oxide.    Lead  is  reduced  from  the  native 
mlphide  in  this  manner. 

Many  metallic  sulphides  are  decomposed  by  acids  in  the  presence  of 
water,  sulphuretted  hydrogen  being  evolved  while  the  metal  enters  into 
combination  with  the  acid  or  chlorous  radical  of  the  acid.  Nitric  acid  when 
concentrated  decomposes  most  sulphides,  with  formation  of  metallic  oxide, 
sulphuric  acid,  sulphur,  and  a  lower  oxide  of  nitrogen.  Nitromuriatic  acid 
acts  in  a  similar  manner,  but  still  more  energetically. 

Sulphur-salts. — The  sulphides  of  the  more  basylous  metals  unite  with 
those  of  the  more  chlorous  or  electro- negative  metals,  and  of  the  metalloids, 
forming  sulphur-ialts,  analogous  in  composition  to  the  oxygen-salts,  e.  g. : 

Carbonate  COfK,  =  CO,K,0 

Sulphocarbonate  CSjK,  =  CSrK^8 

Arsenate  2As04K,  =  Ast05.8K20 

Sulpharsenate  2AsS4K,  =  As,8c.3K^8 

Stlenidas  and  Tellurides. — These  compounds  are  analogous  in  composi- 
tion, and  in  many  of  their  properties,  to  the  sulphides,  and  likewise  unite 
one  with  the  other,  forming  selenium-salts  and  tellurium  salts  analogous  to 
the  oxygen  and  sulphur  salts. 

Metals  also  form  definite  compounds  with  nitrogen,  phosphorus,  silicon, 
boron,  and  carbon ;  but  these  compounds  are  comparatively  unimportant, 
excepting  the  carbonidea  of  iron,  which  form  cast  iron  and  steeL 
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POTASSIUM. 
Atomic  weight,  39*1.     Symbol,  K  (Kalium). 

POTASSIUM  was  discovered  in  1807  by  Sir  H.  Davy,  who  obtained  it  in 
yery  small  quantity  by  exposing  a  piece  of  moistened  potassium  hydrate 
to  the  action  of  a  powerful  voltaic  battery,  the  alkali  being  placed  between 
a  pair  of  platinum  plates  connected  with  the  apparatus.  Processes  have 
since  been  devised  for  obtaining  this  metal  in  almost  any  quantity  that  can 
be  desired. 

An  intimate  mixture  of  potassium  carbonate  and  charcoal  is  prepared  by 
calcining,  in  a  oovered  iron  pot,  the  crude  tartar  of  commerce ;  when  cold 
it  is  rubbed  to  powder,  mixed  with  one  tenth  part  of  charcoal  in  small 
lumps,  and  quickly  transferred  to  a  retort  of  stout  hammered  iron :  the  lat- 
ter may  be  one  of  the  iron  bottles  in  which  mercury  is  imported.    The  retort 
is  introduced  into  a  furnace  a  (fig.  162),  and  placed  horizontally  on  supports 
of  fire-brick,  /,  /.     A  wrought-iron  tube  d,  four  inches  long,  serves  to  con- 
vey the  vapors  of  potassium  into  a  receiver  a,  formed  of  two  pieces  of 
wrought-iron,  a,  b  (fig.  168),  which  are  fitted  closely  to  each  other  so  as  to 
form  a  shallow  box  only  a  quarter  of  an  inch  deep,  and  are  kept  together 
by  clamp-screws.     The  iron  plate  should  be  one  sixth  of  an  inch  thick, 
twelve  inches  long,  and  five  inches  wide.     The  receiver  is  open  at  both 
ends,  the  socket  fitting  upon  the  neck  of  the  iron  bottle.     The  object  of 
giving  the  receiver  this  flattened  form  is  to  ensure  the  rapid  cooling  of  the 
potassium,  and  thus  to  withdraw  it  from  the  action  of  the  carbon  monoxide, 
which  is  disengaged  during  the  entire  process,  and  has  a  strong  tendency 
to  unite  with  the  potassium,  forming  a  dangerously  explosive  compound. 
Before  connecting  the  receiver  with  the  tube  d,  the  fire  is  slowly  raised  till  the 
iron  bottle  attains  a  dull  red  heat.    Powdered  vitrefied  borax  is  then  sprin- 
kled upon  it,  which  melts  and  forms,  a  coating,  serving  to  protect  the  iron 
from  oxidation.     The  heat  is  then  to  be  urged  until  it  is  very  intense,  care 
being  taken  to  raise  it  as  equally  as  possible  throughout  every  part  of  the 
furnace.     When  a  full  reddish-white  heat  is  attained,  vapors  of  potassium 
begin  to  appear  and  burn  with  a  bright  flame.   The  receiver  is  then  adjusted 
to  the  end  of  the  tube,  which  must  not  project  more  than  a  quarter  of  an 
inoh  through  the  iron  plate  forming  the  front  wail  of  the  furnace;  other- 
wise the  tube  is  liable  to  be  obstructed  by  the  accumulation  of  solid  potas- 
Bium,  or  of  the  explosive  compound  above  mentioned.    Should  any  obstruc- 
tion occur,  it  must  be  removed  by  thrusting  in  an  iron  bar,  and  if  this  fail, 
the  fire  must  be  immediately  withdrawn  by  removing  the  bars  from  the  fur- 
nace, wit"h  the  exception  of  two  which  support,  the  iron  bottle.    The  receiver 
is  kept  cool  by  the  application  of  a  wet  cloth  to  its  outside.  When  the  oper- 
ation is  complete,  the  receiver  with  the  potassium  is  removed  and  immedi* 
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ately  plunged  into  a  Teasel  of  rectified  Persian  naphtha  provided  with  a 
cover,  and  kept  cool  by  immersion  in  water.  When  the  apparatus  is  suffi- 
ciently cooled,  the  potassium  is  detached  and  preserved  under  naphtha. 


Jty.102. 


J^.168. 


If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards  re- 
distilled in  an  iron  retort,  into  which  some  naphtha  has  been  put,  that  its 
vapor  may  expel  the  air,  and  prevent  oxidation  of  the  metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre ;  at  the 
common  temperature  of  the  air  it  is  soft,  and  may  be  easily  cut  with  a 
knife,  but  at  0°  it  is  brittle  and  crystalline.  It  melts  completely  at  62-5°, 
and  distils  at  a  low  red  heat.  It  floats  on  water,  its  specific  gravity  being 
only  0-865. 

Exposed  to  the  air,  potassium  oxidizes  instantly,  a  tarnish  covering  the 
surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic  potash. 
Thrown  upon  water,  it  takes  fire  spontaneously,  and  burns  with  a  beautiful 
purple  flame,  yielding  an  alkaline  solution.  When  it  is  brought  into  con- 
tact with  a  little  water  in  a  jar  standing  over  mercury,  the  liquid  is  decom- 
posed with  great  energy,  and  hydrogen  liberated.  Potassium  is  always 
preserved  under  the  surface  of  naphtha. 

Potassium  Chloride,  KC1.  —  This  salt  is  obtained  in  large  quantity  in 
the  manufacture  of  the  chlorate :  it  is  easily  purified  from  any  portions  of 
the  latter  by  exposure  to  a  dull  red  heat.  Within  the  last  few  years  large 
quantities  of  this  salt  have  been  obtained  from  sea-water,  by  a  peculiar 
process  suggested  by  M.  Balard.*  It  is  also  contained  in  kelp,  and  is  sep- 
arated for  the  use  of  the  alum-maker.  Considerable  quantities  of  it  are 
now  obtained  from  the  salt-beds  of  Strassfurt,  near  Magdeburg,  in  Prussia. 

Potassium  chloride  closely  resembles  common  salt  in  appearance,  assum- 
ing, like  that  substance,  the  cubic  form  of  crystallization.  The  crys- 
tals dissolve  in  three  parts  of  cold,  and  in  a  much  smaller  quantity  of  boil- 
ing water:  they  are  anhydrous*,  have  a  simple  saline  taste,  with  slight  bit- 
terness, and  fuse  when  exposed  to  a  red  heat.  Potassium  chloride  is 
volatilised  by  a  very  high  temperature. 

Potassium  Iodide,  EI.  —  There  are  three  different  methods  of  preparing 
this  important  medicinal  compound. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  caustic  potash  free  from 
carbonate,  it  is  dissolved  in  large  quantity,  forming  a  colorless  solution 
containing  potassium  iodide  and  iodate ;  the  reaction  is  the  same  as  in  the 


•  Reports  by  the  Juries  of  the  International  Exhibition  of  1802,  Clan  EL 
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analogous  case  with  chlorine.  When  the  solution  begins  to-be  permanently 
colored  by  the  iodine,  it  is  evaporated  to  dryness,  and  cautiously  heated  to 
redness,  by  which  the  iodate  is  entirely  converted  into  potassium  iodide. 
The  mass  is  then  dissolved  in  water,  and,  after  filtration,  made  to  crys- 
tallite. 

(2.)  Iodine,  water,  and  iron  filings  or  scrape  of  sine,  are  placed  in  a 
warm  situation  until  the  combination  is  complete,  and  the  solution  colorless. 
The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and  exactly  decomposed 
with  solution  of  pure  potassium  carbonate,  great  care  being  taken  to  avoid 
excess  of  the  latter.  Potassium  iodide  and  ferrous  carbonate,  or  tine  car- 
bonate, are  thus  obtained:  the  former  is  separated  by  filtration,  and  evap- 
orated until  the  solution  is  sufficiently  concentrated  to  crystallize  on  cooling, 
the  washings  of  the  filter  being  added  to  avoid  loss: 

Pel,    +    COfK,     =     2KI    +    COtFe". 

(3.)  A  very  simple  method  for  the  preparation  of  potassium  iodide  has 
recently  been  proposed  by  Liebig.  One  part  of  amorphous  phosphorus  is 
added  to  40  parts  of  warm  water ;  20  parts  of  dry  iodine  are  then  gradu- 
ally added  and  intimately  mixed  with  the  phosphorus  by  trituration.  The 
dark-brown  liquid  thus  obtained  is  now  heated  on  the  water-bath  until  it 
becomes  colorless;  it  is  then  poured  off  from  the  undissolved  phosphorus 
and  neutralized,  first  with  barium  carbonate  and  then  with  baryta  water, 
until  it  becomes  slightly  alkaline.  The  insoluble  barium  phosphate  is  fil- 
tered off  and  washed ;  the  filtrate  now  contains  nothing  but  barium  iodide, 
which,  when  treated  with  potassium  sulphate,  yields  insoluble  barium  sul- 
phate and  potassium  iodide  in  solution.  Lime  answers  nearly  as  well  as 
baryta. 

Potassium  iodide  crystallizes  in  cubes,  which  are  often,  from  some  unex- 
plained cause,  milk-white  and  opaque:  they  are  anhydrous,  and  fuse  rea- 
dily when  heated.  The  salt  is  very  soluble  in  water,  but  not  deliquescent, 
when  pure,  in  a  moderately  dry  atmosphere:  it  is  dissolved  by  alcohol. 

Solution  of  potassium  iodide,  like  those  of  all  the  soluble  iodides,  dis- 
solves a  large  quantity  of  free  iodine,  forming  a  deep-brown  liquid,  not 
decomposed  by  water. 

Potassium  Bromide,  EBr.  —  This  compound  may  be  obtained  by  pro- 
cesses exactly  similar  to  those  just  described,  substituting  bromine  for  the 
iodine.  It  is  a  colorless  and  very  soluble  salt,  quite  undistinguishable  in 
appearance  and  general  characters  from  the  iodide. 

Potassium  Oxides.  — Potassium  combines  with  oxygen  in  three  propor- 
tions, forming  a  monoxide,  OK,,  a  dioxide,  OsKr  and  a  tetroxide,  04K^, 
besides  a  hydrate,  OK II,  corresponding  to  the  monoxide. 

Potassium  monoxide,  OK^  also  called  anhydrous  potash,  or  potassa,  is  formed 
when  potassium  in  thin  slices  is  exposed  at  ordinary  temperatures  to  dry 
air  free  from  carbon  dioxide ;  also  when  the  hydrate  is  heated  with  an 
equivalent  quantity  of  metallic  potassium: 

20KH     +    K,    =    20K,    -f    Hr 

It  is  white,  very  deliquescent  and  caustic,  combines  energetically  with 
water,  forming  potassium  hydrate,  and  becoming  incandescent  when  moist- 
ened with  it;  melts  at  a  red  heat,  and  volatilizes  at  very  high  temperatures. 
OK 
The  dioxide  0,K,  or   I     is  formed  at  a  certain  stage  in  the  preparation 

of  the  tetroxide,  but  has  not  been  obtained  quite  pure.     By  carefully  reg- 
ulating the  heat  and  supply  of  air,  nearly  the  whole  of  the  potassium 
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may  be  converted  into  a  white  oxide,  haying  nearly  the  composition  of  the 
dioxide.    An  aqueous  solution  of  this  oxide  is  formed  by  the  action  of 

0— O— K 
water  on  the  tetroxide.    The  Utroxide,  O^K^  or  I  ,  is  produced  when 

potassium  is  burnt  in  excess  of  dry  air  or  oxygen  gas.  It  is  a  chrome- 
yellow  powder,  which  cakes  together  at  about  280°.  It  absorbs  moisture 
rapidly,  and  is  decomposed  by  water,  giving  off  oxygen  and  forming  a 
solution  of  the  dioxide.  When  gently  heated  in  a  stream  of  carbon  mon- 
oxide, it  yields  potassium  carbonate  and  two  atoms  of  oxygen : 

04K,    +    CO    =    COtK,    +    0,: 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three  atoms  of 
oxygen* 

Potassium  Hydrate,  OKH,  commonly  called  caustic  potash,  or  poiassa,  is 
a  very  important  substance,  and  one  of  great  practical  utility.  It  is  al- 
ways prepared  for  use  by  decomposing  the  carbonate  with  calcium  hydrate 
(slaked  lime),  as  in  the  following  process,  which  is  very  convenient :  10 
parts  of  potassium  carbonate  are  dissolved  in  100  parts  of  water,  and 
heated  to  ebullition  in  a  clean  untinned  iron,  or,  still  better,  silver  vessel ; 
8  parts  of  good  quicklime  are  meanwhile  slaked  in  a  covered  basin,  and 
the  resulting  calcium  hydrate  added,  little  by  little,  to  the  boiling  solution 
of  carbonate,  with  frequent  stirring.  When  all  the  lime  has  been  intro- 
duced, the  mixture  is  suffered  to  boil  for  a  few  minutes,  and  then  removed 
from  the  fire  and  covered  up.  In  the  course  of  a  very  short  time,  the  so- 
lution will  have  become  quite  clear,  and  fit  for  decantation,  the  calcium 
carbonate,  with  the  excess  of  hydrate,  settling  down  as  a  heavy,  sandy 
precipitate.     The  solution  should  not  effervesce  with  acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  carbonate  be 
dilute,  otherwise  the  decomposition  becomes  imperfect.  The  proportion  of 
lime  recommended  is  much  greater  than  that  required  by  theory,  but  it  is 
always  proper  to  have  an  excess. 

The  solution  of  potassium  hydrate  may  be  concentrated  by  quick  evap- 
oration in  the  iron  or  silver  vessel  to  any  desired  extent ;  when  heated 
until  vapor  of  water  ceases  to  be  disengaged,  and  then  suffered  to  cool,  it 
famishes  the  solid  hydrate,  OKH,  or  OK^OH.,. 

Pare  potassium  hydrate  is  also  easily  obtained  by  heating  to  redness  for 
half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parts  of  finely  divided  copper  foil.  The  mass,  when 
cold,  is  treated  with  water. 

Potassium  hydrate  is  a  white  solid  substance,  very  deliquescent  and  sol- 
uble in  water;  alcohol  also  dissolves  it  freely,  which  is  the  case  with  com- 
paratively few  potassium  compounds :  the  solid  hydrate  of  commerce,  which 
is  very  impure,  may  thus  be  purified.  The  solution  of  this  substance  pos- 
sesses, in  the  very  highest  degree,  the  properties  termed  alkaline:  it  re- 
stores the  blue  color  to  litmus  which  has  been  reddened  by  an  acid ;  neu- 
tralizes completely  the  most  powerful  acids ;  has  a  nauseous  and  peculiar 
taste;  and  dissolves  the  skin,  and  many  other  organic  matters,  when  the 
latter  are  subjected  to  its  action.  It  is  frequently  used  by  surgeons  as  a 
cautery,  being  moulded  into  little  sticks  for  that  purpose. 

Potassium  hydrate,  both  in  the  solid  state  and  in  solution,  rapidly  absorbs 
carbonic  acid  from  the  air ;  hence  it  must  be  kept  in  closely  stopped  bot- 
tles. When  imperfectly  prepared,  or  partially  altered. by  exposure,  it 
effervesces  with  an  acid. 

•  Harconrt,  Chem.  Soc.  Journ.  xiv.  207. 
26* 
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This  compound  is  not  decomposed  by  heat,  but  volatilizes  undecomposed 
at  a  very  high  temperature. 

The  following  table  of  the  densities  and  value  in  anhydrous  potassium 
oxide,  OKr  of  different  solutions  of  potassium  hydrate,  is  given  on  the 
authority  of  Dalton: 


Density. 
1-68 
1-60 
1-52 
1-47 
1-44 
1-42 
1-89 
186 


Percentage  of 

OK,. 
.     61-2 

46-7 
.    42  9 

39-6 
.    86-8 

84-4 
.    32-4 

29-4 


Dendty. 
1-38 
1-28 
1-23 
M9 
116 
111 
1-06 


Percentage  of 

OK,. 

.    265 

23-4 

.    19-5 

16-2 

.    13-0 

96 

.      4-7 


Potassium  Nitrate;  Nitrb;  Saltpxtri,  NO,K ■=■  NO,(OK). — This  im- 
portant compound  is  a  natural  product,  being  disengaged  by  a  kind  of 
efflorescence  from  the  surface  of  the  soil  in  certain  dry  and  hot  countries. 
It  may  also  be  produced  by  artificial  means — namely,  by  the -oxidation  of 
ammonia  in  presence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  nitre  are  prepared  by  mixing 
animal  refuse  of  all  kinds  with  old  mortar  or  calcium  hydrate  and  earth, 
and  placing  the  mixture  in  heaps,  protected  from  the  rain  by  a  roof,  but 
freely  exposed  to  the  air.  From  time  to  time  the  heaps  are  watered  with 
putrid  urine,  and  the  mass  turned  over,  to  expose  fresh  surfaces  to  the  air. 
When  much  salt  has  been  formed,  the  mixture  is  lixiviated,  and  the  solution, 
which  contains  calcium  nitrate,  is  mixed  with  potassium  carbonate ;  calcium 
carbonate  is  formed,  and  the  nitric  acid  transferred  to  the  alkali.  The  fil- 
tered solution  is  then  made  to  crystallise,  and  the  crystals  are  purified  by 
re-solution  and  crystallisation,  the  liquid  being  stirred  to  prevent  the  for- 
mation of  large  crystals. 

The  greater  part  of  the  nitre  used  in  this  country  comes  from  the  East 
Indies:  it  is  dissolved  in  water,  a  little  potassium  carbonate  added  to  pre- 
cipitate lime,  and  then  the  salt  purified  as  above. 

Considerable  quantities  of  nitre  are  now  manufactured  by  decomposing 
native  sodium  nitrate  (Chile  saltpetre),  with  carbonate  or  chloride  of  po- 
tassium. In  Belgium  the  potassium  carbonate  obtained  from  the  ashes  of 
the  beetroot  sugar  manufactories  is  largely  used  for  this  purpose;  the  po- 
tassium nitrate  thus  prepared  is  very  pure,  and  is  produced  at  a  low  price. 

Potassium  nitrate  crystallises  in  anhydrous  six-sided  prisms,  with  di- 
hedral summits,  belonging  to  the  rhombic  or  trimetrio  system :  it  is  soluble 
in  7  parts  of  water  at  16*6°,  and  in  its  own  weight  of  boiling  water.  Its 
taste  is  saline  and  cooling,  and  it  is  without  action  on  vegetable  colors.  At 
a  temperature  below  redness  it  melts,  and  by  a  strong  heat  is  completely 
decomposed. 

When  it  is  thrown  on  the  surface  of  many  metals  in  a  state  of  fusion,  or 
when  mixed  with  combustible  matter  end  heated,  rapid  oxidation  ensues, 
at  the  expense  of  the  oxygen  of  the  nitric  acid.  Examples  of  such  mixtures 
are  found  in  common  gunpowder,  and  in  nearly  all  pyrotechnic  compositions, 
which  burn  in  this  manner  independently  of  the  oxygen  of  the  air,  and 
even  under  water.  Gunpowder  is  made  by  very  intimately  mixing  together 
potassium  nitrate,  charcoal,  and  sulphur,  in  proportions  which  approach 
2  molecules  of  nitre,  8  atoms  of  carbon,  and  1  atom  of  sulphur. 

These  quantities  give,  reckoned  to  100  parts,  and  compared  with  the 
proportions  used  in  the  manufacture  of  the  English  Government  powder,* 
the  following  results : 

•  Dr.  M'Culloch,  Enr-  -nnica. 
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Theory. 


Proportions 
In  practice. 


Potassium  nitrate         •        74-8        .        75 
Charcoal  .         .         .     13  8    .         .    15 

Sulphur        .         .         .         11*9        .         10 

1000  100 

The  nitre  is  rendered  very  pure  by  the  means  already  mentioned,  freed 
from  water  by  fusion,  and  ground  to  fine  powder;  the  sulphur  and  char- 
coal, the  latter  being  made  from  light  wood,  as  dogwood  or  alder,  are  also 
finely  ground,  after  which  the  materials  are  weighed  out,  moistened  with 
water,  and  thoroughly  mixed  by  grinding  under  an  edge-mill.  The  mass 
is  then  subjected  to  great  pressure,  and  the  millcake  thus  produced  broken 
in  pieces,  and  placed  in  sieves  made  of  perforated  vellum,  moved  by 
machinery,  each  containing,  in  addition,  a  round  piece  of  heavy  wood. 
The  grains  of  powder  broken  off  by  attrition  fall  through  the  holes  in  the 
skin,  and  are  easily  separated  from  the  dust  by  sifting.  The  powder  is, 
lastly,  dried  by  exposure  to  steam-heat,  and  sometimes  glazed  or  polished 
by  agitation  in  a  kind  of  cask  mounted  on  an  axis. 

It  was  formerly  supposed  that  when  gunpowder  is  fired,  the  whole  of  the 
oxygen  of  the  potassium  nitrate  was  transferred  to  the  carbon,  forming 
carbon  dioxide,  the  sulphur  combining  with  the  potassium,  and  tbe  nitrogen 
being  set  free.  There  is  no  doubt  that  this  reaction  docs  take  place  to  a 
considerable  extent,  and  that  the  large  volume  of  gas  thus  produced,  and 
still  further  expanded  by  the  very  exalted  temperature,  sufficiently  accounts 
for  the  explosive  effects.  But  recent  investigations  by  Bunsen,  Karolyi, 
and  others,  have  shown  that  the  actual  products  of  the  combustion  of  gun- 
powder are  much  more  complicated  than  this  theory  would  indicate,  a  very 
large  number  of  products  being  formed,  and  a  considerable  portion  of  the 
oxygen  being  transferred  to  the  potassium  sulphide,  converting  it  into  sul- 
phate, which,  in  fact,  constitutes  the  chief  portion  of  the  solid  residue  and 
of  the  smoke  formed  by  the  explosion.* 

Potassium  Chlorate,  C10sK  =  C102(OK).  —  The  theory  of  the  produc- 
tion of  chloric  acid,  by  the  action  of  chlorine  gas  on  a  solution  of  caustio 
potassa,  has  been  already  explained  (p.  187). 

Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm  solu- 
tion of  potassium  carbonate,  until  absorption  of  the  gas  ceases;  and  the 
liquid  is,  if  necessary,  evaporated,  and  then  allowed  to  cool,  in  order  that 
the  slightly  soluble  chlorate  may  crystallize  out.  The  mother-liquor  affords 
a  second  crop  of  crystals,  but  they  are  much  more  contaminated  by  potas- 
sium chloride.     It  may  be  purified  by  one  or  two  re-crystallizations. 

Potassium  chlorate  is  soluble  in  about  20  parts  of  cold  and  2  of  boiling 
water:  the  crystals  are  anhydrous,  flat,  and  tabular;  in  taste  it  somewhat 
resembles  nitre.  When  heated,  it  gives  off  the  whole  of  its  oxygen  gas 
and  leaves  potassium  chloride.  By  arresting  the  decomposition  when  the 
evolution  of  gas  begins  to  slacken,  and  redissolving  the  salt,  potassium  per- 
chlorate  and  chloride  may  be  obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion  often 
occurring  by  friction  er  blows.  When  about  one  grain-weight  of  chlorate 
and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar,  the  mixture  ex- 
plodes with  a  loud  report:  hence  it  cannot  be  used  in  the  preparation  of 
gunpowder  instead  of  the  nitrate.  Potassium  chlorate  is  now  a  large  article 
of  commerce,  being  employed,  together  with  phosphorus,  in  making  instan- 
taneous-light matches. 

Potassium  Pebchlobatb,  C104K  =  C10s(OK).— This  salt  has  been  already 

•  8e«  Wattes  Dictionary  of  Chemistry,  vol.  ii.  p.  058. 
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noiioed  under  the  head  of  perchloric  acid.  It  is  best  prepared  by  project- 
ing powdered  potassium  chlorate  into  warm  nitric  acid,  when  the  chlo- 
ric acid  is  resolved  into  perchloric  acid,  ohlorine  and  oxygen  gases.  The 
salt  is  separated  by  crystallization  from  the  nitrate.  Potassium  perohlorate 
is  a  Tery  slightly  soluble  salt :  it  requires  65  parts  of  cold  water,  but  is 
more  freely  taken  up  at  a  boiling  heat.  The  crystals  are  small,  and  have 
the  figure  of  an  octohedron  with  square  base.  It  is  decomposed  by  heat,  in 
the  same  manner  as  the  chlorate. 

Potassium  Carbonate 8. — Potassium  forms  two  well-defined  carbonates, 
namely,  a  normal  or  neutral  carbonate,  CO.BL,  and  an  acid  salt  containing 
CO.KH. 

Normal  potassium  carbonate,  or  dipotasric  carbonate  =  CO(OK),  =  CO^-OK,. 
Potassium-salts  of  vegetable  acids  are  of  constant  occurrence  in  plants, 
where  they  perform  important,  but  not  yet  perfectly  understood  functions 
in  the  economy  of  those  beings.  The  potassium  is  derived  from  the  soil, 
which,  when  capable  of  supporting  vegetable  life,  always  contains  that  sub- 
stance. When  plants  are  burned,  the  organic  acids  are  destroyed,  and  the 
potassium  is  left  in  the  state  of  carbonate. 

It  ia  by  these  indirect  means  that  the  carbonate,  and,  in  fact,  nearly  all 
the  salts  of  potassium,  are  obtained.  The  great  natural  depository  of  the 
alkali  is  the  felspar  of  granitic  and  other  unstratified  rocks,  where  it  ia 
combined  with  silica,  ana  in  an  insoluble  state.  The  extraction  thence  is 
attended  with  great  difficulties,  and  many  attempts  at  manufacturing  it  on 
a  large  scale  from  this  source  have  failed ;  but  experiments  quite  recently 
made  by  Mr.  T.  0.  Ward  appear  to  indicate  that  the  object  may  be  accom- 
plished by  fusing  potassic  rocks  with  a  mixture  of  calcium  carbonate  and 
fluoride.  There  are,  however,  natural  processes  at  work,  by  which  the 
potash  is  constantly  being  eliminated  from  these  rocks.  Under  the  influ- 
ence of  atmospheric  agencies,  these  rocks  disintegrate  into  soils,  and  as  the 
alkali  acquires  solubility,  it  is  gradually  taken  up  by  plants,  and  accumu- 
lates in  their  substance  in  a  condition  highly  favorable  to  its  subsequent 
applications. 

Potassium-salts  are  always  most  abundant  in  the  green  and  tender  parts 
of  plants,  as  may  be  expected,  since  from  these,  evaporation  of  nearly  pure 
water  takes  place  to  a  large  extent :  the  solid  timber  of  forest-trees  contains 
comparatively  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected  to  a 
process  called  lixiviation :  they  are  put  into  a  large  cask  or  tun,  having  an 
aperture  near  the  bottom,  stopped  by  a  plug,  and  a  quantity  of  water  is 
added.  After  some  hours  the  liquor  is  drawn  off,  and  more  water  added, 
that  the  whole  of  the  soluble  matter  may  be  removed.  The  weakest  solu- 
tions are  poured  upon  fresh  quantities  of  ash,  in  place  of  water.  The  solu- 
tions are  then  evaporated  to  dryness,  and  the  residue  calcined,  to  remove  a 
little  brown  organic  matter:  the  product  is  the  crude  potash  or  pearlash 
of  commerce,  of  which  very  large  quantities  are  obtained  from  Russia  and 
America.  This  salt  is  very  impure :  it  contains  potassium  silicate,  sulphate, 
chloride,  &c. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from  the  crude 
article  by  adding  an  equal  weight  of  cold  water,  agitating  and  filtering: 
most  of  the  foreign  salts  are,  from  their  inferior  degree  of  solubility,  left 
behind.  The  solution  is  then  boiled  down  to  a  very  small  bulk,  and  suffered 
to  cool,  when  the  carbonate  separates  in  small  crystals  containing  2  mole- 
cules of  water,  COgK^OH,;  these  are  drained  from  the  mother-liquor,  and 
then  dried  in  a  stove. 

A  still  purer  Fait  may  be  obtained  by  exposing  to  a  red-heat  purified  cream 
of  tartar  (acid  potassium  tartrate),  and  separating  the  carbonate  by  solu- 
tion in  water  and  crystallisation,  or  evaporation  to  dryness. 
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Potassium  carbonate  is  extremely  deliqnesoent,  and  soluble  in  less  than 
its  own  weight  of  water :  the  solution  is  highly  alkaline  to  test-paper.  It 
is  insoluble  in  alcohol.  By  heat  the  water  of  crystallization  is  driven  off, 
and  by  a  temperature  of  full  ignition  the  salt  is  fused,  but  not  otherwise 
changed.  This  substance  is  largely  used  in  the  arts,  and  is  a  compound  of 
great  importance. 

Add  potassium  carbonate.  Hydrogen  potassium  carbonate,  or  Mono-potassk 
emrbonaU,  COjKH  =  CO,(KHO) ;  commonly  called  bicarbonate  of  potash.  — 
When  a  stream  of  carbonic  acid  gas  is  passed  through  a  cold  solution  of 
potassium  carbonate,  the  gas  is  rapidly  absorbed,  and  a  white,  crystalline, 
and  leas  soluble  substance  separated,  which  is  the  acid  salt  It  is  collected, 
pressed,  re-dissolved  in  warm  water,  and  the  solution  left  to  crystallise. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal  carbon- 
ate :  it  requires  for  that  purpose  4  parts  of  cold  water.  The  solution  is 
nearly  neutral  to  test-paper,  and  has  a  much  milder  taste  than  the  normal 
sail  When  boiled  it  gives  off  carbon  dioxide.  The  crystals,  which  are 
large  and  beautiful,  derive  their  form  from  a  monoclinic  prism :  they  are 
decomposed  by  heat,  water  and  carbon  dioxide  being  evolved,  and  normal 
carbonate  left  behind : 

2COtKH    =    COsK,    -f     OH,    +    COr 

Potassium  Sulphatbs.  —  Potassium  forms  a  normal  or  neutral  sulphate, 
two  acid  sulphates,  and  an  anhydi'OHulphate. 

Normal  potassium  sulphate,  or  Bipotassic  sulphate,  S04K,  —  SO,(OK),  = 
SOg-OK,,  is  obtained  by  neutralizing  the  acid  residue  left  in  the  retort  wiicn 
nitric  acid  is  prepared,  with  crude  potassium  carbonate.  The  solution 
yields,  on  cooling,  hard  transparent  crystals  of  the  neutral  sulphate,  which 
may  be  re-dissolved  in  boiling  water,  and  re-crystallised. 

Potassium  sulphate  is  soluble  in  about  10  parts  of  cold,  and  in  a  much 
smaller  quantity  of  boiling  water:  it  has  a  bitter  taste,  and  is  neutral  to 
t^t-paper.  The  crystals  are  combinations  of  rhombic  pyramids  and  prisms, 
much  resembling  those  of  quartz  in  figure  and  appearance :  they  arc  anhy- 
drous, and  decrepitate  when  suddenly  heated,  which  is  often  the  case  with 
salts  containing  no  water  of  crystallization.  They  are  quite  insoluble  in 
alcohoL 

Acid  potassium  sulphate.  Hydrogen  and  potassium  sulphate,  or  Monopotassie 
sulphate,  S04KH  =  SO,(OK)(OH)  =  SOs.OKH,  commonly  called  bisulphate 
of  potash.  —  To  obtain  this  salt,  the  neutral  sulphate  in  powder  is  mixed 
with  half  its  weight  of  oil  of  vitriol,  and  the  whole  evaporated  quite  to 
dryness  in  a  platinum  vessel,  placed  under  a  ohimney :  the  fused  salt  is 
dissolved  in  hot  water,  and  left  to  crystallize.  The  crystals  have  the  figure 
of  flattened  rhombic  prisms,  and  are  much  more  soluble  than  the  neutral 
wilt,  requiring  only  twice  their  weight  of  water  at  16  5°,  and  less  than  half 
that  quantity  at  100°.  The  solution  has  a  sour  taste  and  strongly  acid 
reaction. 

Another  acid  sulphate,  containing  (S04)aK4Ht  or  2S04KrS04Ht,  crystal- 
lizing in  fine  needles  resembling  asbestos,  was  obtained  by  Phillips  from  the 
nitrie  acid  residue.  Jacquelain  was  unsuccessful  in  his  attempts  to  repro- 
duce this  compound. 

The  anhydrosulphate,  S04KrSO,  =  2SOsOKy  commonly  called  anhydrous 
hisulphaU  of  potash,  is  obtained  by  dissolving  equal  weights  of  the  normal 
sulphate  and  oil  of  vitriol  in  a  small  quantity  of  warm  distilled  water,  and 
leaving  the  solution  to  cool.  The  anhydrous  sulphate  crystallizes  out  in 
long  delicate  needles,  which  if  left  for  several  days  in  the  mother-liquor, 
disappear,  and  give  place  to  crystals  of  the  ordinary  acid  sulphate  above 
described.     This  salt  is  decomposed  by  a  large  quantity  of  water.* 

*  Jacqnelaln,  Ann.  Chim.  Phys.  [3],  vol.  Tit.  p.  311. 
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Potassium  Sulphides.  —  Potassium  heated  in  sulphur  vapor  burns  with 
great  brilliancy.  It  unites  with  sulphur  in  five  different  proportions, 
forming  the  compounds  SKy  SSK,  SsKy  84Ky  SSKS;  also  a  sulph-hydrate, 
SKH. 

Monosulphide,  SK,.  —  It  is  doubtful  whether  this  compound  has  been  ob- 
tained in  the  pure  state.  It  is  commonly  said  to  be  produced  by  heating 
potassium  sulphate  in  a  current  of  dry  hydrogen,  or  by  igniting  the  same 
salt  in  a  covered  Tessel  with  finely  divided  charcoal ;  but,  according  to 
Bauer,  one  of  the  higher  sulphides  is  always  formed  at  the  same  time,  to- 
gether with  oxide  of  potassium.  The  product  has  a  reddish-yellow  color, 
is  deliquescent,  and  acts  as  a  caustic  on  the  skin.  When  potassium  sulphate 
is  heated  in  a  covered  crucible  with  excess  of  lamp-black,  a  mixture  of  potas- 
sium sulphide  and  finely  divided  carbon  is  obtained,  which  takes  fire  spontane- 
ously on  coming  in  contact  with  the  air.  The  monosulphide  might  perhaps 
be  obtained  pure  by  heating  1  molecule  of  potassium  sulph-hydrate,  KHS, 
with  1  atom  of  the  metal. 

When  sulph-hydric  acid  gas  is  passed  to  saturation  into  a  solution  of 
caustic  potash,  a  solution  of  the  sulph-hydrate  is  obtained,  which  is  color- 
less at  first,  but  if  exposed  to  the  air,  quickly  absorbs  oxygen,  and  turns 
yellow,  in  consequence  of  the  formation  of  bisulphide: 

2SKH    +    0    =    StK,    +    0Hr 

If  a  solution  of  potash  be  divided  into  two  equal  parts,  and  one  half 
saturated  with  hydrogen  sulphide,  and  then  mixed  with  the  other,  a  solu- 
tion is  formed  which  may  contain  potassium  monosulphide : 

SKH     +    OKH    =    SK,    +     OH,. 

But  it  is  also  possible  that  the  hydrate  and  the  sulph-hydrate  may  mix 
without  mutual  decomposition.  The  solution,  when  mixed  with  one  of  the 
stronger  acids,  gives  off  hydrogen  sulphide  without  deposition  of  sulphur, 
a  reaction  which  is  consistent  with  either  view  of  its  constitution. 

The  bisulphide,  82K,,  is  formed,  as  already  observed,  on  exposing  a  solu- 
tion of  the  sulph-hydrate  to  the  air  till  it  begins  to  show  turbidity.  By 
evaporation  in  a  vacuum,  it  is  obtained  as  an  orange-colored,  easily  fusible 
substance. 

The  trisulphide,  SjK,,  is  obtained  by  passing  the  vapor  of  carbon  bisul- 
phide over  ignited  potassium  carbonate,  as  long  as  gas  continues  to  escape: 

2C0,K,    +     3CS,    =    2S,K,    +     4CO     +     COr 

Also,  together  with  potassium  sulphate,  forming  one  of  the  mixtures  called 
liver  of  sulphury  by  melting  552  parts  (4  molecules)  of  potassium  carbonate 
with  820  parts  (10  atoms)  of  sulphur: 

4CO,K2    +     S10    =    S04K,    -f     8S8K,    +    4COr 

The  tetrasulphide,  S4Kr  is  formed  by  reducing  potassium  sulphate  with 
the  vapor  of  carbon  bisulphide. 

The  pentasulphide,  SSK,,  is  formed  by  boiling  a  solution  of  any  of  the 
preceding  sulphides  with  excess  of  sulphur  till  it  is  saturated,  or  by  fusing 
either  of  them  in  the  dry  state  with  sulphur.  The  excess  of  sulphur  then 
separates  and  floats  above  the  dark-brown  pentasulphide. 

Liver  of  sulphur,  or  hepar  sulphurU,  is  a  name  given  to  a  brownish  sub- 
stance, sometimes  used  in  medicine,  made  by  fusing  together  different 
proportions  of  potassium  carbonate  and  sulphur.  It  is  a  variable  mix- 
ture of  the  two  higher  sulphides  with  hyposulphite  and  sulphate  of  po- 
tassium. 

When  equal  parts  of  Bulphur  and  dry  potassium  carbonate  are  melted 
together  at  a  temperature  not  exceeding  250°  C.  (482°  F.),  the  decompose- 
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(ion  of  the  salt  is  quite  complete,  and  all  the  carbon  dioxide  is  expelled. 
The  fused  mass  dissolves  in  water,  with  the  exception  of  a  little  mechan- 
ically mixed  sulphur,  with  dark-brown  color,  and  the  solution  is  found  to 
contain  nothing  besides  pentasulphide  and  hyposulphite  of  potassium : 

80K,    +    S„    ==    2S5K,    +    SjOjK,. 

When  the  mixture  has  been  exposed  to  a  temperature  approaching  that 
of  ignition,  it  is  found,  on  the  contrary,  to  contain  potassium  sulphate, 
arising  from  the  decomposition  of  the  hyposulphite  which  then  occurs : 

4S,OsK,    =     SftK,    -f    8Sfl4Kr 

From  both  these  mixtures  the  potassium  pentasulphide  may  be  extraoted 
by  alcohol,  in  which  it  dissolves. 

When  the  carbonate  is  fused  with  half  its  weight  of  sulphur  only,  the 
bisulphide  is  produced,  as  above  indicated,  instead  of  the  pentasulphide. 

The  effects  described  happen  in  the  same  manner  when  potassium 
hydrate  is  substituted  for  the  carbonate ;  also,  when  a  solution  of  the  hy- 
drate is  boiled  with  sulphur,  a  mixture  *f  sulphide  and  hyposulphite  al- 
ways results. 

Potassium-Baits  are  colorless,  when  not  associated  with  a  colored  metallic 
oxide  or  acid.  They  are  all  more  or  less  soluble  in  water,  and  may  be 
distinguished  by  the  following  characters : 

(1.)  Solution  of  tartaric  acid,  added  in  excess  to  a  moderately  strong  solu- 
tion of  potassium-salt,  gives,  after  some  time,  a  white  crystalline  precipi- 
tate of  cream  of  tartar ;  the  effect  is  greatly  promoted  by  strong  agitation. 

(2.)  Solution  of  platinic  chloride  with  a  little  hydrochloric  acid,  if  neces- 
ni7>  gives*  under  similar  circumstances,  a  crystalline  yellow  precipitate, 
which  is  »  double  salt  of  platinum  tetrachloride  and  potassium  chloride. 
Both  this  compound  and  cream  of  tartar  are,  however,  soluble  in  about  60 
parts  of  cold  water.  An  addition  of  alcohol  increases  the  delicacy  of  both 
tests. 

(&.)  Perchloric  acid,  and  tilieofluoric  acid,  give  rise  to  slightly  soluble  white 
prcipitates  when  added  to  a  potassium-salt. 

(4.)  Potassium-salts  usually  color  the  outer  blowpipe-flame  purple  or 
violet:  this  reaction  is  clearly  perceptible  only  when  the  potassium-salts 
are  pore. 

(5.)  The  spectral  phenomena  exhibited  by  potassium  compounds  are  men- 
tioned at  p.  88. 


SODIUM. 
Atomic  weight,  28.     Symbol,  Na.  (Natrium). 

Sodich  is  a  very  abundant  element,  and  very  widely  diffused.  It  occurs 
in  Urge  quantities  as  chloride,  in  rock-salt,  sea-water,  salt-springs,  and 
many  other  mineral  waters;  more  rarely  as  carbonate,  borate,  and  sul- 
phate, in  solution  or  in  the  solid  state,  and  as  silicate  in  many  minerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery  of  po- 
tassium, and  by  similar  means.  Gay-Lussao  and  Thenard  afterwards  pre- 
pared it  by  decomposing  sodium  hydrate  with  metallic  iron  at  a  white  heat; 
*ad  Brunner  showed  that  it  may  be  prepared  with  much  greater  facility 
by  distilling  a  mixture  of  sodium  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much  easier 
than  that  of  potassium,  not  being  complicated,  or  only  to  a  slight  extent, 
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by  the  formation  of  secondary  product*.  Within  the  last  few  years  it  has 
been  considerably  improved  by  Deville  and  others,  and  carried  oat  on  the 
manufacturing  scale,  sodium  being  now  employed  in  considerable  quantity 
as  a  reducing  agent,  especially  in  the  manufacture  of  aluminium  and  mag- 
nesium, and  in  the  silver  amalgamation  process. 

The  sodium  carbonate  used  for  the  preparation  is  prepared  by  calcining 
the  crystallised  neutral  carbonate.  It  must  be  thoroughly  dried,  then 
pounded  and  mixed  with  a  slight  excess  of  pounded  charcoal  or  coaL  An 
inactive  substance,  vis.  pounded  chalk,  is  also  added  to  keep  the  mixture 
in  a  pasty  condition  during  the  operation,  and  prevent  the  fused  sodium 
carbonate  from  separating  from  the  charcoal.  The  following  are  the  pro- 
portions recommended  by  Deville : 


For  Laboratory  Operation*, 
Dry  sodium  carbonate,      717  parts 

Charcoal 175      " 

Chalk 108     " 


For  Manufacturing  Operation*. 
Dry  sodium  carbonate,     80  kilogr. 

Coal 13      « 

Chalk 3      " 


These  materials  must  be  very  intimately  .mixed  by  pounding  and  sifting 
and  it  is  advantageous  to  calcine  the  mixture  before  introducing  it  into  the 
distilling  apparatus,  provided  the  calcination  can  be  effected  by  the  waste 
heat  of  a  furnace;  the  mixture  is  thereby  rendered  more  compact,  so  that 
a  much  larger  quantity  can  be  introduced  into  a  vessel  of  given  site. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury  bottle 
heated  exactly  in  the  manner  described  for  the  preparation  of  potassium. 
For  manufacturing  operations,  the  mixture  is  introduced  into  iron  cylin- 
ders, which  are  heated  in  a  reverberatory  furnace,  and  so  arranged  that, 
at  the  end  of  the  distillation,  the  exhausted  charge  may  be  withdrawn  and 
a  fresh  charge  introduced,  without  displacing  the  cylinders  or  putting  out 
the  fire.  The  receivers  used  in  either  case  are  the  same  in  form  and  di- 
mensions as  those  employed  in  the  preparation  of  potassium  (p.  291). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is 
nearly  pure;  it  may  be  completely  purified  by  melting  it  under  a  thin  layer 
of  naphtha.  This  liquid  is  decanted  as  soon  as  the  sodium  becomes  per- 
fectly fluid,  and  the  metal  is  run  into  moulds  like  those  used  for  casting 
lead  or  sine. 

Sodium  Chlobidk  ;  Common  Salt,  NaCl.  —  This  very  important  substance 
is  found  in  many  parts  of  the  world  in  solid  beds  or  irregular  strata  of  im- 
mense thickness,  as  in  Cheshire,  Spain,  Galicia,  and  many  other  localities. 
An  inexhaustible  supply  exists  also  in  the  waters  of  the  ocean,  and  large 
quantities  are  obtained  from  saline  springs. 

Rock-salt  is  almost  always  too  impure  for  use.  If  no  natural  brine-spring 
exists,  an  artificial  one  is  formed  by  sinking  a  shaft  into  the  rock-salt,  and, 
if  necessary,  introducing  water.  This  when  saturated  is  pumped  up,  and 
evaporated  more  or  less  rapidly  in  large  iron  pans.  As  the  salt  separates, 
it  is  removed  from  the  bottom  of  the  vessel  by  means  of  a  scoop,  pressed 
while  still  moist  into  moulds,  and  then  transferred  to  the  drying-stove. 
When  large  crystals  are  required,  as  for  the  coarse-grained  bay-saH  used  in 
curing  provisions,  the  evaporation  is  slowly  conducted.  Common  salt  is 
apt  to  be  contaminated  with  magnesium  chloride. 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately  dry  air. 
It  crystallizes  in  anhydrous  cubes,  which  are  often  grouped  together  into 
pyramids,  or  steps.  It  requires  about  2 J  parts  of  water  at  15*6°  C.  (60° 
F.)  for  solution,  and  its  solubility  is  not  sensibly  increased  by  heat;  it  dis- 
solves to  some  extent  in  spirit  of  wine,  but  is  nearly  insoluble  in  absolute 
alcohol.  It  melts  at  a  red  heat,  and  is  volatile  at  a  still  higher  temperature. 
The  economical  uses  ofoomng*  jnlt  are  well  known. 
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The  iodide  and  bromide  of  sodium  much  resemble  the  corresponding  potas- 
sium-compounds: they  crystallise  in  cubes  which  are  anhydrous,  and  very 
soluble  in  water. 

Sodium  Oxides.  —  Sodium  forms  a  monoxide  and  a  dioxide ;  also  a  hy- 
drate corresponding  to  the  former. 

Sodium  Monoxide,  or  Anhydrous  Soda,  ONar  is  produced,  together  with 
the  dioxide,  when  sodium  burns  in  the  air,  and  may  be  obtained  pure  by 
exposing  the  dioxide  to  a  very  high  temperature ;  or  by  heating  sodium 
hydrate  with  an  equivalent  quantity  of  sodium :  20NaH  -f  Na,  =  20Nas 
-f  Hr  It  is  a  gray  mass,  which  melts  at  a  red  heat,  and  volatilizes  with 
difficulty. 

Sodium  Hydrate,  or  Caustic  Soda,  ONaH  or  ONar  OHr  —  This  substance 
is  prepared  by  decomposing  a  somewhat  dilute  solution  of  sodium  carbonate 
with  calcium  hydrate :  the  description  of  the  process  employed  in  the  case 
of  potassium  hydrate,  and  the  precautions  necessary,  apply  word  for  word 
to  that  of  sodium  hydrate. 

The  solid  hydrate  is  a  white,  fusible  substance,  very  similar  in  properties 
to  potassium  hydrate.  It  is  delfqnescent,  but  dries  up  again  after  a  time 
in  consequence  of  the  absorption  of  carbonic  acid.  The  solution  is  highly 
alkaline,  and  a  powerful  solvent  for  animal  matter:  it  is  used  in  large 
quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly  determined 
from  a  knowledge  of  its  density,  by  the  aid  of  the  following  table  drawn 
op  by  Dal  ton: 

TABLE  Or  PERCENTAGE   OF   ANHYDROUS    SODA,    ONa,    IN   SOLUTIONS    OF 
DIFFERENT   DEN8ITT. 

Percentage  of 

anhydrous  soda. 

.     290 

260 

.    230 

19-0 

.    160 

13-0 

.      9-0 

4-7 

8odnm  Dioxide,  0,17a,.  — Sodium,  when  heated  to  about  200°  in  a  current 
of  dry  air,  absorbs  oxygen,  and  is  converted  into  dioxide :  this  substance  is 
white,  but  becomes  yellow  when  heated,  which  tint  it  again  loses  on  cool- 
ing. It  is  soluble  in  water  without  decomposition :  the  solution  may  be 
evaporated  under  the  receiver  of  the  air-pump,  and,  when  sufficiently  con- 
centrated, deposits  crystalline  plates  having  the  composition  02Na,*80Hr 
These  crystals  left  to  effloresce  over  oil  of  vitriol  for  nine  days  lose  three 
fourths  of  their  water,  and  yield  another  hydrate  containing  02Nar20Ht 
(Harcourt).  The  aqueous  solution  of  sodium  dioxide  when  heated  on  the 
water-bath,  is  decomposed  into  oxygen  and  the  monoxide. 

Sodito  Carbonates. — The  Neutral  or  Disodic  Carbonate,  CO8Naa.10OHr 
was  once  exclusively  obtained  from  the  ashes  of  sea-weeds,  and  of  plants, 
such  as  the  Salsola  soda,  which  grow  by  the  sea-side,  or,  being  cultivated 
in  suitable  localities  for  the  purpose,  are  afterwards  subjected  to  incinera- 
tion. The  barilla,  still  employed  to  a  small  extent  in  soap-making,  is  thus 
produced  in  several  places  on  the  coast  of  Spain,  as  Alicante,  Carthagena, 
&c.    That  made  in  Brittany  is  called  varee. 

26 


Density. 

Percentage  of 
anhydrous  soda. 

Density. 

2-00     . 

.    77-8 

1-40 

1-86 

63-6 

1-36 

1-72     . 

.    63-8 

1-82 

1-63 

46-6 

1-29 

1-65     . 

.    41-2 

1-23 

1-50 

86-8 

118 

1-47     . 

.    840 

112 

1-44 

810 

106 
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Sodium  carbonate  is  now  manufactured  on  a  stupendous  scale  from  com- 
mon salt  by  a  series  of  processes  which  may  be  divided  into  two  stages :  — 

(1.)  Manufacture  of  sodium  sulphate,  or  salt-cake,  from  sodium  chloride 
(common  salt);  this  is  called  the  salt-cake  process. 

(2.)  Manufacture  of  sodium  carbonate,  br  soda-ash;  called  the  soda-ash 
process. 

(1.)  Salt-cake  process. — This  process  consists  in  the  decomposition  of 
common  salt  by  sulphuric  acid,  and  is  effected  in  a  furnace  called  the  Salt- 
cake  furnace,  or  which  fig.  164  represents  a  section.     It  consists  of  a  large 

/Vf.164. 


covered  iron  pan,  placed  in  the  centre,  and  heated  by  a  lire  underneath ; 
and  two  roasters,  or  reverberatory  furnaces,  placed  one  at  each  end,  and  on 
the  hearths  of  whioh  the  salt  is  completely  decomposed.  The  charge  of 
half  a  ton  of  salt  is  first  placed  in  the  iron  pan,  and  then  the  requisite 
quantity  of  sulphuric  acid  is  allowed  to  pass  in  upon  it.  Hydrochloric  acid 
is  evolved,  and  escapes  through  a  flue,  with  the  products  of  combustion, 
into  towers  or  scrubbers,  filled  with  coke  and  bricks  moistened  with  a  stream 
of  water;  the  whole  of  the  acid  vapors  are  thus  condensed,  and  the  smoke 
and  heated  air  pass  up  the  chimney.  After  the  mixture  of  salt  and  acid 
has  been  heated  in  the  iron  pan,  it  becomes  converted  into  a  solid  mass  of 
acid  sodium  sulphate  and  undecomposed  sodium  chloride : 

2NaCl    +    S04Ha    =    NaCl    +     S04NaH    +    HCL 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of  the  decom- 
posing pan,  where  the  flame  and  heated  air  of  the  fire  complete  the  decom- 
position into  neutral  sodium  sulphate  and  muriatic  acid : 

NaCl    +    S04NaH    =    S04Nat    +    HCL 

(2.)  Soda-ash  process.  —  The  sulphate  is  next  reduced  to  powder,  and 
mixea  with  an  equal  weight  of  chalk  or  limestone,  and  half  as  much  small 
coal,  both  ground  or  crushed.  The  mixture  is  thrown  into  a  reverberatory 
furnace,  and  heated  to  fusion,  with  constant  stirring,  2  cwts.  are  about  the 
quantity  operated  on  at  once.  When  the  decomposition  is  judged  complete, 
the  melted  matter  is  raked  from  the  furnace  into  an  iron  trough,  where  it 
is  allowed  to  cool.  This  crude  product,  called  black  ash  or  ball-soda,  is 
broken  up  into  little  pieces,  when  cold,  and  lixiviated  with  cold  or  tepid 
water.  The  solution  is  evaporated  to  dryness,  and  the  salt  calcined  with  a 
little  sawdust  in  a  suitable  furnace.  The  product  is  the  soda-ash,  or  British 
alkali  of  commerce,  which,  when  of  good  quality,  contains  from  48  to  52 
per  cent,  of  anhydrous  soda,  ONn^  partly  in  the  state  of  carbonate,  and 
partly  as  hydrate,  the  remainder  being  chiefly  sodium  sulphate  and  common 
salt,  with  occasional  traces  of  sulphite  or  hyposulphite,  and  also  cyanide 
of  sodium.  By  dissolving  soda-ash  in  hot  water,  filtering  the  solution,  and 
then  allowing  it  to  cool  slowly,  the  carbonate  is  deposited  in  large  trans- 
parent crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sulphate  with 
chalk  and  coal-dust  seems  to  consist,  first,  in  the  conversion  of  the  sodium 
sulphate  into,  sulphide  by  the  aidj  of  the  combustible  matter,  and,  secondly, 
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in  the  interchange  of  elements  between  that  substance  and  the  calcium  car- 
bonate: 


SNa,       +       CO,Ca 
Sodium              Calcium 

=       SCa       -f       COjNa, 

Calcium             Sodium 

sulphide.           carbonate. 

sulphide.         carbonate. 

Other  processes  hare  been  proposed,  and  even  carried  into  execution; 
but  the  above,  which  was  originally  proposed  by  Leblanc,  is  found  most 
advantageous. 

The  ordinary  crystals  of  sodium  carbonate  contain  ten  molecules  of 
water ;  but  by  particular  management  the  same  salt  may  be  obtained  with 
fifteen,  nine,  seven,  molecules,  or  sometimes  with  only  one.  The  common 
form  of  the  crystals  is  derived  from  an  oblique  rhombic  prism;  they 
effloresce  in  dry  air,  and  crumble  to  a  white  powder.  Heated,  they  fuse  in 
their  water  of  crystallization ;  when  the  latter  has  been  expelled,  and  the 
dry  salt  exposed  to  a  full  red  heat,  it  melts  without  undergoing  change.  The 
eommon  crystals  dissolve  in  two  parts  of  cold,  and  in  less  than  their  own 
weight  of  boiling  water :  the  solution  has  a  strong,  disagreeable,  alkaline 
taste,  and  a  powerfully  alkaline  reaction. 

Hydrogen  and  Sodium  Carbonate,  Hydrosodie  Carbonate,  Monosodie  Car- 
bonate, Acid  Sodium  Carbonate,  CO,NaH,  or  CO,Na,.CO,Hr  commonly  called 
Bicarbonate  of  soda.  —  This  salt  is  prepared  by  passing  carbonic  acid  gas 
into  a  cold  solution  of  the  neutral  carbonate,  or  by  placing  the  crystals  in 
an  atmosphere  of  the  gas,  which  is  rapidly  absorbed,  while  the  crystals 
lose  the  greater  part  of  their  water,  and  pass  into  the  new  compound. 

Monosodic  carbonate,  prepared  by  either  process,  is  a  crystalline  white 
powder,  which  cannot  be  re-dissolved  in  warm  water  without  partial  de- 
composition. It  requires  10  parts  of  water  at  15*5°  for  solution :  the  liquid 
is  feebly  alkaline  to  test-paper,  and  has  a  much  milder  taste  than  that  of 
the  simple  carbonate.  It  does  not  precipitate  a  solution  of  magnesia.  By 
exposure  to  heat,  the  salt  is  converted  into  neutral  carbonate. 

Dikydro-tetrasodic  Carbonate,  (CO,)sNa4Ha .  20Hr —  This  salt,  commonly 
called  sesquiearbonate  of  soda,  may  be  regarded  as  a  compound  of  the  neutral 
ind  acid  salts  just  described  (C0,Nar2C0sNaH).  It  occurs  native  on  the 
banks  of  the  soda  lakes  of  Sokenna,  near  Feizan,  in  Africa,  where  it  is  called 
trow;  also  as  urao,  at  the  bottom  of  a  lake  in  Maracaibo,  South  America. 
It  is  produced  artificially,  though  with  some  difficulty,  by  mixing  the  mo- 
nosodic and  disodic  carbonates  in  the  proportions  above  indicated,  melting 
them  together,  drying  and  exposing  the  dried  mass  in  a  cellar  for  some 
weeks;  it  then  absorbs  water,  becomes  crystalline,  and  contains  spaces 
filled  with  the  tetrasodic  carbonate. 

Sodium  and  Potassium  Carbonate,  COsNaK .  60 Hr  separates  in  monoclinio 
crystals  from  a  solution  containing  the  two  carbonates  in  equivalent  pro- 
portions. 

A  mixture  of  these  two  carbonates  in  equivalent  proportions  melts  at  a 
much  lower  heat  than  either  of  the  salts  separately ;  such  a  mixture  is 
very  useful  in  the  fusion  of  silicates,  &c- 

Alkalimetry.  —  Analysis  of  Alkaline  Hydrates  and  Carbonates, 

The  amount  of  alkali  or  alkaline  oarbonate  in  commercial  potash,  soda, 
or  ammonia,  is  estimated  by  determining  the  quantity  of  an  acid  of  given 
strength  required  to  neutralize  a  given  weight  of  the  sample.  The  estima- 
tion depends  upon  the  facts  that  the  alkaline  salts  of  strong  acids  (sul- 
phuric, oxalic,  &e.)  are  neutral  to  litmus;  and  that  the  violet  solution  of 
litmus  is  colored  blue  by  caustic  alkalies  or  alkaline  carbonates,  wine-red 
by  carbonic  acid,  and  light  red  by  strong  acids. 
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The  first  step  is  the  preparation  of  the  standard  acid.  It  is  best  to  make 
this  liquid  of  such  strength  that  1000  cubic  centimetres  (1  litre)  shall 
contain  exactly  one  }  gram-molecule  (t.  e.t  1  molecule  expressed  in  }  grams) 
of  the  acid. 

About  70  grams  of  concentrated  sulphuric  acid  are  diluted  with  about 
600  grams  of  water ;  when  the  mixture  is  cool,  the  volume  of  it  necessary 
to  saturate  6-3  grams  (one  ^-decigram-molecule)  of  pure  anhydrous  sodium 
carbonate,  CO,Nap  is  determined.*  For  this  purpose  5*3  grams  of  freshly 
ignited  sodium  carbonate  are  dissolved  in  hot  water,  the  solution  colored 
blue  with  a  few  drops  of  litmus,  and  the  acid  added  from  a  burette  or  al- 
kalimeter  (p.  305),  at  last  drop  by  drop,  till  the  color  just  passes  from 
wine-red  to  light  red,  and  till  strips  of  litmus-paper,  moistened  with  the 
solution  begin  to  retain  the  color  when  dry.  The  volume  of  acid  employed 
is  then  noted,  and  the  whole  diluted  so  as  to  approximate  to  the  required 
strength.  Suppose,  for  instance,  87  cubic  centimetres  of  acid  have  been 
used ;  water  is  then  added  till  every  100  volumes  is  diluted  to  250  volumes, 
and  another  determination  is  made.  If  00  cubic  centimetres  are  now  re- 
quired to  saturate  the  ^-decigram  alkaline  solution,  every  90  volumes  of  the 
acid  must  be  diluted  to  100,  and  the  result  controlled  by  a  fresh  determina- 
tion; 100  cubic  centimetres  of  this  acid  should  exactly  saturate  5-3  grams 
of  sodium  carbonate,  and  will  contain  1  half-decigram-molecule  of  acid ; 
2  cubio  centimetres  will  therefore  contain  1  milligram-molecule  (0*098 
gram)f  and  will  saturate  2  milligram-molecules  of  an .  alkali  (OKH  or 
ONali),  or  1  milligram-molecule  of  an  alkaline  carbonate  (CO,K,  or  CO,Na,). 

To  estimate  the  proportion  of  alkali  in  a  commercial  sample,  a  weighed 
portion  of  the  substance  is  dissolved  in  water  (if  a  solid),  a  few  drops  of 
litmus  added,  and  the  standard  acid  added  from  a  burette,  until  the  first 
permanent  appearance  of  a  light  red  color ;  and  the  volume  of  acid  em- 
ployed is  read  off.  Each  cubic  centimetre  of  acid  corresponds  to  1  milli- 
gram-molecule of  alkali,  or  1  half  milligram-molecule  of  alkaline  carbonate; 
i.  «.,  to  0  053  gram  sodium  carbonate,  COsNar  0  069  gram  potassium  carbo- 
nate, CO,Kr  0.0 JO  gram  caustic  soda  ONaH,  O-056  gram  caustic  potash  OKH, 
and  0*01/  gram  ammonia  NH,;  and  a  simple  proportion  gives  the  amount 
of  alkali  or  alkaline  carbonate  present  (e.  g.  100  :  6-9  : :  number  of  cubic 
centimetres  employed:  potassium  carbonate  present).  By  operating  on 
100  times  the  J-milligram-molecule  U.  g.  6*9  grams  in  the  case  of  potassium 
carbonate,  5-3  grams  in  the  case  of  sodium  carbonate),  all  calculation  is 
saved:  for  as  this  amount,  if  present,  would  require  100  cubic  centimetres 
of  acid  for  its  saturation,  the  number  of  cubic  centimetres  actually  required 
at  once  indicates  the  percentage  of  alkaline  carbonate.  The  burettes 
commonly  used  contain  50  cubic  centimetres,  and  are  graduated  into  half 
cubio  centimeters ;  so  that  by  operating  on  50  times  the  J-milligram-mole- 
cule,  the  number  of  divisions  employed  indicates  the  percentage. 

Sometimes,  instead  of  exactly  neutralizing  the  alkali  with  the  standard 
acid,  it  is  better  to  add  the  acid  till  the  litmus  assumes  a  distinct  light-red 
color,  then  heat  the  solution  to  boiling,  and  add  a  small  excess  (5  to  10 
cubic  centimetres)  of  acid.  The  hot  solution  is  freed  from  carbonic  acid  by 
agitation  and  by  drawing  air  through  it  with  a  glass  tube  ;  and  then  neu- 
tralised with  a  standard  solution  of  caustic  soda  (100  cubic  centimetres  of 
which  exactly  saturate  100  cubic  centimetres  of  the  standard  acid)  till  the 
color  just  changes  from  red  to  bine.  Since  the  acid  and  alkaline  solutions 
neutralize  each  other  volume  for  volume,  it  is  only  necessary  to  deduct  the 
number  of  cubic  oentimetres  employed  of  the  latter  from  that  of  the  former, 
and  calculate  the  amount  of  alkali  from  the  residue.  This  method,  called 
the  indirect  or  residual  method,  is  preferable  to  the  direct  method  previously 

•  The  molecule  of  •odium  carbonate  GO^Na.  weighs  12  +  48  +  46  =  106. 
f  The  molecular  weight  of  wlphnric  add  SO«H,  laM»32  +  64  +  2. 
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described,  for  the  analysis  of  carbonates,  since  the  change  from  blue  to 
red  is  more  distinctly  marked  than  that  from  one  shade  of  red  to  another. 
The  standard  solution  of  caustic  soda  must  be  kept  in  a  flask,  into  the 
cork  of  which  is  inserted  a  calcium  chloride  tube  filled  with  a  mixture  of 
sodium  sulphate  and  quicklime,  which  effectually  prevents  the  absorption 
of  carbonic  acid.  If  the  burette  be  olosed  with  a  similar  tube,  the  soda  so- 
lution may  remain  in  it  for  days. 


The  "alkalimeter"  or  "burette"  is  a  glass  tube  (fig.  165) 

,  the  other, 


Jty.166. 


closed  at  one  end,  and  moulded  into  a  spout  or  lip  at  ( 
and  marked  with  any  convenient  scale  of  equal  parts,  generally, 
as  above  mentioned,  into  100  half  cubic  centimetres.*  A  strip  of 
paper  is  pasted  on  the  tube  and  suffered  to  dry,  after  which  the 
instrument  is  graduated  by  counterpoising  it  in  a  nearly  upright 
position  in  the  pan  of  a  balance  of  moderate  delicacy  and  weigh- 
ing into  it,  in  succession,  5,  10,  15,  20,  &c,  grams  of  distilled 
water  at  4°  0.  (39-2  F.)  until  the  whole  quantity,  amounting  to  50 
grams  (50  cubic  centimetres),  has  been  introduced,  the  level  of  the 
water  in  the  tube  being,  after  each  addition,  carefully  marked 
with  a  pen  upon  the  strip  of  paper,  while  the  tube  is  held  quite 
upright,  and  the  mark  made  between  the  top  and  bottom  of  the 
cure  formed  by  the  surface  of  the  water.  The  smaller  divisions 
of  the  scale,  of  a  half  cubic  centimetre  each,  may  then  be  made 
by  dividing  with  compasses  each  of  the  spaces  into  10  equal 
parts.  When  the  graduation  is  complete,  and  the  operator  is 
satisfied  with  its  accuracy,  the  marks  may  be  transferred  to  the 
tube  itself  by  a  sharp  tile,  and  the  paper  removed  by  a  little 
warm  water.  The  numbers  are  scratched  on  the  glass  with  the 
hard  end  of  the  same  file,  or  with  a  diamond.  Or  the  glass  is 
covered  with  etching  wax,  the  scale  traced  upon  it  with  a  fine 
needle  point,  and  the  marks  etched  by  exposing  the  tube  to  the  Tapor  of 
hydrofluoric  acid. 
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•  It  may  also  1m  divided  into  1000  grain-measures,  the  grain-measure  being  the  capacity  of  a 
grata  of  distilled  water  at  00°  *.;  70,000  such  measures  go  to  an  imperial  gallon,  and  8,760  to 
apial 

26* 


306  MONAD  MKTALS. 

The  alkalimeter,  represented  in  fig.  166,  is  the  simplest  form  of  this  in- 
strument. The  pouring  out  of  minute  quantities  is,  however,  greatly  facil- 
itated by  providing  the  measure  with  a  narrow  dropping  tube,  fig.  166, 
the  lower  extremity  of -which  is  soldered  into  the  measure,  while  the  upper 
one  is  bent  outward  and  sharply  cut  off.  This  kind  of  burette,  which  is 
known  as  Oay-Lussac's,  is  chiefly  used  in  France.  The  liquid  may  be  very 
conveniently  poured  from  it ;  but  it  is  rather  easily  broken,  so  that  its 
manipulation  requires  a  good  deal  of  care.  This  defect  is  greatly  obviated 
in  the  burette,  fig.  167,  in  whioh  the  graduated  tube  is  provided'  with 
a  spout  at  the  top,  there  being  at  the  same  time  an  orifice  for  pouring  in 
the  liquid. 

A  very  elegant  instrument  has  been  contrived  by  Dr.  Mohr  of  Coblents. 
It  is  a  graduated  tube,  drawn  out  at  one  end  to  a  point,  to  which  is  at- 
tached, by  means  of  a  narrow  vulcanised  caoutchouc  tube,  a  short  glass 
tube,  likewise  drawn  out  to  a  point  (fig.  108).  There  is  a  small  space 
(about  J  inch)  between  the  two  tubes,  upon  which  is  fixed  a  metallic  clamp, 
a,  represented  in  its  actual  dimensions  in  fig.  169.  This  clamp  shuts  off 
the  connection  between  the  graduated  cylinder  and  the  small  glass  tube. 
But  by  pressing  with  the  fingers  upon  the  ends,  b  b,  of  this  clamp,  it  opens, 
and  allows  the  liquid  to  flow  out  of  the  lower  tube.  It  is  evident  that  by 
this  arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nicety. 

It  is  often  desirable,  in  the  analysis  of  carbonates,  to  determine  directly 
the  proportion  of  carbonic  acid:  the  following  methods  leave  nothing  to 
be  desired  in  point  of  precision : 

A  small  light  glass  flask  of  three  or  four  ounces  capacity,  with  lipped 
edge,  is  chosen,  and  a  cork  fitted  to  it.  A  piece  of  tube  about  three  inches 
long  is  drawn  out  at  one  extremity,  and  fitted,  by  means  of  a  small  cork 
and  a  bit  of  bent  tube,  to  the  cork  of  the  flask.  This  tube  is  filled  with 
fragments  of  calcium  chloride,  prevented  from  escaping  by  a  little  cotton 
at  either  end :  the  joints  are  secured  by  sealing-wax.  A  short  tube,  closed 
at  one  extremity,  and  small  enough  to  go  into  the  flask,  is  also  provided, 
and  the  apparatus  is  complete.     Fifty  grains  of  the  carbonate  to  be  exam- 


Fig,  169.  fig.  170.  Fig.  171. 


ined  are  carefully  weighed  out  and  introduced  into  the  flask,  together  with 
a  little  water;  the  small  tube  is  then  filled  with  oil  of  vitriol,  and  placed 
in  the  flask  in  a  nearly  upright  position,  and  leaning  against  its  side  in 
such  a  manner  that  the  acid  does  not  escape.  The  cork  and  calcium  chlor- 
ide tube  are  then  adjusted,  and  the  whole  apparatus  accurately  counter- 
poised on  the  balance  This  done,  the  flask  is'  slightly  inclined,  so  that  the 
oil  of  vitriol  may  slowly  mix  with  the  other  substances  and  decompose  the 
carbonate,  the  gas  from  which  escapes  in  a  dry  state  from  the  extremity 
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of  the  tube.  When  the  action  has  entirely  ceased,  the  liquid  is  heated 
until  it  boils,  and  the  steam  begins  to  condense  in  the  drying-tube ;  it  is 
then  left  to  cool,  and  weighed,  when  the  loss  indicates  the  quantity  of 
carbon  dioxide.  The  acid  must  be  in  excess  after  the  experiment.  When 
ealcinm  carbonate  is  thus  analyzed,  hydrochloric  acid  must  be  substituted 
for  the  sulphuric  acid. 

Instead  of  the  above  apparatus,  a  neat  arrangement  may  be  used,  which 
was  first  suggested  by  Will  and  Fresenius.  It  consists  of  two  small  glass 
flasks,  a  and  n,  the  latter  being  somewhat  smaller  than  the  former.  Each 
of  the  flasks  is  provided  with  a  doubly  perforated  cork.  A  tube,  open  at 
both  ends,  but  closed  at  the  upper  extremity  by  means  of  a  small  quantity 
of  wax,  passes  through  the  cork  of  a  to  the  very  bottom  of  the  flask, 
whilst  a  second  tube,  reaching  to  the  bottom  of  b,  establishes  a  communi- 
cation between  the  two  flasks.  The  cork  of  b  is  provided,  moreover,  with 
a  short  tube  d.  In  order  to  analyze  a  carbonate,  a  suitable  quantity  (fifty 
grains)  is  put  into  a,  together  with  some  water,  b  is  half  filled  with  con- 
centrated sulphuric  acid,  the  apparatus  tightly  fitted  and  weighed.  A 
small  quantity  of  air  is  now  sucked  out  of  flask  b  by  means  of  the  tube  rf, 
whereby  the  air  in  a  is  likewise  rarefied.  On  allowing  the  air  to  return, 
a  quantity  of  the  sulphuric  acid  ascends  to  the  tube  c,  and  flows  over  into  flask 
a,  causing  a  disengagement  of  carbon  dioxide,  which  escapes  at  d,  after 
haying  been  perfectly  dried  by  passing  through  the  bottle  b.  This  opera- 
tion is  repeated  until  the  whole  of  the  carbonate  is  decomposed,  and  the 
process  terminated  by  opening  the  wax  stopper,  and  drawing  a  quantity  of 
air  through  the  apparatus.  The  apparatus  is  now  re-weighed.  The  dif- 
ference of  the  two  weighings  expresses  the  quantity  of  carbon  dioxide  in 
the  compound  analyzed. 

Sodium  Sulphate,  8O4Nar10OHr  commonly  called  Glauber'*  salt,  is  a 
by-product  in  several  chemical  operations  and  an  intermediate  product  in 
the  manufacture  of  the  carbonate  as  above  described:  it  may  of  course  be 
prepared  directly,  if  wanted  pure,  by  adding  dilute  sulphuric  acid,  to  sat- 
uration, to  a  solution  of  sodium  carbonate.  It  crystallizes  in  forms  de- 
rived from  an  oblique  rhombic  prism:  the  crystals  contain  10  molecules  of 
water,  are  efflorescent,  and  undergo  watery  fusion  when  heated,  like  those 
of  the  carbonate:  they  are  soluble  in  twice  their  weight  of  cold  water, 
and  rapidly  increase  in  solubility  as  the  temperature  of  the  liquid  rises 
to  33°  C.  (91*5°  F),  when  a  maximum  is  reached,  100  parts  of  water  dis- 
solving 117*9  parts  of  the  salt,  corresponding  to  62  parts  anhydrous  sodium 
sulphate.  When  the  salt  is  heated  beyond  this  point,  the  solubility  dimin- 
ishes, and  a  portion  of  sulphate  is  deposited.  A  warm  saturated  solution, 
evaporated  at  a  high  temperature,  deposits  opaque  prismatic  crystals, 
which  are  anhydrous.  The  salt  has  a  slightly  bitter  taste,  and  is  purga- 
tive.   Mineral  springs  sometimes  contain  it,  as  that  at  Cheltenham. 

Sodium  and  Hydrogen  Sulphate,  or  Acid  Sodium  Sulphate,  2S04NaH  30Hr 
or  S04Na,  S04Hr30Hr  commonly  called  bisulphate  of  soda,  is  prepared  by 
adding  to  10  parts  of  the  anhydrous  neutral  sulphate,  7  of  oil  of  vitriol, 
evaporating  the  whole  to  dryness,  and  gently  igniting.  The  acid  sulphate 
is  very  soluble  in  water,  and  has  an  acid  reaction.  It  is  not  deliquescent. 
When  very  strongly  heated,  the  fused  salt  gives  up  anhydrous  sulphuric 
acid,  and  becomes  neutral  sulphate;  a  change  which  necessarily  supposes 
the  previous  formation  of  an  anhydro-bisulphate,  S04Na2.SO,. 

Sodium  Hyposulphite,  S2OsNar — There  are  several  modes  of  procur- 
ing this  salt,  which  is  now  used  in  considerable  quantity  for  photographic 
purposes  and  as  antichlore.  One  of  the  best  is  to  form  neutral  sodium  sul- 
phite, by  passing  a  stream  of  well- washed  sulphurous  oxide  gas  into  a 
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strong  solution  of  sodium  carbonate,  and  then  digest  the  solution  with 
sulphur  at  a  gentle  heat  during  several  days.  By  careful  evaporation  at  a 
moderate  temperature,  the  salt  is  obtained  in  large  and  regular  crystals, 
which  are  Tery  soluble  in  water. 

Sodium  Nitrate,  NO,Na.  —  This  salt,  sometimes  called  Cubic  Nitre,  or 
Chile  Saltpetre,  occurs  native,  and  in  enormous  quantity,  at  Tarapaca  in 
Northern  Peru,  where  it  forms  a  regular  bed,  of  great  extent,  along  with 
gypsum,  common  salt,  and  remains  of  recent  shells.  The  pure  salt  com- 
monly cryBtalliies  in  rhombohedrons,  resembling  those  of  calcareous  spar. 
It  is  deliquescent,  and  very  soluble  in  water.  Sodium  nitrate  is  employed 
for  making  nitrio  acid,  but  cannot  be  used  for  gunpowder,  as  the  mixture 
burns  too  slowly,  and  becomes  damp  in  the  air.  It  has  been  lately  used 
with  some  success  in  agriculture  as  a  superficial  manure  or  top-dressing ; 
also  for  preparing  potassium  nitrate  (p.  294). 

SonirM  Phosphates.  —  The  composition  and  chemical  relations  of 
these  salts  have  already  been  explained  in  speaking  of  the  basicity  of 
acids  (p.  285). 

Disodiohydric  Phosphate,  or  Duodie  Orthophosphate ;  Common  Tribune  Phos- 
phate, PO.NajH.lSOH,.  —  This  salt  is  prepared  by  precipitating  the  acid 
calcium  phosphate  obtained  in  decomposing  bone-ash  by  sulphuric  acid, 
with  a  slight  excess  of  sodium  carbonate,  and  evaporating  the  clear  liquid. 
It  crystallizes  in  oblique  rhombic  prisms,  which  are  efflorescent.  The 
crystals  dissolve  in  4  parts  of  cold  water,  and  undergo  the  aqueous  fusion 
when  heated.  The  salt  is  bitter  and  purgative;  its  solution  is  alkaline  to 
test-paper.  Crystals  containing  7  molecules  of  water,  and  having  a  form 
different  from  that  above  mentioned,  have  been  obtained. 

A  trisodic  orthophosphate,  sometimes  called  subphosphate,  P04Nat  120H_  is 
obtained  by  adding  a  solution  of  caustic  soda  to  the  preceding  salt.  The 
crystals  are  slender  six-sided  prisms,  soluble  in  5  parts  of  cold  water.  It 
iB  decomposed  by  acids,  even  carbonic,  but  suffers  no  change  by  heat,  ex- 
cept the  loss  of  its  water  of  crystallization.  Its  solution  is  strongly  alka- 
line. A  third  tribasic  phosphate,  often  called  superphosphate  or  Diphos- 
phate, P04NaH,.OHr  may  be  obtained  by  adding  phosphoric  acid  to  the 
ordinary  phosphate,  until  it  ceaseB  to  precipitate  barium  chloride,  and 
exposing  the  concentrated  solution  to  cold.  The  crystals  are  prismatic, 
very  soluble,  and  have  an  acid  reaction.  When  strongly  heated,  the  salt 
becomes  changed  into  monobasic  sodium  phosphate,  or  m  eta  phosphate. 

Sodium,  Ammonium,  and  Hydrogen  Phosphate;  Phosphorous  Salt;  Micro- 
cosmic  Salt,  PO<.Na(NH4)H.40Hf. — Six  parts  of  common  sodium  phosphate 
are  heated  with  two  of  water,  until  the  whole  is  liquefied,  and  1  part  of 
powdered  sal-ammoniac  is  added ;  common  salt  then  separates,  and  may  be 
removed  by  a  filter,  and  from  the  solution,  duly  concentrated,  the  micro- 
cosmic  salt  is  deposited  in  prismatic  crystals,  which  may  be  purified  by 
one  or  two  re-crystallizations.  Microcosmic  salt  is  very  soluble.  When 
gently  heated,  it  parts  with  its  4  molecules  of  crystallization  water,  and,  at 
a  higher  temperature,  the  basic  hydrogen  is  likewise  expelled  as  water, 
together  with  ammonia,  and  a  very  fusible  compound,  sodium  metaphos- 
phate,  remains,  which  is  valuable  as  a  flux  in  blow-pipe  experiment*. 
Microcosmic  salt  occurs  in  decomposed  urine. 

Tetrasodic  Phosphate  or  Sodium  Pyrophosphate,  P,O7Na410OHr  is  prepared 
by  strongly  heating  common  disodic  orthophosphate,  dissolving  the  residue 
in  water?  and  re-crystallizing.  The  crystals  are  very  brilliant,  permanent 
in  the  air,  and  less  soluble  than  the  original  phosphate :  their  solution  is 
alkaline.  A  sodiohydric  pyrophosphate  has  been  obtained;  but  it  does  not 
crystallize. 
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Mbnosodic  Phosphate,  or  Sodium  Metaphosphate,  POsNa,  is  obtained  by  heat- 
ing either  the  acid  tribasic  phosphate,  or  microcosmic  salt.  It  is  a  trans- 
parent glassy  substance,  fusible  at  a  dull  red  heat,  deliquescent,  and  very 
soluble  in  water.     It  refuses  to  crystallize,  but  dries  up  into  a  gum-like 


If  this  glassy  phosphate  be  cooled  very  slowly,  it  separates  aB  a  beauti- 
fully crystalline  mass.  It  may  be  purified  by  means  of  boiling  water  from 
the  vitreous  metaphosphate,  which  will  not  crystallize.  Another  metrfphos- 
phate  has  been  obtained  by  adding  sodium  sulphate  to  an  excess  of  phos- 
phoric acid,  evaporating  and  heating  to  upwards  of  316°  ( 600°  F. ).  Possibly 
these  several  metaphosphates  may  be  represented  by  the  formulae  PO,Na, 
P/^ffa,,  and  PjO^a..     (Graham.) 

The  tribasic  phosphates  or  orthophosphates  give  a  bright-yellow  precipi- 
tate with  solution  of  silver  nitrate ;  the  bibasic  and  monobasic  phosphates 
afford  white  precipitates  with  the  same  substance.  The  salts  of  the  two 
latter  classes,  fused  with  excess  of  sodium  carbonate,  yield  orthophosphoric 
acid. 

Respecting  the  phosphates  intermediate  in  composition  between  the  meta- 
phosphate and  pyrophosphate  of  sodium,  discovered  by  Fleitmann  and 
Henneberg,  see  page  287. 

Sodium  Borates.  —  The  neutral  borate  or  metaborate,  BOaNa,  or  Ba08.ONa,, 
is  formed  by  fusing  common  borax  and  sodium  carbonate  in  equivalent 
proportions,  and  dissolving  the  mass  in  water.  It  forms  large  crystals 
containing  BOsNa.30Hr 

The  Anhydroboratt,  Biborate,  or  Borax,  2BO?Na.B?Or10OH,  ==  2B20,.ONar 
10OH-,  occurs  in  the  waters  of  certain  lakes  in  Thibet  and  Persia:  it  is  im- 
ported in  a  crude  state  from  the  East  Indies  under  the  name  of  tincal. 
When  purified  it  constitutes  the  borax  of  commerce.  Much  borax  is  now, 
however,  manufactured  from  the  native  boric  acid  of  Tuscany,  and  also 
from  a  native  calcium  borate  called  hayesme,  which  occurs  in  southern  Peru. 
Borax  crystallizes  in  six-sided  prisms,  which  effloresce  in  dry  air,  and  require 
20  parts  of  cold,  and  6  of  boiling  water  for  solution.  Exposed  to  heat,  the  10 
molecules  of  water  of  crystallization  are  expelled,  and  at  a  higher  tempera- 
tore  the  salt  fuses,  and  assumes  a  glassy  appearance  on  cooling :  in  this 
state  it  is  much  used  for  blowpipe  experiments,  the  metallic  oxides  dissolv- 
ing in  it  to  transparent  beads,  many  of  which  are  distinguished  by  charac- 
teristic colors.  By  particular  management,  crystals  of  borax  oan  be  ob- 
tained with  5  molecules  of  water :  they  are  very  hard,  and  permanent  in 
the  air.  Although  by  constitution  an  acid  salt,  borax  has  an  alkaline 
reaction  to  test-paper,  it  is  used  in  the  arts  for  soldering  metals,  its 
action  consisting  in  rendering  the  surfaces  to  be  joined  metallic,  by  dis- 
solving the  oxides,  and  it  sometimes  enters  into  the  composition  of  the 
glaze  with  which  stoneware  is  covered. 

Sodium  Sulphide,  SNar  —  Prepared  in  the  same  manner  as  potassium 
mjaosulphide:  it  separates  from  a  concentrated  solution  in  octohedral 
crystals,  whioh  are  rapidly  decomposed  by  contact  with  the  air  into  a  mix- 
ture of  sodium  hydrate  and  hyposulphite.  It  forms  double  sulphur-salts 
with  hydrogen  sulphide,  carbon  bisulphide,  and  other  sulphur-acids. 

Sodium  sulphide  is  supposed  to  enter  into  the  composition  of  the  beauti- 
ful pigment  ultramarine,  which  is  prepared  from  the  lapis  lazuli,  and  is  now 
imitated  by  artificial  means.  An  intimate  mixture  of  37  kaolin,  15  sodium 
sulphate,  22  sodium  carbonate,  18  sulphur,  and  8  charcoal,  is  heated  from 
twenty-four  to  thirty  hours  in  large  crucibles.  The  product,  thus  obtained 
is  again  heated  in  cast-iron  boxes  at  a  moderate  temperature  till  the  re- 
quired tint  is  obtained.     After  being  finely  pulverized,  washed  and  dried, 
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it  constitutes  commercial  ultramarine.      The 
varies,  and  iU  true  constitution  U  not  known. 


•f  tkis   ceior 


There  is  no  good  precipitant  for  sodium,  all  its  sail* 
with  the  exception  of  the  rtuiantiwumaU,  which  is 
solution  of  a  sodium  salt  with  a  solution  of 
use  oC  this  reagent  is,  however,  attended  with 
ence  of  sodium  is  often  determined  bj  negative 
color  imparted  bj  sodium  salts  to  the  outer  flame  of  the  hlaapip*  ■  nmd  to 
combustible  matter,  is  a  character  of  considerable  in 
tral  phenomena  exhibited  bj  sodium  compounds  are  i 


AKMOnUM. 

The  ammonia  salts  are  most  conveniently  studied  in  this  place, « 
of  their  close  analogy  to  those  of  potassium  and  sodium.  These  salts  are 
formed  bj  the  direct  union  of  ammonia  NHf  with  acids,  and  as  alreadj 
pointed  out  (p.  163),  they  may  be  regarded  as  compounds  of  acid  radicals, 
CI,  NO*  804,  &c,  with  a  basylous  radical  NH4,  called  ommtn,  which 
plays  in  these  salts  the  same  part  as  potassium  and  sodium  in  their  respec- 
tive compounds ;  thus : 


NH, 

Ammonia 

NH, 

NH, 

2NH, 


HC1 

Hydrochloric 
acid. 

HNO. 
Nitric 
acid. 

H,S04 

Sulphuric 
acid. 


H,S04  = 


=  NH4.CI 


NH4  NO, 

Amnoniaai 

nitrate. 

NH4.H.S04 

Acid  una      ' 


(NH4)rSO, 
Neutral  ammonni 
■alpbate. 


The  radical  NH4  is  not  capable  of  existing  in  the  free  state,  inasmuch  as 
it  contains  an  uneven  number  of  monad  atoms :  it  is  simply  the  residue 
which  is  left  on  removing  the  atom  of  chlorine  from  the  saturated  molecule 

NH4 
N*H4C1.     Whether  the  double  molecule  NsHf,  or  |      ,  has  a  separate  exist- 

NH4 
ence,  is  a  different  question.     Ammonium  appears,  indeed,  to  be  capable 
of  forming  an  amalgam  with  mercury ;  but  even  in  this  state  it  is  quickly 
resolved  into  ammonia  and  free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  potassium 
hydrate,  ami  connected  with  the  negative  side  of  a  voltaic  battery  of  very 
moderate  power,  the  circuit  being  completed  through  the  platinum  plate 
upon  which  the  alkali  rests,  decomposition  of  the  latter  takes  place,  and 
an  amalgam  of  potassium  is  rapidly  formed.  If  this  experiment  be  now 
repeated  with  a  piece  of  sal-ammoniac  instead  of  potassium  hydrate,  a 
soft,  solid,  metalline  mass  is  also  produced,  which  has  been  called  the 
ammoniacal  amalgam,  and  considered  to  contain  ammonium  in  combination 
with  mercury.  A  simpler  method  of  preparing  this  compound  is  the  follow- 
ing: A  little  mercury  is  put  into  a  tc»t-tube  with  a  grain  or  two  of  potas- 
sium or  sodium,  and  gentle  heat  applied;  combination  ensues,  attended  by 


AMMONIUM.  311 

beat  and  light.  When  cold,  the  fluid  amalgam  is  put  into  a  capsule,  and 
covered  with  a  strong  solution  of  sal-ammoniac.  The  production  of  an 
ammoniaeal  amalgam  instantly  commences,  the  mercury  increasing  pro- 
digiously in  Tolume,  and  becoming  quite  pasty.  The  increase  of  weight  is, 
however,  quite  trifling :  it  varies  from  y^  to  Tj^  Pftrt-  ^^  t0  it8e^» 
the  amalgam  quickly  decomposes  inlo  fluid  mercury,  ammonia,  and  hydro- 
gen ;  it  is  quite  possible,  indeed,  that  the  so-called  amalgam  may  be  nothing 
more  than  mercury  which  has  absorbed  a  certain  quantity  of  these  gases, 
just  as  silver,  when  heated  to  a  very  high  temperature,  is  capable  of  hiking 
up  about  twenty  times  its  volume  of  oxygen  gas,  which  it  gives  up  again 
oa  cooling. 

The  following  experiments  lately  made  by  Weyl  *  afford  somewhat  stronger 
evidence  in  favor  of  the  separate  existence  of  nmmonium.  When  lumps  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  of 
silver  chloride  previously  saturated  with  ammonia-gas  at  the  other,  the 
tube  then  sealed,  the  end  containing  the  silver-chloride  heated  in  a  bath  of 
calcium  chloride,  and  the  other  end  immersed  in  cold  water,  the  sodium 
swells  up,  and  is  converted  into  a  liquid,  which  is  copper-red  by  perpen- 
dicularly reflected,  greenish-yellow  by  obliquely  reflected  light,  blue  in 
thin  films  by  transmitted  light.  This  liquid  is  sodammonium  N2HeNar  that 
is.  ammonium  N,H§  having  two  of  its  hydrogen  atoms  replaced  by  sodium. 
As  the  silver-chloride  cools,  and  the  ammonia-gas  is  reabsorbed,  the  sodam- 
monmm  decomposes  and  pure  sodium  remains  behind,  having  a  dull  surface 
and  spongy  texture.  By  again  heating  the  silver-chloride,  the  compound 
may  be  reproduced  any  number  of  times. 

PotaMtammonium,  NjHgK,?,  is  prepared  like  sodammonium,  and  exhibits 
similar  properties. 

Other  metallammonium8  may  be  produced  by  the  decomposition  of  so- 
dium- or  potass-ammonium.  Thus  when  a  mixture  of  a  metallic  chloride  or 
oxide  with  an  equivalent  quantity  of  sodium  is  exposed  in  the  manner 
above  described  to  the  action  of  ammonia-gas,  the  gas  is  first  absorbed  by 
the  metallic  chloride  (or  oxide)  and  afterwards  by  the  sodium,  the  sodam- 
monium thus  formed  flowing  over  the  metallic  salt,  and  reacting  upon  it 
without  much  rise  of  temperature.  With  a  mixture  of  barium-chloride 
and  sodium  the  reaction  appears  to  be : 

N,H$Na,    +    2NHt    -f    Bt/'CI,    =    N,HfBa"    +    2NHsNaCl. 
goduamoniiim.  Baraimnonium.  Chloride  of 

Bodammonluin. 

Barammonhtm  forms  a  deep  blue  liquid  having  a  metallic  lustre.  —  Cop- 
per-, Mercury-,  and  Silver-ammonium  are  obtained  in  like  manner  from  the 
respective  chlorides,  and  Zinc- ammonium  from  the  oxide.  These  compounds 
are  likewise  very  unstable,  being  resolved,  even  in  the  sealed  tube,  into 
metal  (which  appears  gray,  dull,  and  destitute  of  coherence)  and  ammonia. 
If  in  the  arrangement  just  described  the  metallic  chloride  be  replaced  by 
an  ammonium-salt,  e.g.,  NH4C1  or  (NH4),S04,  similar  reactions  take  place, 
and  the  tube  becomes  filled  with  a  blue  liquid  mixed  with  excess  of  am- 
monia. This  blue  liquid,  whioh  is  also  formed  by  the  aotion  of  potassium 
hydrate  on  potassammonium,  appears  to  consist  of  ammonium  itself.  N?H8. 
It  is  even  more  unstable  than  the  metallammoniums,  being  resolved  into 
ammonia  and  hydrogen,  partly  even  before  the  reaction  between  the  am- 
monium-salt and  the  sodammonium  is  oompleted. 

But  whether  ammonium  has  any  separate  existenoe  or  not,  it  is  quite 
eertain  that  many  ammoniaeal  salts  are  isomorphous  with  those  of  potas- 
sium; and  if  from  any  two  of  the  corresponding  salts,  as  the  nitrates, 

*  Fogy.  Ann.  cxxl,  697. 
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we  subtract  the  radical  N0t 
.  and  the  gremp  NH#  which  are,  therefore,  supposed  to 


Et«\  and  5H«5«\  v*  subtract  the  radical  NO,  common  to  the  two,  there 


he  uwmwrpatMiA. 

Amit:T¥  »~irLonrDS,  Sal-axs-obiac,  NH4CL  —  Sal-ammoniac  was  for- 
»rT  mr^awNii  rrjm  E^ypt.  being  extracted  by  sublimation  from  the  soot 
jf  raa-i?'  rinx:  t-  is  aow  largely  manufactured  from  the  ammoniac&l 
L  .  i.«i  if  Me  r^vurks.  and  from  the  condensed  products  of  the  distillation 
at  ->«>a«»»  aa«t  Htt«r  animal  refuse,  in  the  preparation  of  animal  charcoal. 

T*-*t  Ji:(ir*  *ad  m^niy  offensive  solutions  are  treated  with  a  slight  ex- 
c*»*»  «c  ajL-vi!  in**  aci-t.  by  which  the  free  alkali  is  neutralised,  and  the 
«*?*«•&*!«  and  «u  piile  are  decomposed,  with  evolution  of  carbonic  acid 
aai  «u.pa^recze*i  Ajirocen  gases.  The  liquid  is  evaporated  to  dryness, 
aa>i  ia*  sLx  care  rally  a*ate«i.  to  expel  or  decompose  the  tarry  matter;  it 
K  'i*a  pani^d  by  subornation  in  large  iron  Teasels  lined  with  clay,  sur- 
av**a*ed  with  lomes  of  lead. 

ss.  blamed  sal-smsieniac  has  a  fibrous  texture;  it  is  tough,  and  difficult 
Ur  powder. 

w  i«a  crystallixed  from  water  it  separates,  under  favorable  circumstances, 
in  i:*r;a<r«  n»y<  >r  octohedrons ;  bat  the  crystals  are  usually  small,  and  ag- 
gr*ri:t»i  t  r**  -  *r  -a  rays.  It  has  a  sharp  saline  taste,  and  is  soluble  in  2} 
part*  »(  c*  L  *n<i  ia  a  much  smaller  quantity  of  hot  water.  By  heat,  it  is 
su*  limed  »;: a: n*:  i*eompo*.tion.  The  crystals  are  anhydrous.  Ammonium 
ei.  r\  ie  tVrm*  double  talis  with  the  chlorides  of  magnesium,  nickel,  cobalt, 
iron,  manganese,  sine,  and  copper. 

Aw*o5int  5iriAO.  5CL  NH^.  is  easily  prepared  by  adding  ammonium 
cart  naie  to  slightly  diluted  nitric  acid  until  neutralisation  has  been  reached. 
By  slow  evaporation  at  a  moderate  temperature  it  crystallises  in  six-sided 
prisms,  like  those  of  potassium  nitrate;  but,  as  usually  prepared  for  making 
nitrogen  monoxide,  by  quick  boiling  until  a  portion  solidifies  completely  on 
cooling,  it  forms  a  fibrous  and  indistinct  crystalline  mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  water,  producing  con- 
siderable depression  of  temperature;  it  is  but  feebly  deliquescent,  and 
deflagrates  like  nitre  on  contact  with  heated  combustible  matter.  Its  decom- 
position by  heat  has  been  already  explained  (p.  159). 

Ammoxicti  Sflphatb.  S04»  XH4)r — Prepared  by  neutralising  ammonium 
carbonate  with  sulphuric  acid,  or  on  a  large  scale,  by  adding  sulphuric  acid 
in  excess  to  the  coal-gas  liquor  just  mentioned,  and  purifying  the  product 
by  suitable  means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystallites 
in  long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed,  and  driven 
off  by  ignition,  and,  even  to  a  certain  extent,  by  long  boiling  with  water, 
ammonia  being  expelled  and  the  liquid  rendered  acid. 

Ammobiubi  Cabbobatbs  — H.  Rose  admits  the  existence  of  a  considerable 
number  of  these  salts,  to  which  he  assigns  very  complicated  formulae ;  but, 
according  to  H  Sainte  Clairc-Deville,*  there  exist  only  two  ammonium 
carbonates  of  definite  composition,  namely : 

(a  )  Ammonium  and  Hydrogen  Carbonate,  or  Mono-ammonic  Carbonate, 
COp(NH4)H,  commonly  called  Bicarbonate,  or  Acid  carbonate  of  ammonia. — 
This  salt  is  obtained  by  saturating  an  aqueous  solution  of  ammonia,  or  of 
the  wesqui carbonate,  with  carbonic  acid  gas ;  or  by  treating  the  finely  pounded 
senqui carbonate  with  strong  alcohol,  which  dissolves  out  normal  or  diara- 
tnonic  carbonate,  leaving  a  residue  of  the  mono-ammonic  salt.  Cold  water 
may  be  used  instead  of  alcohol  for  this  purpose ;  but  it  dissolves  a  larger 

*  Ann.  Cbim.  Phyt.  [Z]  xl.  87. 


AMMONIUM.  813 

quantity  of  the  mono-ammonic  carbonate.  All  ammonium-carbonates  when 
lefi  to  themselves  are  gradually  converted  into  mono-ammonic  carbonate. 
This  salt  forms  large  crystals  belonging  to  the  trimetric  system.  According 
to  Derille  it  is  dimorphous,  but  never  isomorphous  with  monopotassic  car- 
bonate; when  exposed  to  the  air,  it  volatilizes  slowly,  and  gives  off  a  faint 
ammoniac*!  odor.  It  dissolves  in  8  parts  of  cold  water,  the  solution  decom- 
posing gradually  at  ordinary  temperatures,  quickly  when  heated  above  80° 
C.  (8t>°  P. )  with  evolution  of  ammonia.  It  is  insoluble  in  alcohol,  but  when 
exposed  to  the  air,  under  alcohol,  it  dissolves  as  normal  carbonate,  evolving 
xarbon  dioxide. 

It  has  been  found  native  in  considerable  quantity  in- the  deposits  of  guano, 
on  the  western  coast  of  Patagonia,  in  white  crystalline  masses,  having  a 
strong  ammoniacal  odor. 

(6.)  Telrammonio-dihydric  Carbonate,  CgO^H,,  =  (COa)f(NH4)4Hr  —  This 
salt,  commonly  called  ie*qui-carbonate  of  ammonia,  contains  the  elements  of  1 
molecule  of  diammonic  and  2  molecules  of  mono-ammonic  carbonate,  into 
which  it  is,  in  fact,  resolved  by  treatment  with  water  or  alcohol : 

(CO,),(NH4)4H,    =    CO^NHJ,    +    2[(CO^NH4)H]. 

It  H  obtained  by  dissolving  the  commercial  carbonate  in  strong  aqueous 
ammonia,  at  about  30°  C.  (86°  F.)  and  crystallizing  the  solution.  It  forms 
large  transparent  rectangular  prisms,  having  their  summits  truncated  by 
octahedral  faces.  These  crystals  decompose  very  rapidly  in  the  air,  giving 
off  water  and  ammonia,  and  being  converted  into  mono-ammonic  carbonate. 
The  normal  or  diammonic  carbonate,  COs(NH4)r  has  not  been  obtained  in 
the  solid  state.  Commercial  carbonate  of  ammonia  (sal  volatile,  salt  of  harts- 
horn) consists  of  sesqui-carbonate  more  or  less  pure.  It  is  prepared  on  the 
large  scale  by  the  dry  distillation  of  bones,  hartshorn,  and  other  animal  mat- 
ter, and  is  purified  from  adhering  empyreumatic  oil  by  subliming  it  once  or 
twice  with  animal  charcoal  in  cast-iron  vessels,  over  which  glass  receivers 
are  inverted.  Another  method  consists  in  heating  to  redness  a  mixture  of 
1  part  ammonium  chloride  or  sulphate,  and  2  parts  calcium  oarbonate 
(chalk),  or  potassium  carbonate,  in  a  retort,  to  which  a  receiver  is  luted.* 

Axxohium  Sulphides. — Several  of  these  compounds  exist,  and  may  be 
formed  by  distilling  with  sal-ammoniac  the  corresponding  sulphides  of 
potassium  or  sodium. 

Ammonium  and  Hydrogen  Sulphide,  or  Ammonium  Sulph-hydrate,  S(NH4)H, 
is  a  compound  of  great  practical  utility ;  it  is  obtained  by  saturating  a  solu- 
tion of  ammonia  with  well-washed  sulphuretted  hydrogen  gas,  until  no 
more  of  the  latter  is  absorbed.  The  solution  is  nearly  colorless  at  first,  but 
becomes  yellow  after  a  time,  without,  however,  suffering  material  injury, 
unless  it  has  been  exposed  to  the  air.  It  gives  precipitates  with  most  metal 
lie  solutions,  which  are  very  often  characteristic,  and  is  of  great  service 
in  analytical  chemistry. 

Ammoniacal  salts  are  easily  recognized ;  they  are  all  decomposed  or  vola- 
tilized at  a  high  temperature ;  and  when  heated  with  calcium  hydrate  or 
solution  of  alkaline  carbonate,  they  give  off  ammonia,  which  may  be  recog- 

[*  Diammtmio-hydrie  FhmphaU;  Common  Tribasic  PftojtpAofe,  PO*  2(NH*)H.OH».— This  nit 
fa  preparedly  precipitating  the  acid  calcium  phosphate,  with  an  excess  of  the  commercial  am- 
monium carbonate  and  evaporating  at  a  moderate  temperature.  It  crystallizes  in  six-sided 
Ubtes  derived  from  oblique  quadrangular  prisms  The  crystals  dissolve  iu  4  parts  of  water  and 
in  slcohoL  They  are  efflorescent,  have  a  saline,  alkaline  taste  and  alkaline  reaction.  The  acid 
trftsuic  phosphate  PO4.NHj.H9.4O  11  is  formed  when  a  solution  of  the  common  is  boiled  as  long 
m  ammonia  is  given  off.  It  crystallises  in  4-«ided  prisms,  which  are  permanent  solnMo  in  Ave 
parts  of  water  and  have  an  acid  taste  and  reaction.  When  ammonia  in  excess  is  added  to  either 
of  these  salts,  the  triammonic  phosphate  PO^NH^is  deposited  as  a  granular  precipitate— K.  B.J 
27 
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nixed  by  its  odor  and  alkaline  reaction.  The  salts  are  all  more  or  leas 
soluble ;  the  acid  tartrate  and  the  platinochloride  being,  however,  among 
the  least  soluble;  hence  ammonium  salts  cannot  be  distinguished  from 
potassium  salts  by  the  tests  of  tartaric  acid  and  platinum  solution.  When 
a  solution  containing  an  ammoniacal  salt,  or  free  ammonia,  is  mixed  with 
patash,  and  a  solution  of  mercuric  iodide  in  potassium  iodide  is  added,  a  brown 
precipitate  or  coloration  is  immediately  produced,  consisting  of  dimercur- 
l  iodide,  NHg,"I: 


NH,  +  2Hg"I,  =  NHs/y  +  8HL 

This  is  called  Nessler's  test ;  it  is  by  far  the  most  delicate  test  for  ammonia 
that  is  known. 

Amie  Acidt  and  Amide*. 

Sulphamic  Acid.  —When  dry  ammonia  gas  is  passed  over  a  thin  layer 
of  sulphuric  oxide  80*  the  gas  is  absorbed,  and  a  white  crystalline  powder 
is  formed,  having  the  composition  NjHjSO,,  that  is,  of  ammonium  sulphate 
minus  one  molecule  of  water : 

17,11,80,  =  80«  (NHJ,  —  0Hr 

It  is  not,  however,  a  salt  of  sulphuric  acid :  for  its  aqueous  solution  does 
not  give  any  precipitate  with  baryta- water  or  soluble  barium  salts.  It  is, 
in  fact,  the  ammonium  salt  of  sulphamic  acid,  an  acid  derived  from  sulphuric 
acid,  S04H,  or  80,(H0)„  by  substitution  of  the  univalent  radical  NH*  for 
one  atom  of  hydroxy  1,  HO.  The  formula  of  this  acid  is  S0f(NH-)H,  and 
that  of  its  ammonium  salt,  80,(NH,)NH4,  or  SOtN,Hr  Ammonium  sul- 
phamate  is  permanent  in  the  air,  and  dissolves  without  decomposition  in 
water.  Its  solution,  evaporated  in  a  vacuum,  over  oil  of  vitriol,  yields  the 
salt  in  transparent  colorless  crystals. 

The  solution  of  the  ammonium  salt,  mixed  with  baryta-water,  gives  off 
ammonia,  and  yields  a  solution  of  barium  sulphamate,  (SOaNH.)sBa",  which 
may  be  obtained  by  evaporation  in  well  defined  crystals ;  and  the  solution 
of  this  salt,  decomposed  with  potassium  sulphate,  yields  patasstum  sui- 
phamate,  SO,NH,K. 

Cabbamio  Acid.  — When  dry  ammonia  gas  is  mixed  with  carbon  dioxide, 
the  mixture  being  kept  cool,  the  gases  combine  in  the  proportion  of  2 
volumes  of  the  former  to  1  volume  of  the  latter,  forming  a  pungent,  very 
volatile  substanoe,  which  condenses  in  white  flocks.  This  substance  has 
the  composition  CO,N,H,,  that  is,  of  normal  ammonium  carbonate,  CO, 
f  NH4)r  minus  one  molecule  of  water.  It  was  formerly  called  anhydrous  car- 
bonate of  ammonia;  but,  like  the  preceding  salt,  is  not  really  a  carbonate, 
but  the  ammonium  salt  of  carbamk  acid,  CO,(NH,)H,  derived  from  carbonic 
acid,  CO.H,  or  CO(OH)r  by  substitution  of  amidogen  NH,  for  1  atom  of 
hydroxy!.  Ammonium  carbamate  dissolves  readily  in  water,  and  quickly 
takes  up  one  molecule  of  that  compound,  whereby  it  is  converted  into  am- 
monium carbonate.  When  treated  with  sulphuric  oxide,  it  is  converted  into 
ammonium  sulphamate. 

Carbamidi,  CON,H4. —  When  ammonia  gas  is  mixed  with  carbon  oxy- 
chloride  or  phosgene  gas,  COClr  a  white  crystalline  powder  is  formed, 
having  this  composition : 

C0C1,  +  2NH,  =  2HC1  +  CON,H4. 

This  compound,  which  is  likewise  formed  in  other  reactions  to  be  after- 
wards considered,  is  derived  from  carbonic  acid,  CO(OH)r  by  substitution 
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of  2  atoms  of  amidogen  for  2  atoms  of  hydroxyl.  It  differs  from  earbamio 
add  in  being  a  neutral  substance,  not  containing  any  hydrogen  easily  re- 
placeable by  metals. 

Other  bibasic  acids  likewise  yield  an  amic  acid  and  a  neutral  amide  by 
substitution  of  1  or  2  atoms  of  amidogen  for  hydroxyl.  Tribasic  acids 
yield  in  like  manner  two  amic  acids  and  one  neutral  amide,  and  tetrabasic 
acids  may  yield  three  amic  acids  and  a  neutral  amide ;  thus,  from  pyro- 
phosphoric  acid,  P,0-H4  =  P20.(H04),  are  obtained  the  three  amic  acids 
PA{NH,)Hr  VpjSBJJ^,  and  P  04(NH,)H. 

Monobasic  acids,  which  contain  but  one  atom  of  hydroxyl,  yield  by  this 
mode  of  substitution  only  neutral  amides,  no  amic  acids :  thus,  from  acetio 
acid,  CtH4Ot  =  C,ILOrHO,  is  obtained  acetamide,  C,H,0(NHt). 

The  neutral  amides  may  also  be  regarded  as  derived  from  one  or  more 
molecules  of  ammonia,  by  substitution  of  univalent  or  multivalent  acid 
radicals,  for  hydrogen;  thus,  acetamide  =  N///Ht(C1H.O) ;  carbamide 
5"'H  (CO)",  &c. 

By  similar  substitution  of  metals,  or  basylous  compound  radicals  for  the 
hydrogen  of  ammonia,  basic  compounds,  called  amines,  are  formed.  Thus, 
when  potassium  is  gently  heated  in  ammonia  gas,  monopota**amine,  NH3K, 
is  formed.  It  is  an  olive -green  substance,  which  is  decomposed  by  water 
into  ammonia  and  potassium  hydrate : 

NH,K  +  OH,  =  NH,  +  OKH. 

It  melts  at  a  little  below  100°,  and  when  heated  in  a  close  vessel,  is  resolved 
into  ammonia  and  tripolauamine  : 

8NH,K  =  2NH,  -f  NK,. 

The  latter  effervesces  violently  with  water,  yielding  ammonia  and  potas- 
sium hydrate: 

NK,  -f  SOU,  =  NH,  +  80KH. 

The  formation  and  properties  of  amides  and  amines  will  be  further  con- 
sidered under  Organic  Chemistry. 

MiTALLAMMOiriuMS. — We  have  already  spoken  of  the  formation  of  com- 
pounds which  may  be  regarded  as  derived  from  ammonium,  N,Hr  by  sub- 
stitution of  metals  for  hydrogen :  e.  g.  sodammonium,  NjHfNa,.  Salts  of 
such  radicals  are  also  formed  in  several  ways.  Ammonia  gas  is  absorbed 
by  various  metallic  salts  in  different  proportions,  forming  compounds,  some 
of  which  may  be  formulated  as  salts  of  metallammoniums.  Thus,  platinum 
dichloride,  PtCL,  absorbs  two  molecules  of  ammonia,  forming  platoeammo- 
nam  chloride,  N,HePt".Clt;  and  platinum  tetrachloride,  PrCL,  absorbs 
four  molecules  of  ammonia,  forming  platmammonium  chloride,  N4HJSPtiT.Cl4. 
In  like  manner,  cupric  chloride  and  sulphate  form  the  chloride  ana  sulphate 
of  cuprammonium,  N-HgCu".^  and  NtH,Cu".S04. 

Similar  compounds  are  formed  in  many  cases  by  precipitating  metallic 
salts  with  ammonia  or  ammoniacal  salts :  thus,  ammonia  added  to  a  solution 
of  mercuric  chloride,  HgCL,  forms  a  white  precipitate,  consisting  of  dimer- 
curammonmm  chloride,  N.H4ilg"rCla;  and  by  dropping  a  solution  of  mer- 
curic chloride  into  a  boiling  solution  of  sal-ammoniac  mixed  with  free  am- 
monia, crystals  are  obtained,  consisting  of  mercurammonium  chloride,  N,H4 
Hg^.Clj-  Some  of  these  compounds  will  be  further  considered  in  con- 
nection with  the  several  metals. 
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LITHIUM. 

Atomio  weight,  7.     Symbol,  Li. 

Lithium  is  found  in  petalite,  spodumene,  lepidolite,  triphylline,  And  a 
few  other  minerals,  and  sometimes  occurs  in  minute  quantities  in  mineral 
springs. 

The  metal  is  obtained  by  fusing  pure  lithium  chloride  in  a  small  thick 
porcelain  crucible,  and  decomposing  the  fused  chloride  by  electricity,  It 
is  a  white  metal  like  sodium,  and  very  oxidixable.  Lithium  fuses  at  180° 
C.  (3o6°  F.);  its  specific  gravity  is  0*69:  it  is,  therefore,  the  lightest  solid 
known. 

A  lithium  salt  may  be  obtained  from  petalite  on  the  small  scale,  bj  the 
following  process:  The  mineral  is  reduced  to  an  exceedingly  fine  powder, 
mixed  with  fire  or  six  times  its  weight  of  pure  calcium  carbonate,  and  the 
mixture  heated  to  whiteness,  in  a  platinum  crucible  placed  within  a  well 
covered  earthen  one,  for  twenty  minutes  or  half  an  hour.  The  shrunken 
coherent  mass  is  digested  in  dilute  hydrochloric  acid,  the  whole  evaporated 
to  dryness,  acidulated  water  added,  and  the  silica  separated  by  a  filter. 
The  solution  is  then  mixed  with  ammonium  carbonate  in  excess,  boiled, 
and  filtered;  the  clear  liquid  is  evaporated  to  dryness,  and  gently  heated 
in  a  platinum  crucible,  to  expel  the  sal-ammoniac ;  and  the  residue  is 
wetted  with  oil  of  vitriol,  gently  evaporated  once  more  to  dryness,  and 
ignited:  pure  fused  lithium  sulphate  then  remains. 

This  process  will  serve  to  give  a  good  idea  of  the  general  nature  of  the 
operation  by  which  alkalies  are  extracted  in  mineral  analysis,  and  their 
quantities  determined. 

Lithium  hydrate,  Li  HO,  is  much  less  soluble  in  water  than  the  hydrates 
of  potassium  and  sodium ;  the  carbonate  and  photphale  are  also  sparingly 
soluble  salts.  The  chloride  crystallizes  in  anhydrous  cubes  which  are  deli- 
quescent. Lithium  sulphate  is  a  very  beautiful  salt;  it  crystallises  in  length- 
ened prisms  containing  one  molecule  of  water.  It  gives  no  double  salt 
with  aluminium  sulphate. 

The  salts  of  lithium  color  the  outer  flame  of  the  blowpipe  carmine-red. 
The  spectral  phenomena  exhibited  by  lithium  compounds  are  mentioned 
on  page  89. 
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Cs=188.  —  Rb  =  85-4. 

The  two  metals  designated  by  these  names  were  discovered  by  Bunsen 
and  Kirchhoff  by  means  of  their  spectrum  apparatus  mentioned  on  page 
88:  the  former  in  1860  and  the  latter  in  1861.  These  metals,  it  appears, 
are  widely  diffused  in  nature,  but  always  occur  in  very  small  quantities; 
they  have  been  detected  in  many  mineral  waters,  as  well  as  in  some  min- 
erals, namely,  lithia-mica  or  lepidolite,  and  petalite :  lately  also  in  fel- 
spar: they  have  also  been  found  in  the  alkaline  ashes  of  the  beet-root. 
The  brine  of  Dfirkheim  has  up  to  the  present  moment  been  the  richest 
source  of  caesium.  The  best  material  for  the  preparation  of  rubidium,  is 
lepidolite,  which  has  been  found  to  contain  as  much  as  0*2  per  cent,  of 
that  metal.  Both  metals  are  closely  analogous  to  potassium  in  their  de- 
portment, and  cannot  be  distinguished  from  that  metal  or  from  one  another, 
either  by  reagents  or  before  the  blowpipe. 
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Rubidium  and  caesium,  like  potassium,  form  double  salts  with  tetra- 
chloride of  platinum,  which  are,  however,  much  more  insoluble  than  the 
corresponding  potassium  salts:  it  is  on  this  property  that  the  separation 
of  these  metals  from  potassium  is  based.  The  mixture  of  platinochlorides 
is  repeatedly  extracted  with  boiling  water,  when  a  difficultly  soluble  re- 
sidue, consisting  chiefly  of  the  platinochlorides  of  caesium  and  rubidium.. 


The  hydrates  of  these  new  metals  are  powerful  bases,  which  attract  car- 
bonic acid  from  the  air,  passing,  first  into  normal  carbonate  and  then  into 
acid  carbonate.  Csssium  carbonate  is  soluble  in  absolute  alcohol ;  rubi- 
dium carbonate  is  nearly  insoluble  in  that  liquid :  this  property  is  made 
use  of  for  the  separation  of  these  two  metals.  The  chloride  crystallises 
in  cubes,  and  is  somewhat  more  soluble  in  water  than  chloride  of  potas- 
sium. 

Rubidium  chloride,  when  in  a  state  of  fusion,  is  easily  decomposed  by 
the  electric  current ;  the  metal  produced  rises  to  the  surface  and  burns 
with  a  reddish  light.  If  this  experiment  be  performed  in  an  atmosphere 
of  hydrogen,  to  prevent  oxidation,  the  separated  metal  is  nevertheless  lost, 
dissolving  as  it  does  in  the  fused  chloride,  which  is  transformed  into  a 
snbchloride  having  the  blue  color  of  smalt.  Rubidium,  when  separated 
under  mercury  by  the  electric  current,  forms  a  crystalline  amalgam  of  sil- 
very lustre,  which  is  rapidly  oxidised  by  the  air,  and  decomposes  water  in 
tlie  cold.  Caesium  chloride,  under  the  influence  of  the  electric  current, 
exhibits  exactly  the  same  deportment  as  rubidium  choride.  Rubidium  is 
electro-positive  towards  potassium,  caesium  is  electro-positive  towards  ru- 
bidium and  potassium,  and  thus  constitutes  the  most  electro-positive  member 
of  the  elements. 


BUYER. 

Atomic  weight,  108.     Symbol,  Ag  (Argentum). 

8ilver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with  sulphide 
of  antimony  and  sulphide  of  arsenic,  also  as  chloride,  iodide,  and  bromide. 
Among  the  principal  silver  mines  may  be  mentioned  those  of  the  Harts 
mountains  in  Germany,  of  Kongsberg  in  Norway,  and,  more  particularly, 
of  the  Andes,  in  both  North  and  South  America. 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores  so  poor 
as  to  render  any  process  of  tmtltmg  or  fusion  inapplicable,  even  where  fuel 
eooM  be  obtained,  and  this  is  often  difficult  to  be  procured.  Recourse, 
therefore,  is  had  to  another  method  —  that  of  amalgamation — founded  on 
the  easy  solubility  of  silver  and  many  other  metals  in  metallic  mercury. 

The  amalgamation  process  adopted  in  Germany — which  differs  somewhat 
from  that  in  use  in  America  —  is  as  follows :  The  ore  is  crushed  to  powder, 
mixed  with  a  quantity  of  common  salt,  and  roasted  at  a  low  red  heat  in  a 
suitable  furnace,  by  which  treatment  any  sulphide  of  silver  it  may  contain 
is  converted  into  chloride.  The  mixture  of  earthy  matter,  oxides  of  iron, 
copper,  soluble  salts,  silver  ohloride,  and  metallic  silver,  is  sifted  and  put 
into  large  barrels  made  to  revolve  on  axes,  with  a  quantity  of  water  and 
scraps  of  iron,  and  the  whole  is  agitated  together  for  some  time,  during 
which  the  iron  reduces  the  silver  chloride  to  the  state  of  metal.  A  certain 
proportion  of  mercury  is  then  introduced,  and  the  agitation  repeated :  the 
mercury  dissolves  out  the  silver,  together  with  gold,  if  there  be  any,  metal- 
lic copper,  and  other  substances,  forming  a  fluid  amalgam  easily  separable 
from  the  thin  mud  of  earthy  matter  by  subsidence  and  washing.  .  This 
amalgam  is  strained  through  a  strong  linen  cloth,  and  the  solid  portion 
27« 
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exposed  to  heat  in  a  kind  of  retort,  by  which  the  remaining  mercury  is 
distilled  off  and  the  silver  left  behind  in  an  impure  state. 

Considerable  loss  often  occurs  in  the  amalgamation  process  from  the  com- 
bination of  a  portion  of  the  mercury  with  sulphur,  oxygen,  &c,  whereby 
it  is  brought  into  a  pulverulent  condition,  known  as  "flouring,"  and  is  then 
liable  to  be  washed  away,  together  with  the  silver  it  has  taken  up.  This 
inconvenience  may  be  prevented,  as  suggested  by  Mr.  Crookes,  by  amalga- 
mating the  mercury  with  1  or  2  per  oent.  of  sodium,  which  by  its  superior 
affinity  for  sulphur  and  oxygen,  prevents  the  mercury  from  becoming 
floured. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferous  galena: 
in  fact,  almost  every  specimen  of  native  lead  sulphide  is  found  to  contain 
traces  of  this  metal.  When  the  proportion  rises  to  a  certain  amount,  it 
becomes  worth  extracting.  The  ore  is  reduced  in  the  usual  manner,  the 
whole  of  the  silver  remaining  with  the  lead ;  the  latter  is  then  re-melted  in 
a  large  vessel,  and  allowed  to  cool  slowly  until  solidification  commences. 
The  portion  which  first  crystallises  is  nearly  pure  lead,  the  alloy  with  silver 
being  more  fusible  than  lead  ittelf:  by  particular  management  this  is  drained 
away,  and  is  found  to  contain  nearly  the  whole  of  the  silver  [Pattinson's 
process].  This  rich  mass  is  next  exposed  to  a  red  heat  on  the  shallow 
hearth  of  a  furnace,  while  a  stream  of  air  is  allowed  to  impinge  upon  its 
surface ;  oxidation  takes  place  with  great  rapidity,  the  fused  oxide  or  lith- 
arge being  constantly  swept  from  the  metal  by  the  blast.  When  the  greater 
part  of  the  lead  has  been  thus  removed,  the  residue  is  transferred  to  a  cupel 
or  shallow  dish  made  of  bone-ashes,  and  again  heated:  the  last  portion  of 
the  lead  is  now  oxidixed,  and  the  oxide  sinks  in  a  melted  state  into  the 
porous  vessel,  while  the  silver,  almost  chemically  pure,  and  exhibiting  a 
brilliant  surface,  remains  behind. 

Pure  silver  may  be  easily  obtained.  The  metal  is  dissolved  in  nitric  acid : 
if  it  contains  copper,  the  solution  will  have  a  blue  tint;  gold  will  remain 
undissolved  as  a  black  powder.  The  solution  is  mixed  with  hydrochloric 
acid  or  with  common  salt,  and  the  white,  insoluble,  curdy  precipitate  of  sil- 
ver chloride  is  washed  and  dried.  This  is  then  mixed  with  about  twice  its 
weight  of  anhydrous  sodium  carbonate,  and  the  mixture,  placed  in  an 
earthen  crucible,  is  gradually  raised  to  a  temperature  approaching  white- 
nes,  during  which  the  sodium  carbonate  and  the  silver  chloride  react  upon 
each  other ;  carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and 
soda  chloride  result :  the  former  melts  into  a  button  at  the  bottom  of  the 
crucible,  and  is  easily  detached.  The  following  is  perhaps  the  roost  simple 
method  for  the  reduction  of  Bilver  chloride.  The  silver-salt  is  covered  with 
water,  to  which  a  few  drops  of  sulphuric  acid  are  added ;  a  plate  of  sine  is 
then  introduced.  The  silver  chloride  soon  begins  to  decompose,  and  is, 
after  a  short  time,  entirely  converted  into  metallic  silver ;  the  silver  thus 
obtained  is  gray  and  spongy;  it  is  ultimately  purified  by  washing  with 
slightly  acidulated  water. 

Pure  silver  has  a  most  perfect  white  color  and  a  high  degree  of  lustre : 
it  is  exceedingly  malleable  and  ductile,  and  is  probably  the  best  conductor 
both  of  heat  and  electricity  known.  Its  specific  gravity  is  10  5.  In  hard- 
ness it  lies  between  gold  and  copper.  It  melts  at  a  bright  red  heat,  about 
1028°  C,  (1873°  F.),  according  to  the  observation  of  Mr.  Daniell.  Silver  is 
unalterable  by  air  and  moisture :  it  refuses  to  oxidise  at  any  temperature, 
but  possesses  the  extraordinary  faculty  already  noticed  of  absorbing  many 
times  its  volume  of  oxygen  when  strongly  heated  in  an  atmosphere  of  that 
gas,  or  in  common  air.  The  oxygen  is  again  disengaged  at  the  moment  of 
solidification,  and  gives  rise  to  the  peculiar  arborescent  appearance  often 
remarked  on  the  surface  of  masses  or  buttons  of  pure  silver.  The  addition 
of  2  per  cent,  of  copper  is  sufficient  to  prevent  the  absorption  of  oxygen. 
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Silver  oxidises  when  heated  with  fusible  siliceous  matter,  as  glass,  which  it 
■tain*  jellow  or  orange,  from  the  formation  of  a  silicate.  It  is  little  attacked 
by  hjdrochloric  acid ;  boiling  oil  of  Titriol  converts  it  into  sulphate,  with 
evolution  of  sulphurous  oxide ;  nitric  acid,  even  dilute  and  in  the  cold,  dis- 
solves it  readily.  The  tarnishing  of  surfaces  of  silver  exposed  to  the  air  is 
due  to  hydrogen  sulphide,  the  metal  having  a  strong  attraction  for  sulphur. 

Siltkb.  Chlorides.— Two  of  these  compounds  are  known  containing  re- 
spectively 1  and  2  atoms  of  silver  to  1  atom  of  chlorine;  the  second,  how- 
ever,  is  a  very  unstable  compound.* 

The  Monoehloride  or  Argentic  Chloride,  Ag  CI,  is  almost  invariably  pro- 
duced when  a  soluble  silver  salt  and  a  soluble  chloride  are  mixed.  It  falls 
as  a  white  curdy  precipitate,  quite  insoluble  in  water  and  nitric  acid;  but 
one  part  of  silver  chloride  is  soluble  in  200  parts  of  hydrochloric  acid  when 
concentrated,  and  in  about  600  parts  when  diluted  with  double  its  weight 
of  water.  When  heated  it  melts,  and  on  cooling  becomes  a  grayish  crys- 
talline mass,  which  cuts  like  horn:  it  is  found  native  in  this  condition, 
constituting  the  horn-silver  of  the  mineralogist.  Silver  chloride  is  decom- 
posed by  light,  both  in  the  dry  r.nd  in  the  wet  state,  very  slowly  if  pure, 
and  quickly  if  organic  matter  be  present :  it  is  reduced  also  when  put  into 
water  with  metallic  zinc  or  iron.  It  dissolves  with  great  ease  in  ammonia 
and  in  a  solution  of  potassium  cyanide.  In  practical  analysis  the  propor- 
tion of  chlorine  or  hydrochlorio  acid  in  a  compound  is  always  estimated 
by  precipitation  with  silver  solution.  The  liquid  is  acidulated  with  nitric 
acid,  and  an  excess  of  silver  nitrate  added ;  the  chloride  is  collected  on  a 
filter,  or  better  by  subsidence,  washed,  dried,  and  fused ;  100  parts  corre- 
spond to  24-7  of  chlorine,  or  25-43  of  hydrochloric  acid. 

Argentou*  Chloride,  Ag^Cl,,  is  obtained  by  treating  the  corresponding  oxide 
with  hydrochloric  acid  or  by  precipitating  an  argentous  salt,  the  citrate, 
for  example,  with  common  salt.  It  is  easily  resolved  by  heat  or  by  am- 
monia into  argentic  chloride  and  metallic  silver. 

Silver  Fluoride,  AgF,  is  produced  by  dissolving  argentic  oxide  or  car- 
bonate in  aqueous  hydrofluoric  acid,  and  separates  on  evaporation  in  trans- 
parent quadratic  octohedrons,  which  contain  AgF.OH,,  and  give  off  their 
water  when  fused.  Their  solution  gives,  with  hydrochloric  acid,  a  precip- 
itate of  argentic  chloride.  When  chlorine  gas  is  passed  over  fused  silver 
fluoride,  silver  chloride  is  formed  and  fluorine  is  set  free  (p.  192). 

Siltkb  Iodide,  Agl,  is  a  pale-yellow  insoluble  precipitate,  produced  by 
adding  silver  nitrate  to  potassium  iodide ;  it  is  insoluble,  or  nearly  so,  in 
ammonia,  and  in  this  respect  forms  an  exception  to  the  silver-salts  in  gen- 
eral. Deville  has  obtained  a  crystalline  silver  iodide  by  the  action  of  con- 
centrated hydriodic  acid  upon  metallic  silver,  which  it  dissolves  with  dis- 
engagement of  hydrogen.  Hydriodic  acid  converts  silver  chloride  into 
iodide.     The  bromide  of  silver  very  closely  resembles  the  chloride. 

Silver  Oxides. — There  are  three  oxides  of  silver,  only  one  of  which 
can,  however,  be  regarded  as  a  well-defined  compound,  namely : 

The  Monoxide  or  Argentic  Oxide,   OAgr  —  This  oxide  is  a  powerful  base, 

*  The  existence  of  two  silver  chlorides  Is  utterly  incompatible  with  the  hypothecs  that  both 
alter  and  chlorine  are  monAd  elements.  The  composition  of  the  argentous  compounds  is  not 
perhaps  yery  well  established;  bat  supposing  the  chloride  to  contain  CljAg*  as  usually  stated, 

ClAga 
its  constitution  may  be  represented  by  the  formula  I         ,  in  which  the  chlorine  plays  the 

ClAg* 
part  of  a  triad. 
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yielding  Bait*  isomorphous  with  those  of  the  alkali-metals.  It  is  obtained 
as  a  pale-brown  precipitate  on  adding  caustic  potash  to  a  solution  of  silver 
nitrate: 

2NOaAg      +      OKH     =      OAg,     +      NO,K      -f    NO^H 
Silver  Potassium  Silver  Potaaaium  Hydrogen 

nitrate.  hydrate.  oxide.  nitrate.  nitrate. 

It  is  Tery  soluble  in  ammonia,  and  is  dissolved  also  to  a  small  extent  by 
pure  water;  the  solution  is  alkaline.  Recently  precipitated  silver  chloride, 
boiled  with  a  solution  of  caustic  potash  of  specific  gravity  1*25,  is  con- 
verted, according  to  Gregory,  although  with  difficulty,  into  argentic  oxide, 
which  in  this  case  is  black  and  very  dense.  Argentic  oxide  neutralises  acids 
completely,  and  forms,  for  the  most  part,  colorless  salts.  It  is  decomposed 
by  a  red-heat,  with  evolution  of  oxygen,  spongy  metallic  silver  being  left ; 
the  sun's  rays  also  effect  its  decomposition  to  a  small  extent 

Argentou*  Oxide,  OAg^* — When  dry  argentic  citrate  is  heated  to  100°  in 
a  stream  of  hydrogen  gas,  it  loses  oxygen  and  becomes  dark-brown.  The 
product,  dissolved  in  water,  gives  a  dark-colored  solution  containing  free 
citric  acid  and  argentous  citrate,  which  when  mixed  with  potash  yields  a 
precipitate  of  argentous  oxide.  This  oxide  is  a  black  powder,  very  easily 
decomposed,  and  soluble  in  ammonia.  The  solution  of  argentous  citrate  is 
rendered  colorless  by  heat,  being  resolved  into  argentic  citrate  and  metallic 
silver.  According  to  Wohler,  argentous  oxide  is  also  formed  by  boiling  ar- 
gentic arsenite  with  caustic  alkalies.  In  this  case  it  is  mixed  with  metallic 
silver. 

OAg 

Silver  Dioxide,  OsAg,  or  I  . — This  is  a  black  crystalline  substance 
OAg 
which  forms  upon  the  positive  electrode  of  a  voltaic  arrangement  employed 
to  decompose  a  solution  of  silver  nitrate.  It  is  reduced  by  heat,  evolves 
chlorine  when  acted  upon  by  hydrochloric  acid,  explodes  when  mixed  with 
phosphorus  and  struck,  and  decomposes  solution  of  ammonia,  with  great 
energy  and  rapid  disengagement  of  nitrogen  gas. 

Silver  Nitrate  or  Argentic  Nitrate,  NOfAg.  —  This  salt  is  prepared 
by  dissolving  silver  in  nitric  acid,  and  evaporating  the  solution  to  dryness, 
or  until  it  is  strong  enough  to  crystallize  on  oooling.  The  crystals  are 
colorless,  transparent,  anhydrous  tables,  soluble  in  an  equal  weight  of  cold, 
and  in  half  that  quantity  of  boiling  water ;  they  also  dissolve  in  alcohol. 
They  fuse  when  heated,  like  those  of  nitre,  and  at  a  high  temperature  suffer 
decomposition :  the  lunar  caustic  of  the  surgeon  is  silver  nitrate  which  has 
been  melted  and  poured  into  a  cylindrical  mould.  The  salt  blackens  when 
exposed  to  light,  more  particularly  if  organio  matters  of  any  kind  are 
present,  and  is  frequently  employed  to  communicate  a  dark  stain  to  the 
hair;  it  enters  into  the  composition  of  the  "indelible"  ink  used  for  mark- 
ing linen.  The  black  stain  has  been  thought  to  be  metallic  silver;  it  may 
possibly  be  argentous  oxide.  Pure  silver  nitrate  may  be  prepared  from  the 
metal  alloyed  with  copper :  the  alloy  is  dissolved  in  nitric  acid,  the  solution 
evaporated  to  dryness,  and  the  mixed  nitrates  cautiously  heated  to  fusion. 
A  small  portion  of  the  melted  mass  is  removed  from  time  to  time  for  exami- 
nation ;  it  is  dissolved  in  water,  filtered,  and  ammonia  added  to  it  in  excess. 
While  any  copper-salt  remains  undeoomposed,  the  liquid  will  be  blue,  but 
when  that  no  longer  happens,  the  nitrate  may  be  suffered  to  cool,  dissolved 
in  water,  and  filtered  from  the  insoluble  black  oxide  of  copper. 

*  If  this  formula  be  correct,  oxygen  moat  be  a  tretanad. 
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Silver  Sulphate,  SO.Agr  —  The  sulphate  may  be  prepared  by  boiling 
together  oil  of  vitriol  and  metallic  silver,  or  by  precipitating  a  concentrated 
solution  of  silver  nitrate  with  an  alkaline  sulphate.  It  dissolves  in  88 
parti  of  boiling  water,  and  separates  in  great  measure  in  the  crystalline 
form  on  cooling,  having  bat  a  feeble  degree  of  solubility  at  a  low  temper- 
•tare.  It  forms  with  ammonia  a  crystallizable  compound  which  is  freely 
soluble  in  water,  contains  SO.Ag, .  2NH,,  and  may  therefore  be  regarded  as 
vytntammonntm  sulphate,  S04(NH$Ag)r 

SUrer  hyposulphale,  S20,Ag3OHr  is  a  soluble  crystallisable  salt,  perma- 
nent in  the  air.  The  hyposulphite  is  insoluble,  white,  and  very  prone  to 
decomposition:  it  combines  with  the  alkaline  hyposulphites,  forming  sol- 
uble compounds  distinguished  by  an  intensely  sweet  taste.  The  alkaline 
hyposulphites  dissolve  both  oxide  and  chloride  of  silver,  and  give  rise  to 
similar  salts,  an  oxide  or  chloride  of  the  alkaline  metal  being  at  the  same 
time  formed:  hence  the  use  of  alkaline  hyposulphites  in  fixing  photographic 
pictures  (p.  97).  Silver  carbonate  is  a  white  insoluble  substance  obtained 
by  mixing  solutions  of  silver  nitrate  and  sodium  carbonate.  It  is  black- 
ened and  decomposed  by  boiling. 

Silver  Sulphide,  S Agr  —  This  is  a  soft,  gray,  and  somewhat  malleable 
substance,  found  native  in  the  crystallized  state,  and  easily  produced  by 
melting  together  its  constituents,  or  by  precipitating  a  solution  of  silver 
with  hydrogen  sulphide.  It  is  a  strong  sulphur-base,  and  combines  with 
the  salphides  of  antimony  and  arsenic :  examples  of  such  compounds  are 
found  in  the  beautiful  minerals,  dark  and  light-red  silver  ore. 

Ammonia-compound  or  Silver  ;  Bbrthollet's  Fulminating  Silver. — 
When  precipitated,  argentic  oxide  is  digested  in  ammonia,  a  black  substance 
is  produced,  possessing  extremely  dangerous  explosive  properties.  While 
mobt,  it  explodes  when  rubbed  with  a  hard  body,  but  when  dry  the  touch 
of  a  feather  is  sufficient.  The  ammonia  retains  some  of  this  substance  in 
solution,  and  deposits  it  in  small  crystals  by  spontaneous  evaporation.  A 
similar  compound  exists  containing  oxide  of  gold.  It  is  easy  to  understand 
the  reason  why  these  bodies  are  subject  to  such  violent  and  sudden  decom- 
position by  the  slightest  cause,  on  the  supposition  that  they  contain  an 
oxide  of  an  easily  reducible  metal  and  ammonia :  the  attraction  between 
the  two  constituents  of  the  substance  is  very  feeble,  while  that  between 
the  oxygen  of  the  one  and  the  hydrogen  of  the  other  is  very  powerful. 
The  explosion  is  caused  by  the  sudden  evolution  of  nitrogen  gas  and 
aqueous  vapor,  the  metal  being  set  free. 


Soluble  silver  salts  are  perfectly  characterized  by  the  white  curdy  pre- 
cipitate of  silver  chloride,  darkening  by  exposure  to  light,  and  insoluble 
in  hot  nitric  acid,  which  is  produced  by  the  addition  of  any  soluble  chlor- 
*%.  Lead  and  mercury  are  the  only  metals  which  can  be  confounded  with 
cilyer  in  this  respect ;  but  lead  chloride  is  soluble  to  a  great  extent  in 
boiling  water,  and  is  deposited  in  brilliant  acicular  crystals  when  the  solu- 
tion cools;  and  mercurous  chloride  is  instantly  blackened  by  ammonia, 
whereas  silver  chloride  is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  the  metallic  state  by  iron,  copper,  mer- 
cury, and  other  metals.  They  give  with  hydrogen  sulphide  a  black  precipi- 
tate of  argentic  sulphide  insoluble  in  ammonium  sulphide  ;  with  caustic 
alkaties,  a  brown  precipitate  of  argentic  oxide ;  and  with  alkaline  carbonates, 
*  white  precipitate  of  argentic  carbonate,  both  precipitates  being  easily 
soluble  in  ammonia.     Ordinary  sodium  phosphate  forms  a  yellow  precipitate 
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of  argentic  orthophosphate ;  potaanum  ehromaU  or  bichromate,  a  red-brown 
precipitate  of  argentic  chromate. 


The  economical  uses  of  silver  are  many:  it  is  admirably  adapted  for 
culinary  and  other  similar  purposes,  not  being  attacked  in  the  slightest 
degree  by  any  of  the  substances  used  for  food.  It  is  necessary,  however, 
in  these  cases,  to  diminish  the  softness  of  the  metal  by  a  small  addition 
of  copper.  The  standard  silver  of  England  contains  222  parts  of  silver 
and  18  parts  of  copper. 


CLASS  H.— DYAD  METAIA 
GROUP  I.— METALS  OF  THE  ALKALINE  EARTHS. 


BARIUM.* 

Atomic  weight,  187.    Symbol,  Ba. 

rpHIS  metal  occurs  abundantly  as  sulphate  and  carbonate,  forming  the 
X  vtmttone  in  many  lead  mines.  Davy  obtained  it  in  the  metallic  state 
by  means  similar  to  those  described  in  the  case  of  lithium.  Bunsen  sub- 
jects barium  chloride  mixed  up  to  a  paste  with  water  and  a  little  hydro- 
chloric acid,  at  a  temperature  of  100°,  to  the  action  of  the  eleotric  current, 
using  an  amalgamated  platinum  wire  as  the  negative  pole.  In  this  manner, 
the  metal  is  obtained  as  a  solid,  highly  crystalline  amalgam,  which,  when 
heated  in  a  stream  of  hydrogen,  yields  barium  in  the  form  of  a  tumefied 
mass,  tarnished  on  the  surface,  but  often  exhibiting  a  silver-white  lustre 
in  the  cavities.  Barium  may  also  be  obtained,  though  impure,  by  passing 
vapor  of  potassium  over  the  red-hot  ohloride  or  oxide  of  barium.  It  is 
malleable,  melts  below  a  red  heat,  decomposes  water,  and  gradually  oxi- 
dizes in  the  air. 

Babtuk  Chlobidb,  BaCl,.  OH- — This  valuable  salt  is  prepared  by  dis- 
solving the  native  carbonate  in  hydrochloric  acid,  filtering  the  solution, 
and  evaporating  until  a  pellicle  begins  to  form  at  the  surface :  the  solution 
on  cooling  deposits  crystals.  When  native  carbonate  cannot  be  procured, 
the  native  sulphate  may  be  employed  in  the  following  manner:  —  The  sul- 
phate is  reduced  to  fine  powder,  and  intimately  mixed  with  one  third  of 
its  weight  of  powdered  coal ;  the  mixture  is  pressed  into  an  earthen  cru- 
cible to  which  a  cover  is  fitted,  and  exposed  for  an  hour  or  more  to  a  high 
red  heat,  by  which  the  sulphate  is  converted  into  sulphide  at  the  expense 
of  the  combustible  matter  of  the  coal ;  the  black  mass  thus  obtained  is 
powdered  and  boiled  in  water,  by  which  the  sulphide  is  dissolved ;  and  the 
solution,  filtered  hot,  is  mixed  with  a  slight  excess  of  hydrochloric  acid. 
Barium  chloride  and  hydrogen  sulphide  are  then  produced,  the  latter  es- 
caping with  effervescence.  Lastly,  the  solution  is  filtered  to  separate  any 
little  insoluble  matter,  and  evaporated  to  the  crystallising  point. 

The  crystals  of  barium  chloride  are  flat  four-sided  tables,  colorless  and 
transparent.  They  contain  two  molecules  of  water,  easily  driven  off  by 
heat.  100  parts  of  water  dissolve  48-6  parts  at  15-6°,  and  78  parts  at 
104  5°,  which  is  the  boiling-point  of  the  saturated  solution. 

Babium  Monoxide,  Babtta,  BaO.—  The  best  method  of  preparing  this 
compound  is  to  decompose  the  crystallized  nitrate  by  heat  in  a  capacious 
porcelain  crucible  until  red  vapors  are  no  longer  disengaged :  the  nitrio 

•  Prom  /fyeV,  heavy,  In  allusion  to  the  great  specific  gravity  of  the  native  carbonate  an4 
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acid  is  resolved  into  nitrous  acid  and  oxygen,  and  the  baryta  remains  be- 
hind in  the  form  of  a  grayish  spongy  mass,  fusible  at  a  high  degree  of 
heat.  When  moistened  with  water,  it  combines  into  a  hydrate,  with  great 
elevation  of  temperature. 

Barium  Hydrate,  BaH,0,  =  BaO .  H,0  — This  compound  is  prepared  on 
a  large  scale  by  decomposing  a  hot  concentrated  solution  of  barium  chlor- 
ide with  a  solution  of  caustic  soda;  on  cooling,  crystals  of  barium  hydrate 
are  deposited,  which  may  be  purified  by  re-cry stalliiation.  In  the  labora- 
tory the  barium  hydrate  is  often  prepared  by  decomposing  the  sulphide 
with  black  oxide  of  copper.  (See  barium  sulphide.)  The  crystals  of 
barium  hydrate  contain  BaHfOa .  8  aq. ;  *  they  fuse  easily,  and  lose  their 
water  of  crystallisation  when  strongly  heated. 

The  hydrate  is  a  white,  soft  powder,  having  a  great  attraction  for  car- 
bonic acid,  and  soluble  in  20  parts  of  cold  and  2  parts  of  boiling  water. 
Solution  of  barium  hydrate  is  a  valuable  reagent:  it  is  highly  alkaline 
to  test-paper,  and  instantly  rendered  turbid  by  the  smallest  trace  of  car- 
bonic acid. 

Barium  Dioxide,  BaOr — This  oxide  may  be  formed,  as  already  men- 
tioned, by  exposing  baryta,  heated  to  full  redness  in  a  porcelain  tube,  to 
a  current  of  pure  oxygen  gas.  The  dioxide  is  gray,  and  forms  with  water 
a  white  hydrate,  which  is  not  decomposed  by  that  liquid  in  the  cold,  but 
dissolves  in  small  quantity.  Barium  hydrate,  when  heated  to  redness  in 
a  current  of  dry  atmospheric  air,  loses  its  water,  and  is  converted,  by  ab- 
sorption of  oxygen,  into  barium  dioxide,  from  which  the  second  atom  of 
oxygen  may  be  expelled  at  a  higher  temperature.  Boussingault  has  pro- 
posed to  utilize  these  reactions  for  the  preparation  of  oxygen  upon  a  large 
Bcale.  The  dioxide  may  also  be  made  by  heating  pure  baryta  to  redness 
in  a  platinum  crucible,  and  then  gradually  adding  an  equal  weight  of  po- 
tassium chlorate,  whereby  barium  dioxide  and  potassium  chloride  are  pro- 
duced. The  latter  may  be  extracted  by  cold  water,  and  the  dioxide  left 
in  the  state  of  hydrate.  It  is  interesting  chiefly  in  its  relation  to  hydrogen 
dioxide.  When  dissolved  in  dilute  acid,  it  is  decomposed  by  potassium 
bichromate,  and  by  the  oxide,  chloride,  sulphate,  and  carbonate  of  silver. 

Barium  Nitrate,  (NOs),Ba. —  The  nitrate  is  prepared  by  methods  ex- 
aotly  similar  to  those  adopted  for  preparing  the  chloride,  nitric  acid  being 
substituted  for  hydrochloric.  It  crystallizes  in  transparent  colorless  octo- 
hedrons,  which  are  anhydrous.  They  require  for  solution  8  parte  of  cold, 
and  8  parts  of  boiling  water.  This  salt  is  muoh  less  soluble  in  dilute 
nitric  acid  than  in  pure  water:  errors  sometimes  arise  from  such  a  preci- 
pitate of  crystalline  barium  nitrate  being  mistaken  for  sulphate.  It  dis- 
appears on  heating,  or  by  large  affusion  of  water. 

Barium  Sulphate,  S04Ba.  —  Found  native  as  heavy  spar  or  baryte*,  often 
beautifully  crystallized :  its  specific  gravity  is  as  high  as  4*4  to  4-8.  This 
compound  is  always  produced  when  sulphuric  aoid  or  a  soluble  sulphate  is 
mixed  with  a  solution  of  a  barium  salt.  It  is  not  sensibly  soluble  in  water 
or  in  dilute  acids:  even  in  nitric  it  is  almost  insoluble:  hot  oil  of  vitriol 
dissolves  a  little,  but  the  greater  part  separates  again  on  cooling.  Barium 
sulphate  is  now  produced  artificially  on  a  large  scale ;  it  is  used  as  a  sub- 
stitute for  white  lead  in  the  manufacture  of  oil-paints.  The  sulphate  to 
be  used  for  this  purpose  is  precipitated  from  very  dilute  solutions:  it  is 
known  in  commerce  as  blanejixe.    Powdered  native  barium  sulphate,  being 

•  The  symbol  aq.  (abbreriation  of  aqua)  Is  often  need  to  denote  water  of  crystallization. 
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rather  crystalline,  has  not  sufficient  body.  For  the  production  of  sulphate, 
the  chloride  of  barium  is  first  prepared,  which  is  dissolved  in  a  large 
quantity  of  water,  and  then  precipitated  by  dilute  sulphuric  acid. 

Barium  Carbonate,  COsBa.  — The  natural  carbonate  is  called  witherite: 
the  artificial  is  formed  by  precipitating  the  chloride  or  nitrate  with  an  al- 
kaline carbonate,  or  carbonate  of  ammonia.  It  is  a  heavy,  white  powder, 
very  sparingly  soluble  in  water,  and  chiefly  useful  in  the  preparation  of 
the  rarer  barium  salts. 

Barium  Sulphides. — The  monotulphide,  BaS,  is  obtained  in  the  manner 
already  described ;  the  higher  sulphides  may  be  formed  by  boiling  it  with 
sulphur.  Barium  monosulphide  crystallizes  from  a  hot  solution  in  thin, 
nearly  colorless  plates,  which  contain  water,  and  are  not  very  soluble: 
they  are  rapidly  altered  by  the  air.  A  strong  solution  of  this  sulphide  may 
be  employed  in  the  preparation  of  barium  hydrate,  by  boiling  it  with  small 
successive  portions  of  black  oxide  of  copper,  until  a  drop  of  the  liquid 
ceases  to  form  a  black  precipitate  with  lead  salts ;  the  filtered  liquid  on 
cooling  yields  crystals  of  the  hydrate.  In  this  reaction,  besides  hydrate 
of  barium,  the  hyposulphate  of  that  base,  and  sulphide  of  copper,  are  pro- 
duced ;  the  latter  is  insoluble,  and  is  removed  by  the  filter,  while  most  of 
the  hjposulphate  remains  in  the  mother-liquor. 


Solutions  of  barium  hydrate,  nitrate,  and  chloride,  are  constantly  kept 
in  the  laboratory  as  chemical  tests,  the  first  being  employed  to  effect  the 
separation  of  carbonic  acid  from  certain  gaseous  mixtures,  and  the  two 
latter  to  precipitate  sulphuric  acid  from  solution. 

Soluble  barium  salts  are  poisonous,  which  is  not  the  case  with  those  of 
the  base  next  to  be  described.     For  their  reactions,  see  p.  832. 


STRONTIUM. 

Atomic  weight,  87*5.     Symbol,  Sr. 

The  metal  strontium  may  be  obtained  from  its  oxide  by  means  similar  to 
those  described  in  the  case  of  barium :  it  is  usually  described  as  a  white 
metal,  heavy,  oxidizable  in  the  air,  and  capable  of  decomposing  water  at 
common  temperatures.  Matthiessen  states,  however,  that  it  has  a  dark- 
yellow  color,  and  specific  gravity  2-54.  He  prepares  it  by  filling  a  small 
crucible  having  a  porous  cell  with  anhydrous  strontium  chloride  mixed  with 
some  ammonium  chloride,  so  that  the  level  of  the  fused  chloride  in  the  cell 
is  much  higher  than  in  the  crucible.  The  negative  pole  placed  in  the  cell 
consists  of  a  very  fine  iron  wire.  The  positive  pole  is  an  iron  cylinder 
placed  in  the  crucible  round  the  cell.  The  heat  is  regulated  so  that  a  crust 
forms  in  the  cell,  and  the  metal  collects  under  this  crust. 

Strontium  Monoxide;  Strontia;  SrO. — This  compound  is  best  pre- 
pared by  decomposing  the  nitrate  with  aid  of  heat :  it  resembles  in  almost 
every  particular  the  earth  baryta,  forming,  like  that  substanoe,  a  white 
hydrate,  soluble  in  water.  A  hot  saturated  solution  deposits  crystals  on 
cooling,  which  contain  SrHs08 .  8  aq. :  heated  to  dull  redness  they  lose  the 
whole  of  their  water,  anhydrous  strontia  being  left.  The  hydrate  has  a 
great  attraction  for  carbonic  acid. 

Strontium  Dioxide,  SrOa  — Prepared  in  the  same  manner  as  barium 
dioxide :  it  may  be  substituted  for  the  latter  in  making  hydrogen  dioxide. 


326 


DYAD  METALS. 


The  native  carbonate  and  sulphate  of  strontium  serve  for  the  prepara- 
tion of  the  various  salts  by  means  exactly  similar  to  those  already  described 
in  the  case  of  barium  salts :  they  have  a  very  feeble  degree  of  solubility  in 
water. 

Strontium  Chloride,  SrC1r  —  The  chloride  crystallizes  in  colorless 
needles  or  prisms,  which  are  slightly  deliquescent,  and  soluble  in  2  parts 
of  cold  and  a  still  smaller  quantity  of  boiling  water:  they  are  also  soluble 
in  alcohol,  and  the  solution,  when  kindled,  burns  with  a  crimson  flame. 
The  crystals  contain  6  molecules  of  water,  which  they  lose  by  heat:  at  a 
higher  temperature  the  chloride  fuses. 

Strontium  Nitrate,  (NOt),8r.  — This  salt  crystallizes  in  anhydrons  octo- 
hedrons,  which  require  for  solution  5  parts  of  cold,  and  about  half  their 
weight  of  boiling  water.  It  is  principally  of  value  to  the  pyrotechnist,  who 
employs  it  in  the  composition  of  the  well-known  "red-fire."* 

The  spectral  phenomena  exhibited  by  strontium  compounds  are  mentioned 
on  page  89. 


CALCITT1C. 
Atomic  weight,  40.     Symbol,  Ca. 

Calcium  is  one  of  the  most  abundant  and  widely  diffused  of  the  metals, 
though  it  is  never  found  in  the  free  state.  As  carbonate,  it  occurs  in  a  great 
variety  of  forms,  constituting,  as  limestone,  entire  mountain-ranges.  Cal- 
cium was  obtained  in  an  impure  state  by  Davy,  by  means  similar  to  those 
adopted  for  the  preparation  of  barium.  Matthiessen  prepares  the  pure 
metal  by  fusing  a  mixture  of  two  molecules  of  calcium  chloride  and  one  of 
strontium  chloride  with  some  chloride  of  ammonium  in  a  small  porcelain 
crucible,  in  which  an  iron  cylinder  is  placed  as  positive  pole,  and  a  pointed 
iron  wire  or  a  little  rod  of  carbon  connected  with  the  zinc  of  the  battery  is 
made  to  touch  the  surface  of  the  liquid.  The  reduced  metal  fuses  and  drops 
off  from  the  point  of  the  iron  wire,  and  the  bead  is  removed  from  the  liquid 
by  a  small  iron  spatula.  Lies-Bodart  and  Gobinf  prepare  calcium  by  ig- 
niting the  iodide  with  an  equivalent  quantity  of  sodium  in  an  iron  crucible 
having  its  lid  screwed  down. 

Calcium  is  a  light  yellow  metal  of  sp.  gr.  1-5778.  It  is  about  as  hard  as 
gold,  very  ductile,  and  may  be  cut,  filed,  or  hammered  out  into  plates  as  thin 
as  the  finest  paper.  It  tarnishes  slowly  in  dry,  more  quickly  in  damp  air, 
decomposes  water  quickly,  and  is  still  more  rapidly  acted  upon  by  dilute 
acids.  Heated  on  platinum  foil  over  a  spirit-lamp,  it  burns  with  a  bright 
flash ;  with  a  brilliant  light  also  when  heated  in  oxygen  or  chlorine  gas,  or 
in  vapor  of  bromine,  iodine,  or  sulphur. 

Calcium  Chloride,  CaCl,.  is  usually  prepared  by  dissolving  marble  in 
hydrochloric  acid ;  also  a  by-product  in  several  chemical  manufactures. 


Rid  Frac: 

Grains. 

Gbbkv  Fras: 

Grains. 

Dry  strontium  nitrate 
8ulphur 

.    800 

Dry  barium  nitrate    . 
8tilphur 

450 

225 

.    160 

Potnsaium  chlorate 

.    200 

Potassium  chlorate    . 

100 

Lampblack  . 

60 

Lampblack 

.      » 

The  strontium  or  barium-salt,  the  sulphur  and  the  lampblack,  most  be  finely  powdered  and 
intimately  mixed,  after  which  ttto  poUsxium  chlorate  should  be  added  in  rather  coarse 
powder,  and  mixed,  without  much  rubbing,  with  the  other  ingredients.  The  red  fire  compo- 
sition has  been  known  to  ignite  spontaneously. 

f  Oomptea  Bendns,  xlvH.  28. 
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The  salt  separates  from  a  strong  solution  in  colorless,  prismatic,  and  exceed- 
ingly deliquescent  crystals,  which  contain  6  molecules  of  water.  By  heat 
this  water  is  expelled,  and  by  a  temperature  of  strong  ignition  the  salt  is 
fused.  The  crystals  reduced  to  powder  are  employed  in  the  production  of 
trtificial  cold  by  being  mixed  with  snow  or  powdered  ice ;  and  the  chloride, 
strongly  dried  or  in  the  fused  state,  is  of  great  practical  use  in  desiccating 
gases,  for  which  purpose  the  latter  are  slowly  transmitted  through  tubes 
filled  with  fragments  of  the  salt.  Calcium  chloride  is  also  freely  soluble  in 
tlcohol,  which,  when  anhydrous,  forms  with  it  a  definite  crystallizable  com- 
pound. 

Calciuk  Fluoride;  Fluor-spar;  CaFr  —  This  substance  is  important 
as  the  most  abundant  natural  source  of  hydrofluoric  acid  and  the  other 
fluorides.  It  occurs  beautifully  crystallized,  of  various  colors,  in  lead-veins, 
the  crystals  haying  commonly  the  cubic,  but  sometimes  the  octohedral  form, 
parallel  to  the  faces  of  which  latter  figure  they  always  cleave.  Some  varie- 
ties, when  heated,  emit  a  greenish,  and  some  a  purple  phosphorescent  light. 
The  fluoride  is  quite  insoluble  in  water,  and  is  decomposed  by  oil  of  vitriol 
in  the  manner  already  mentioned  (p.  192). 

Calciuk  Monoxide  ;  Lime  ;  CaO.  —  This  extremely  important  compound 
may  be  obtained  in  a  state  of  considerable  purity  by  heating  to  full  redness 
for  some  time  fragments  of  the  black  bituminous  marble  of  Derbyshire  or 
Kilkenny.  If  required  absolutely  pure,  it  must  be  made  by  igniting  to 
whiteness,  in  a  platinum  crucible,  an  artificial  calcium  carbonate,  prepared 
by  precipitating  the  nitrate  with  ammonia  carbonate.  Lime  in  an  impure 
state  is  prepared  for  building  and  agricultural  purposes  by  calcining,  in  a 
kiln  of  suitable  construction,  the  ordinary  limestones  which  abound  in  many 
districts ;  a  red  heat,  continued  for  some  hours,  is  sufficient  to  disengage 
the  whole  of  the  carbonic  acid.  In  the  best  contrived  lime-kilns  the  process 
is  carried  on  continuously,  broken  limestone  and  fuel  being  constantly 
thrown  in  at  the  top,  and  the  burned  lime  raked  out  at  intervals  from 
beneath.  Sometimes,  when  the  limestone  contains  silica,  and  the  heat  has 
been  very  high,  the  lime  refuses  to  slake,  and  is  said  to  be  over-burned;  in 
this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness ;  it  is  quite  infus- 
ible, and  phosphoresces,  or  emits  a  pale  light  at  a  high  temperature.  When 
moistened  with  water,  it  slakes  with  great  violence,  evolving  heat,  and 
crumbling  to  a  soft,  white,  bulky  powder,  which  is  a  hydrate  containing  a 
single  molecule  of  water :  the  latter  can  be  again  expelled  by  red-heat. 
This  hydrate,  CaHsOs  or  CaO.  OHa,  is  soluble  in  water,  but  far  less  so  than 
either  the  hydrate  of  barium  or  of  strontium,  and,  what  is  very  remark- 
able, the  colder  the  water,  the  larger  is  the  quantity  of  the  compound  that  is 
taken  np.  A  pint  of  water  at  15-5°  C.  (60°  F.)  dissolves  about  11  grains, 
while  at  100°  C.  ((212°  F.)  only  7  grains  are  retained  in  solution.  The  hy- 
drate has  been  obtained  in  thin  delicate  crystals  by  slow  evaporation  under 
the  air-pump.  Lime-water  is  always  prepared  for  chemical  and  pharma- 
ceutical purposes  by  agitating  cold  water  with  excess  of  calcium  hydrate  in 
a  closely  stopped  vessel,  and  then,  after  subsidence,  pouring  off  the  clear 
liquid,  and  adding  a  fresh  quantity  of  water,  for  another  operation :  there 
is  not  the  least  occasion  for  filtering  the  solution.  Lime-water  has  a  strong 
alkaline  reaction,  a  nauseous  taste,  and  when  exposed  to  the  air  becomes 
almost  instantly  covered  with  a  pellicle  of  carbonate,  by  absorption  of  car- 
bonic acid.  It  is  used,  like  baryta- water,  as  a  test  for  carbonic  acid,  and 
also  in  medicine.  Lime-water  prepared  from  some  varieties  of  limestone 
may  contain  potash. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  due  to  the 
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gradual  absorption  of  carbonic  acid ;  but  even  after  a  yery  great  length  of 
time,  this  conversion  into  carbonate  is  not  complete.  Mortar  is  known, 
under  favorable  circumstances,  to  acquire  extreme  hardness  with  age. 
Lime-cements  which  resist  the  action  of  water  contain  iron  oxides,  silica, 
and  alumina :  they  require  to  be  carefully  prepared,  and  the  stone  not  over- 
heated. When  they  are  ground  to  powder  and  mixed  with  water,  solidifi- 
cation speedily  ensues,  from  causes  not  yet  thoroughly  understood,  and  the 
cement,  once  in  this  condition,  is  unaffected  by  wet.  Parker's  or  Roman 
cement  is  made  in  this  manner  from  the  nodular  masses  of  calcareo-argil- 
laceous  ironstone  found  in  the  London  clay.  Lime  is  of  great  importance 
in  agriculture :  it  is  found  more  or  less  in  every  fertile  soil,  and  is  often 
very  advantogeously  added  by  the  cultivator.  The  decay  of  vegetable  fibre 
in  the  soil  is  thereby  promoted,  and  other  important  objects,  as  the  destruc- 
tion of  certain  hurtful  compounds  of  iron  in  marsh  and  peat-land,  are  often 
attained.  The  addition  of  lime  probably  serves  likewise  to  liberate  potas- 
sium from  the  insoluble  silicate  of  that  base  contained  in  the  soiL 

Calcium  Dioxide,  CaOx.  —  This  compound  is  stated  to  resemble  barium 
dioxide,  and  to  be  obtainable  by  treating  lime  with  hydrogen  dioxide. 

Calcium  Sulphate  ;  S04Ca.  —  Crystalline  native  calcium  sulphate,  con- 
taining two  molecules  of  water,  is  found  in  considerable  abundance  in  some 
localities  as  gypsum :  it  is  often  associated  with  rock-salt.  When  regularly 
crystallised,  it  is  termed  identic.  Anhydrous  calcium  sulphate  is  also  occa- 
sionally met  with.  The  salt  is  formed  by  precipitation,  when  a  moderately 
concentrated  solution  of  calcium  chloride  is  mixed  with  sulphuric  acid. 
Calcium  sulphate  is  soluble  in  about  500  parts  of  cold  water,  and  its  solu- 
bility is  a  little  increased  by  heat.  It  is  more  soluble  in  water  containing 
ammonium  chloride  or  potassium  nitrate.  The  solution  is  precipitated  by 
alcohol.  Gypsum,  or  native  hydrated  calcium  sulphate,  is  largely  employed 
for  the  purpose  of  making  casts  of  statues  and  medals,  and  also  for  moulds 
in  the  porcelain  and  earthenware  manufactures,  and  for  other  applications. 
It  is  exposed  to  heat  in  nn  oven  where  the  temperature  does  not  exceed 
127°  C.  (260°  F.),  by  which  the  water  of  crystallisation  is  expelled,  and  it 
is  afterwards  reduced  to  a  fine  powder.  When  mixed  with  water,  it  solidi- 
fies after  a  short  time,  from  the  re-formation  of  the  same  hydrate ;  but  this 
effect  does  not  happen  if  the  gypsum  has  been  over-heated.  It  is  often  called 
Plaster  of  Paris.  Artificial  colored  marbles,  or  scagliola,  are  frequently 
prepared  by  inserting  pieces  of  natural  stone  in  a  soft  stucco  containing 
this  substance,  and  polishing  the  Burface  when  cement  has  become  hard. 
Calcium  sulphate  is  one  of  the  most  common  impurities  of  spring  water. 

The  peculiar  property  water  acquires  by  the  presence  of  calcium  salts  is 
termed  hardness.  It  manifests  itself  by  the  effect  such  waters  have  upon 
the  palate,  and  particularly  by  its  peculiar  behavior  with  soap.  Hard 
water  yields  a  lather  with  soap  only  after  the  whole  of  the  calcium  salts 
have  been  thrown  down  from  the  water  in  the  form  of  an  insoluble  lime- 
soap.  Upon  this  principle  Prof.  Clark's  soap-test  for  the  hardness  of  water 
is  based.*  The  hardness  produced  by  calcium  sulphate  is  called  permanent 
hardness,  since  it  cannot  be  remedied. 

Calcium  Carbonate ;  Chalk;  Limestone;  Marble;  CO,Ca. — Calcium 
carbonate,  often  more  or  less  contaminated  with  iron  oxide,  clay,  and  or- 
ganic matter,  forms  rocky  beds,  of  immense  extent  and  thickness,  in  almost 
every  part  of  the  world.  These  present  the  greatest  diversities  of  texture 
and  appearance,  arising,  in  a  great  measure,  from  changes  to  which  they 
have  been  subjected  since  their  deposition.     The  most  ancient  and  highly 

*  Journal  of  the  Pharmaceutical  Society,  vol.  vi.  p.  626. 
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crystalline  limestones  are  destitute  of  visible  organic  remains,  while  those 
of  more  recent  origin  are  often  entirely  made  up  of  the  shelly  exuviae  of 
once-living  beings.  Sometimes  these  latter  are  of  such  a  nature  as  to 
show  that  the  animals  inhabited  fresh  water ;  marine  species  and  corals  are, 
however,  most  abundant.  Cavities  in  limestone  and  other  rocks  are  very 
often  lined  with  magnificent  crystals  of  calcium  carbonate  or  calcareous 
spar,  which  have  evidently  been  slowly  deposited  from  a  watery  solution. 
Calcium  carbonate  is  always  precipitated  when  an  alkaline  carbonate  is 
mixed  with  a  solution  of  that  base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it  is  freely 
taken  up  when  carbonic  acid  happens  at  the  same  time  to  be  present.  If 
a  little  lime-water  be  poured  into  a  vessel  of  that  gas,  the  turbidity  first 
produced  disappears  on  agitation,  and  a  transparent  solution  of  calcium 
carbonate  in  excess  of  carbonic  acid  is  obtained.  This  solution  is  decom- 
posed completely  by  boiling,  the  carbonic  acid  being  expelled,  and  the  car- 
bonate precipitated.  Since  all  natural  waters  contain  dissolved  carbonio 
acid,  it  is  to  be  expected  that  calcium  in  this  state  should  be  of  very  com- 
mon occurrence ;  and  such  is  really  found  to  be  the  fact,  river,  and  more 
especially  spring  water,  almost  invariably  containing  calcium  carbonate 
thus  dissolved.  In  limestone  districts,  this  is  often  the  case  to  a  great  ex- 
tent. The  hardness  of  water,  which  is  owing  to  the  presence  of  calcium 
carbonate,  is  called  temporary,  since  it  is  diminished  to  a  very  considerable 
extent  by  boiling,  and  may  be  nearly  removed  by  mixing  the  hard  water 
with  lime-water,  when  both  the  dissolved  carbonate  and  the  dissolved  lime, 
which  thus  becomes  carbonated,  are  precipitated.  Upon  this  principle 
Prof.  Clark's  process  of  softening  water  is  based.  This  process  is  of  con- 
siderable importance,  since  a  supply  of  hard  water  to  towns  is  in  many  re? 
spects  a  source  of  great  inconvenience.  As  already  mentioned,  the  use  of 
such  water,  for  the  purposes  of  washing,  is  attended  with  a  great  loss  of 
soap.  Boilers,  in  which  such  water  is  heated,  speedily  become  lined  with 
a  thick  stony  incrustation.*  The  beautiful  stalactitic  incrustations  of  lime- 
stone caverns,  and  the  deposit  of  calc-sinter  or  travertin  upon  various  ob- 
jects, and  upon  the  ground,  in  many  places,  are  thus  explained  by  the 
solubility  of  calcium  carbonate  in  water  containing  carbonio  acid. 

Crystallized  calcium  carbonate  is  dimorphous ;  calc-spar  and  arragonite, 
although  possessing  exactly  the  same  chemical  composition,  have  different 
crystalline  forms,  different  densities,  and  different  optical  properties.  Rose 
has  observed  that  calcium  carbonate  appears  in  the  form  of  calc-spar  when 
deposited  from  its  solution  in  water  containing  carbonio  acid  at  the  ordi- 
nary temperature.  At  90°  C.  (194°  F.),  and  on  ebullition,  however,  it  is 
chiefly  deposited  in  the  form  of  arragonite ;  at  lower  temperatures  the 
formation  of  arragonite  decreases,  whilst  that  of  calc-spar  increases,  the 
limit  for  the  formation  of  the  former  variety  being  between  80°  and  60°  C. 
(8b°— 122°  F.). 

Calc-spar  occurs  very  abundantly  in  crystals  derived  from  an  obtuse 
rhombohedron,  whose  angles  measure  105°  5'  and  74°  65' :  its  density 
varies  from  2  5  to  2  8.  The  rarer  variety,  or  arragonite,  is  found  in  crys- 
tals whose  primary  form  is  a  right  rhombic  prism,  a  figure  having  no  geo- 
metrical relation  to  the  preceding:  it  is,  besides,  heavier  and  harder. 

Calcium  Phosphates. — A  number  of  distinct  calcium  salts  of  phos- 
phoric acid  are  known.     The  tribasie  phosphate*,  or  orthophosphates,  (P04), 

•  Many  proposal*  nave  been  made  to  prevent  the  formation  of  boiler  deposits.  The  most 
efficient  appears  to  be  the  method  of  Dr.  liitterb:«nd,  which  comitate  in  throwing  into  the  boiler 
a  email  quantity  of  sal-ammoniac,  when  carbonate  of  ammonia  is  formed,  which  in  volatilized 

with  therteam,  calcium  chloride  remaining  in  notation.    It  need  scarcely  be  men*' J  **--*• 

this  plan  \*  inapplicable  in  the  case  of  permanently  hard  waters. 

28* 
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Ca"t  and  (P04)Ca"H,  are  produced  when  the  corresponding  sodium  salts 
are  added  in  solution  to  calcium  chloride;  the  first  in  slightly  crystalline, 
and  the  second  gelatinous.  When  the  first  phosphate  is  digested  with  am- 
monia, or  dissolved  in  acid  and  re-precipitated  by  that  alkali,  it  is  converted 
into  the  second.  The  earth  of  bones  consists  principally  of  what  appears 
to  be  a  combination  of  these  two  salts.  Another  orthophosphate,  (P04)3 
Ca"H4,  is  formed  by  dissolving  either  of  the  preceding  in  phosphoric,  hy- 
drochloric, or  nitric  acid,  and  evaporating  until  the  salt  separates  on  cool- 
ing in  small  platy  crystals.  It  is  the  substance  which  yields  phosphorus 
when  heated  with  charcoal,  in  the  ordinary  process  of  manufacture  before 
described.  Pyrophosphate*  and  Metaphosp  hates  of  calcium  also  exist.  These 
phosphates,  although  insoluble  in  water,  dissolve  readily  in  dilute  acids, 
even  in  acetic  acid.     The  mineral  apatite  is  chiefly  calcium  phosphate. 

Chloride  of  Lime  ;  Bleaching  Powder.  —  When  calcium  hydrate,  very 
slightly  moist,  is  exposed  to  chlorine  gas,  the  latter  is  eagerly  absorbed, 
and  a  compound  produced  which  has  attracted  a  great  deal  of  attention: 
this  is  the  bleaching  powder  of  commerce,  now  manufactured  on  ah  im- 
mense scale,  for  bleaching  linen  and  cotton  goods.  It  is  requisite,  in 
preparing  this  substance,  to  avoid  with  the  greatest  care  all  elevation  of 
temperature,  which  may  be  easily  done  by  supplying  the  chlorine  slowly 
in  the  first  instance.  The  product,  when  freshly  and  well  prepared,  is  a 
soft,  white  powder,  which  attracts  moisture  from  the  air,  and  exhales  an 
odor  sensibly  different  from  that  of  chlorine.  It  is  soluble  in  about  10 
parts  of  water,  the  unaltered  hydrate  being  left  behind :  the  solution  is 
highly  alkaline,  and  bleaches  feebly.  When  calcium  hydrate  is  suspended 
in  cold  water,  and  chlorine  gas  transmitted  through  the  mixture,  the  lime 
is  gradually  dissolved,  and  the  same  peouliar  bleaching  compound  pro- 
duced: the  alkalies  also,  either  caustic  or  carbonated,  may  fiy  similkr 
means  be  made  to  absorb  a  large  quantity  of  chlorine,  and  give  rise  \o  cor- 
responding compounds ;  such  are  the  "disinfecting  solutions"  of  Labar- 
raque. 

The  most  consistent  view  of  the  constitution  of  these  compounds  is  that 
which  supposes  them  to  contain  salts  of  hypochlorous  acid,  HC10,  a  sub- 
stance as  remarkable  for  bleaching  powers  as  chlorine  itself;  and  this 
opinion  seems  borne  out  by  a  careful  comparison  of  the  properties  of  the 
bleaching  salts  with  those  of  the  true  hypochlorites.  Hypochlorous  acid 
can  be  actually  obtained  from  good  bleaching-powder,  by  distilling  it  with 
dilute  sulphuric  or  nitric  acid,  in  quantity  insufficient  to  decompose  the 
whole :  when  the  acid  is  used  in  excess,  chlorine  is  disengaged.* 

If  this  view  be  correct,  chloride  of  calcium  must  be  formed  simultane- 
ously with  the  hypochlorite,  as  shown  by  the  following  equation : 

2CaO  +  Cl4  ==  CaCl,  +  CaCl,Ot 
Lime.  Calcium       Calcium 

chloride,    hypochlorite. 

When  the  temperature  of  the  calcium  hydrate  has  risen  during  the  absorp- 
tion of  the  chlorine,  or  when  the  compound  has  been  subsequently  "exposed 
to  heat,  its  bleaching  properties  are  impaired  or  altogether  destroyed :  it 
then  contains  chlorate  and  chloride  of  calcium ;  oxygen,  in  variable  quan- 
tity, is  usually  set  free.  The  same  change  seems  to  ensue  by  long  keeping, 
even  at  the  common  temperature  of  the  air.  In  an  open  vessel  it  is 
speedily  destroyed  by  the  carbonic  acid  of  the  air.  Commercial  bleaching- 
powder  thus  constantly  varies  in  value  with  its  age,  and  with  the  care  ori- 
ginally bestowed  upon  its  preparation :  the  best  may  contain  about  30  per 

•  Gay-LuMac,  Ann.  Chim.  Phy«.,  3d  series,  ▼.  296. 
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cent  of  available  chlorine,  easily  liberated  by  an  acid,  which  is,  however, 
far  short  of  the  theoretical  quantity. 

The  general  method  in  which  this  substance  is  employed  for  bleaching  is 
the  following:  The  goods  are  first  immersed  in  a  dilute  solution  of  chloride 
of  lime  and  then  transferred  to  a  vat  containing  dilute  sulphuric  acid. 
Decomposition  ensues;  the  calcium  both  of  the  hypochlorite  and  of  the 
chloride  is  converted  into  sulphate,  while  the  free  hypochlorous  and  hydro- 
chloric acids  yield  water  and  free  chlorine : 

CaCLO.  +  CaCl,  +  2S04H.  =  2S04Ca  +  2HC10  +  2HC1; 
and:  HCIO  +  MCI  =  OH2  +  Clr 

The  chlorine, thus  disengaged  in  contact  with  the  cloth  causes  the  destruc- 
tion of  the  coloring  matter.  This  process  is  often  repeated,  it  being  unsafe 
to  use  strong  solutions.  White  patterns  are  on  this  principle  imprinted 
upon  colored  cloth,  the  figures  being  stamped  with  tartaric  acid  thiokened 
with  gam-water,  and  then  the  stuff  immersed  in  the  chloride  bath,  when 
the  parts  to  which  no  acid  has  been  applied  remain  unaltered,  while  the 
printed  portions  are  bleached. 

For  purifying  an  offensive  or  infectious  atmosphere,  as  an  aid  to  proper 
ventilation,  the  bleaching  powder  is  very  convenient.  The  solution  is  ex- 
posed in  shallow  vessels,  or  cloths  steeped  in  it  are  suspended  in  the  apart- 
ment, when  the  carbonic  acid  of  the  air  slowly  decomposes  it  in  the  manner 
abore  described.  An  addition  of  a  strong  acid  causes  rapid  disengagement 
of  chlorine. 

The  value  of  any  sample  of  bleaching  powder  may  be  easily  determined 
by  the  following  method,  in  which  the  feebly  combined  chlorine  is  esti- 
mated by  its  effect  in  oxidizing  a  ferrous  salt  to  ferric  salt,  2  molecules  of 
ferrous  ox/de,  FeO,  requiring  for  this  purpose  2  atoms  of  chlorine:  the 
lat'ter  acts  by  decomposing  water  and  liberating  a  corresponding  quantity 
of  oxygen.  78  (more  correctly  78*16)  grains  of  green  ferrous  sulphate 
are  dissolved  in  about  two  ounces  of  water,  and  acidulated  by  a  few  drops 
of  sulphuric  or  hydrochloric  acid :  this  quantity  will  require  for  oxidation 
10  grains  of  chlorine.  Fifty  grains  of  the  chloride  of  lime  to  be  examined 
are  next  rubbed  up  with  a  little  tepid  water,  and  the  whole  transferred  to 
the  burette  *  before  described,  which  is  then  filled  up  to  0  with  water,  after 
which  the  contents  are  well  mixed  by  agitation.  The  liquid  is  next  grad- 
ually poured  into  the  solution  of  iron,  with  constant  stirring,  until  all  the 
iron  is  brought  to  the  state  of  ferric  salt,  which  may  be  known  by  a  drop 
ceasing  to  give  a  deep-blue  precipitate  with  potassium  ferricynnide.  The 
number  of  grain-measures  of  the  chloride  solution  employed  may  then  be 
read  off:  since  these  must  contain  10  grains  of  serviceable  chlorine,  the 
quantity  of  the  latter  in  the  50  grains  may  be  easily  reckoned.  Thus, 
suppose  72  such  measures  have  been  taken ;  then 

Measure*.      Grs.  Chlorine.  Measures.         Ors.  Chlorine. 

72        :         10        =        100        :         13-89 

The  bleaching-powder  contains  therefore  27*78  per  cent.f 

Calcium  Sulphides. — The  monosulphide,  CaS,  is  obtained  by  reducing 
the  sulphate  at  a  high  temperature  with  charcoal  or  hydrogen :  it  is  nearly 
colorless,  and  but  little  soluble  in  water.  By  boiling  together  calcium 
hydrate,  water,  and  flowers  of  sulphur,  a  red  solution  is  obtained,  which, 
on  cooling,  deposits  crystals  of  the  bisulphide,  CaS2,  containing  water. 

•See  p.  305. 

t  Graham's  Elements,  voL  L  p.  603.  For  other  methods,  see  Watta's  Dictionary  of  Chemis- 
try,Lp.904. 
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When  the  sulphur  is  in  excess,  and  the  boiling  long  continued,  &  penta- 
sulphide  is  generated :  hyposulphurous  acid  is  formed  as  usual  during 
these  reactions. 

Calcium  Phosphide. — When  vapor  of  phosphorus  is  passed  over  frag- 
ments of  lime  heated  to  redness  in  a  porcelain  crucible,  a  chocolate-brown 
compound,  the  so-called  phosphuret  of  lime,  is  produced.  This  substance  is 
probably  a  mixture  of  calcium  phosphide  and  phosphate.  When  thrown 
into  water  it  yields  spontaneously  inflammable  hydrogen  phosphide.  Ac- 
cording to  Paul  Thenard,  the  calcium  phosphide  in  this  compound  has  the 
composition  P8Car  In  contact  with  water  it  yields  liquid  hydrogen  phos- 
phide, P,H4  (p.  216) : 

P,Ca,  +  20H,  =  2CaO  +  P,H4: 

and  the  greater  portion  of  this  liquid  phosphide  is  immediately  decomposed 
into  solid  and  gaseous  hydrogen  phosphide : 

5P,H4    =    P4Ht    +     6PH, 
Liquid.  Solid.  Qaaeoiu. 


Reactions  of  the  Alkaline  Earth-metal*  in  solution.  —  Barium,  strontium,  and 
calcium  are  thus  distinguished  from  all  other  substances,  and  from  each 
other. 

Caustic  potash,  when  free  from  carbonate,  and  caustic  ammonia,  occasion 
no  precipitates  in  dilute  solutions  of  the  alkaline  earths,  especially  of  the 
first  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  give  white  precipitates,  in- 
soluble in  excess  of  the  precipitant,  with  all  three. 

Sulphuric  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of  the  salts 
of  these  metals,  gives  an  immediate  white  precipitate  with  barium  salts; 
a  similar  precipitate  after  a  short  interval  with  strontium  salts ;  and  occa- 
sions no  change  with  calcium  salts.  The  precipitates  with  barium  and 
strontium  salts  are  insoluble  in  nitric  acid. 

Solution  of  calcium  sulphate  gives  an  instantaneous  cloud  with  barium 
salts,  and  one  with  strontium  salts  after  a  little  time.  Strontium  sulphate  is 
itself  sufficiently  soluble  to  occasion  turbidity  when  mixed  with  barium 
chloride. 

Lastly,  the  soluble  oxalates  give  a  white  precipitate  in  the  most  dilute 
solutions  of  calcium  salts,  which  is  not  dissolved  by  a  drop  or  two  of  hy- 
drochloric, or  by  an  excess  of  acetic  acid.  This  is  an  exceedingly  charac- 
teristic test. 

The  chlorides  of  strontium  and  calcium  dissolved  in  alcohol  color  the  flame 
of  the  latter  red  or  purple:  barium  salts  communicate  to  the  flame  a  pale 
green  tint. 

Silicofluoric  acid  gives  a  white  precipitate  with  barium  salts,  none  with 
salts  of  strontium  or  calcium. 


GROUP  II.  — METALS  OF  THE  EARTHS. 

The  dyad  earth-metals  are  beryllium,  thorinum,  yttrium,  erbium,  lan- 
thanum, and  didymium.  With  these  it  will  be  convenient  to  describe  the 
tetradic  metals,  aluminium,  zirconum,  and  cerium;  the  first  two  because 
their  oxides  are  of  decidedly  earthy  character:  in  fact,  alumina  may  be 
looked  upon  as  the  type  of  an  earthy  oxide;  and  the  third  on  account  of 
its  constant  association  with  lanthanum  and  didymium. 
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ALUMINIUM. 
Atomic  weight,  27-4.     Symbol,  AL 

This  metal  occurs  very  abundantly  in  nature  in  the  state  of  silicate,  as 
in  felspar  and  its  associated  minerals ;  also  in  the  various  modifications  of 
clay  thence  derived.  It  was  first  isolated  by  Wohlcr,  who  obtained  it  as  a 
gray  powder  by  decomposing  aluminium  chloride  with  potassium ;  and  H. 
Sainte-Claire  Deville,  by  an  improved  process  founded  on  the  same  prin- 
ciple, has  succeeded  in  obtaining  it  in  the  compact  form  and  on  the  manu- 
facturing scale.  The  process  consists  in  decomposing  the  double  chloride 
of  aluminium  and  sodium,  Al,Clf.  2NaCl,  by  heating  it  with  metallic  sodium, 
fluor-spar  or  cryolite  being  added  as  a  flux.  The  reduction  is  effected 
in  crucibles,  or  on  the  large  scales  on  the  hearth  of  a  reverberatory  furnace. 
Sodium  is  used  as  the  reducing  agent  in  preference  to  potassium :  first, 
because  it  is  more  easily  prepared ;  and,  secondly,  because  it  has  a  lower 
atomic  weight,  and,  consequently,  a  smaller  quantity  of  it  suffices  to  do  the 
same  amount  of  chemical  work. 

Aluminium  is  also  prepared  directly  from  cryolite  by  reduction  with 
sodium,  but  the  metal  thus  obtained  is  said  to  be  more  contaminated  with 
iron  and  silicium  than  that  prepared  by  Deville's  process. 

Aluminium  is  remarkable  for  its  low  specific  gravity,  which  is  2*6 :  it  is 
nearly  as  white  as  silver,  and  is  capable  of  assuming  a  high  polish.  It  is 
employed  in  the  manufacture  of  delicate  apparatus  and  ornamental  articles. 
Some  of  the  alloys  of  aluminium  promise  to  become  more  generally  appli- 
cable, more  especially  the  alloy  with  copper,  which  is  remarkable  for  being 
similar  in  appearance  to  gold :  this  alloy  is  found  already  in  commerce 
under  the  name  of  aluminium  bronze. 

Aluminium  forms  only  one  class  of  compounds,  in  all  of  which  it  appears 
to  be  trivalent,  one  atom  of  the  metal  being  equivalent  to  three  atoms  of 
hydrogen ;  thus  the  chloride  is  Al///.iCl9.  the  oxide  Al///10a»  &c.  Each  of 
these  compounds,  however,  contains  two  atoms  of  aluminium,  and  it  may 
therefore  be  supposed  that  the  aluminium  is  really  tetradic,  one  unit  of 
equivalency  in  each  atom  being  neutralized  by  one  unit  in  the  other ;  thus, 

A1C1, 
the  chloride  is   I        .     That  such  is  the  case  is  inferred  from  the  resem- 

A1C1, 
blance  of  the  aluminium  compounds  to  the  ferrio  and  chromic  compounds 
(p.  272). 

Aluxih run  Chloride,  A1,C16.  —  This  compound  is  obtained  in  solution  by 
dissolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid  ;  but  the  so- 
lution, when  evaporated,  gives  off  hydrochloric  acid  and  leaves  alumina. 
The  anhydrous  chloride  may  be  prepared  by  heating  a  mixture  of  alumina 
and  finely  divided  carbon  in  chlorine  gas. 

Pure  precipitated  alumina  is  dried  and  mixed  with  oil  and  lampblack,  and 
the  mixture,  after  being  strongly  calcined  in  a  covered  crucible,  is  intro- 
duced into  a  porcelain  tube  or  tubulated  earthen  retort  placed  in  a  furnace, 
and  connected  at  one  end  with  an  apparatus  for  evolving  chlorine,  and  at 
the  other  with  a  dry  receiver.  On  raising  the  heat  to  bright  redness,  and 
passing  chlorine  through  the  apparatus,  aluminium  chloride  distils  over, 
together  with  carbon  monoxide,  and  condenses  as  a  solid  mass  in  the  re- 
ceiver. 

a^o,  +   Cs  +  ci,  =  ai,ci«  +  ace 

Aluminium  chloride  is  a  transparent  waxy  substance,  having  a  crystal- 
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line  structure,  colorless  when  pure,  but  generally  exhibiting  a  yellow  color, 
due  perhaps  to  the  presence  of  iron.  It  boils  at  about  180°,  fumes  in  the 
air,  and  smells  of  hydrochloric  acid.  It  is  very  deliquescent,  and  dissolves 
readily  in  water ;  the  solution  when  left  to  evaporate  yields  the  hydrated 
chloride,  AllClf.120Hr  in  six-sided  prisms,  which  when  heated  are  resolved 
into  alumina  and  hydrochloric  acid. 

Aluminium  and  Sodium  Chloride,  Alfi^  2NaCi,  is  obtained  by  melting  to- 
gether the  component  chlorides  in  proper  proportions,  or  by  adding  the 
requisite  quantity  of  sodium  chloride  to  the  mixture  of  alumina  and  char- 
coal used  for  the  preparation  of  aluminium  chloride,  igniting  the  mass  in 
ohlorine  or  hydrochloric  acid,  and  condensing  the  vapor  in  a  receiver.  It 
is  a  crystalline  mass,  less  deliquescent  than  aluminium  chloride,  and,  there- 
fore, more  convenient  for  the  preparation  of  aluminium. 

Aluminium  Fluoride,  A1,F0.  is  produced  by  the  action  of  gaseous  silicium 
fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilizing  at  a  red  heat, 
insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Aluminium  and  Sodium  Fluoride,  AlsF6.6NaF,  occurs  abundantly,  as  cryolite, 
at  Evigtok  in  Greenland,  and  is  prepared  artificially  by  pouring  hydro- 
fluoric acid  in  excess  on  a  mixture  of  calcined  alumina  and  sodium  car- 
bonate. Cryolite  forms  quadratic  crystals,  colorless,  transparent,  softer 
than  felspar,  and  of  specific  gravity  2*96.  It  is  used,  as  already  mentioned, 
for  the  preparation  of  aluminium,  and  in  Germany  for  the  manufacture  of 
soda  for  the  use  of  soap-boilers. 

Aluminium  Oxidk.  Alumina,  Al/),. — This  substance  is  inferred  to  be 
a  Besquioxide  from  its  isomorphism  with  ferric  oxide.  It  is  prepared  by 
mixing  a  solution  of  alum  with  excess  of  ammonia,  by  which  an  extremely 
bulky,  white,  gelatinous  precipitate  of  aluminium  hydrate  is  thrown  down. 
This  is  washed,  dried,  and  ignited  to  whiteness.  Thus  obtained,  alumina 
constitutes  a  white,  tasteless,  coherent  mass,  very  little  acted  upon  by  acids. 
It  is  fusible  before  the  oxy-hydrogen  blowpipe.  The  mineral  called  corun- 
dum, of  which  the  ruby  and  sapphire  are  transparent  varieties,  consists  of 
nearly  pure  alumina  in  a  crystallized  state,  with  a  little  coloring  oxide: 
emery,  used  for  polishing  glass  and  metals,  is  a  coarse  variety  of  corundum. 
Alumina  is  a  very  feeble  base,  and  its  salts  have  often  an  acid  reaction. 

Aluminium  Hydrates. — Aluminium  forms  three  hydrates;  namely: 

Monohydrate    .        .     A1H0,      orAL/VOHL 
Dihydrate      .         .         k\JftfiE  or  AL/), .  20  H, 
Trihidrate  .     A1,H90,  or  Ai,Of .  80Hr 

The  monohydrate  is  found  native,  as  diatpore,  in  translucent  masses  which 
crumble  to  powder  when  heated,  and  give  off  the  whole  of  their  water  at 
860°. 

The  trihydrate  is  the  ordinary  gelatinous  precipitate  obtained  by  treating 
solutions  of  aluminium-salts — alum,  for  example  —  with  ammonia  or  al- 
kaline carbonates.  When  dried  at  a  moderate  heat,  it  forms  a  soft  friable 
mass,  which  adheres  to  the  tongue  and  forms  a  stiff  paste  with  water,  but 
does  not  dissolve  in  that  liquid.  At  a  strong  red  heat,  it  parts  with  its 
water,  and  undergoes  a  very  great  contraction  of  volume.  It  dissolves 
with  great  facility  in  acids,  and  in  the  fixed  caustic  alkalies.  When  a  solu- 
tion of  alumina  in  caustic  potash  is  exposed  to  the  air,  the  potash  absorbs 
carbonio  acid,  and  the  aluminium  trihydrate  is  then  deposited  in  white 
crystals,  which  are  but  sparingly  soluble  in  acids. 

Aluminium  trihydrate  has  a  very  powerful  attraction  for  organic  matter, 
and  when  digested  in  solutions  of  vegetable  coloring-matter,  combines  with 
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tod  carries  down  the  coloring  matter,  which  is  thus  remoyed  entirely  from 
the  liquid  if  the  alumina  is  in  sufficient  quantity.  The  pigments  called 
Uket  are  compounds  of  this  nature.  The  fibre  of  cotton  impregnated  with 
alumina  acquires  the  same  power  of  retaining  coloring  matters :  hence  the 
great  use  of  aluminous  salts  as  mordant*  to  produce  fast  colors. 

Alaminium  trihydrate  occurs  native  as  Gibbsite,  a  stalactitic,  translucent, 
fibrous  mineral,  easily  dissolved  by  acids. 

DihydraU.  —  When  a  dilute  solution  of  aluminium  diacetate  is  exposed 
for  several  days  to  a  temperature  of  100°  in  a  close  vessel,  the  acetic  acid 
appears  to  be  set  free,  although  no  precipitation  of  alumina  takes  place. 
The  liquid  acquires  the  taste  of  acetic  acid,  and  if  afterwards  boiled  in  an 
open  vessel,  gives  off  nearly  the  whole  of  its  acetic  acid,  the  alumina  never- 
theless remaining  in  solution.  This  solution  is  coagulated  by  mineral  acids 
and  by  most  vegetable  acids,  by  alkalies,  and  by  decoctions  of  dye-woods. 
The  alumina  contained  in  it  is,  however,  no  longer  capable  of  acting  as  a 
mordant.  Its  coagulum  with  dye-woods  has  the  color  of  the  infusion,  but 
is  translucent  and  totally  different  from  the  dense  opaque  lakes  which 
ordinary  alumina  forms  with  the  same  coloring  matters.  On  evaporating 
the  solution  to  dryness  at  100°,  the  alumina  remains  in  the  form  of  dihy- 
drate,  retaining  only  a  trace  of  acetic  acid.  In  this  state  it  is  insoluble  in 
the  stronger  acids,  but  soluble  in  acetic  acid,  provided  it  hns  not  been  pre- 
viously coagulated  in  the  manner  just  mentioned.  Boiling  potash  converts 
it  into  the  trihydrate.* 

Aluminate*.  —  The  hydrogen  in  aluminium  trihydrate  may  be  replaced  by 
an  equivalent  quantity  of  various  metals;  such  compounds  are  called 
aluminates.  According  to  Frlmy,  a  solution  of  alumina  in  potash  slowly 
evaporated,  out  of  contact  with  the  air,  deposits  granular  crystals  of  po- 
tassium aluminate,  Al///KOr  or  Al,OaOKr  Similar  compounds  occur  na- 
tive; thus  Spinell  is  an  aluminate  of  magnesium,  Al///,Mg//04 ;  Gahnite,  an 
aluminate  of  sine,  Al"',Zn"04. 

Aiumdtium  Sulphid*,  Al,Sr  —  When  the  vapor  of  carbon  bisulphide  is 
passed  over  alumina,  at  a  bright  red-heat,  a  glassy  melted  mass  remains, 
which  is  instantly  decomposed  by  water,  with  evolution  of  sulphuretted 
hydrogen. 

Aluminium  Sulphati,  (S04)f Al'"r  180Hr  or  Al,Ot.  SSOj.lSOH,.— . 
Prepared  by  saturating  dilute  sulphuric  acid  with  aluminium  hydrate,  and 
evaporating ;  or,  on  the  large  scale,  by  heating  clay  with  sulphuric  acid. 
It  crystallizes  in  thin  pearly  plates,  soluble  in  2  parts  of  water ;  it  has  a 
sweet  and  astringent  taste,  and  an  acid  reaction.  Heated  to  redness,  it  is 
decomposed,  leaving  pure  alumina.  Two  other  aluminium  sulphates,  with 
excess  of  base,  are  also  described,  one  of  which  is  insoluble  in  water. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium,  sodium, 
and  ammonium,  and  the  other  alkali-metals,  forming  double  salts  of  great 
interest,  the  alums.  Common  alum,  the  source  of  all  the  preparations  of 
alumina,  contains  (S04)tAl/"K.120Hr  It  is  manufactured  on  a  very  large 
scale  from  a  kind  of  slaty  clay,  loaded  with  iron  bisulphide,  which  abounds 
in  certain  localities.  This  is  gently  roasted,  and  then  exposed  to  the  air  in 
a  moistened  state;  oxygen  is  absorbed ;  the  sulphur  becomes  acidified ;  fer- 
rous sulphate  and  aluminium  sulphate  are  produced,  and  afterwards  sepa- 
rated by  lixiviation  with  water.  The  solution  is  next  concentrated,  and 
mixed  with  a  quantity  of  potassium  chloride,  which  decomposes  the  iron- 
salt,  forming  ferrous  chloride  and  potassium  sulphate :  the  latter  combines 
with  the  aluminium  sulphate  to  form  alum.     By  crystallization  the  alum  is 

•  Walter  Cram,  Chem.  8oc.  Journ.  vl.  223, 


836  EARTH-METALS. 

separated  from  tbe  highly  soluble  iron  chloride,  and  afterwards  easily  pu- 
rified by  a  repetition  of  the  process.  Other  methods  of  alum-making 
exist,  and  are  sometimes  employed.  Potassium-alum  crystallizes  in  colorless, 
transparent  octohedrons  which  often  exhibit  the  faces  of  the  cube.  It  has 
a  sweetish  and  astringent  taste,  reddens  litmus-paper,  and  dissolves  in  18 
parts  of  water  at  15-5°,  and  in  its  own  weight  of  boiling  water.  Exposed 
to  heat,  it  is  easily  rendered  anhydrous,  and  by  a  very  high  temperature  it 
is  decomposed.  The  crystals  have  little  tendency  to  change  in  the  air. 
Alum  is  largely  used  in  the  arts,  in  preparing  skins,  dyeing,  Ac. :  it  is  oc- 
casionally contaminated  with  iron  oxide,  which  interferes  with  some  of  its 
applications.  The  celebrated  Roman  alum,  made  from  alum-stone,  a  fel- 
spathick  rock  altered  by  sulphurous  vapors,  was  once  much  prised  on  ac- 
count of  its  freedom  from  this  impurity.  A  mixture  of  dried  alum  and 
sugar,  carbonized  in  an  open  pan,  and  then  heated  to  redness  in  a  glass 
flask,  contact  with  air  being  avoided,  furnishes  the  pyrophonu  of  Homberg, 
which  ignites  spontaneously  on  exposure  to  the  atmosphere.  The  essential 
ingredient  is,  in  all  probability,  finely  divided  potassium  sulphide. 

Sodium-alum,  in  which  sulphate  of  sodium  replaces  sulphate  of  potassium, 
has  a  form  and  constitution  similar  to  that  of  the  salt  described:  it  is, 
however,  much  more  soluble,  and  difficult  to  crystallize. 

Ammonium-alum,  containing  NH4  instead  of  K,  very  olosely  resembles 
common  potassium-alum,  having  the  same  figure,  appearance,  and  consti- 
tution, and  nearly  the  same  degree  of  solubility  as  that  substance.  It  is 
manufactured  for  commercial  use.  As  the  value  of  potassium  salts  is  con- 
tinually increasing,  ammonium-alum,  which  may  be  used  in  dyeing  with 
the  same  advantage  as  the  corresponding  potassium  salt,  has  almost  en- 
tirely replaced  the  potassium-alum.  When  heated  to  redness,  ammonium- 
alum  yields  pure  alumina. 

Canum-alum,  (S04),Al"'Cs.l2OH1,  and  Rubidium-alum,  (S04),Al"'Rb. 
120  VLV  resemble  potassium  alum.  Atilveralum,  (S04)IAl///Ag.l20Hr  is 
formed  by  heating  equivalent  quantities  of  argentic  and  aluminium  sul- 
phates till  the  former  is  dissolved.  It  crystallizes  ih  regular  octohedrons, 
and  is  resolved  by  water  into  its  component  salts.  There  is  also  a  thallium 
alum,  (S04),Al'"T1.120Hr  which  crystallizes  in  regular  octohedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described,  in  which 
the  trivalent  aluminium  is  replaced  by  trivalent  iron,  chromium,  and  man- 
ganese: for  example,  potassio-ferric  sulphate  or  potassium  iron  alum,  (S04)s 
Fe'"K.120Hf;  ammonio -chromic  sulphate,  (S04)aCr'"NH4.120Hr  These 
will  be  described  further  on. 

Few  other  aluminium  salts  present  especial  interest,  except  the  silicates ; 
but  these  latter  are  of  great  importance.  Silicates  of  aluminium  enter 
into  the  composition  of  a  number  of  crystallized  minerals,  among  which 
felspar,  by  reason  of  its  abundant  occurrence,  occupies  a  prominent  place. 
Granite,  porphyry,  trachyte,  and  other  ancient  unstratified  rocks,  consist 
in  great  part  of  this  mineral,  which,  under  peculiar  circumstances  by  no 
means  well  understood,  and  particularly  by  the  action  of  the  carbonic  acid 
of  the  air,  suffer  complete  decomposition,  becoming  converted  into  a  soft, 
friable  mass  of  earthy  matter.  This  is  the  origin  of  clay;  the  change  it- 
self is  seen  in  great  perfection  in  certain  districts  in  Devonshire  and  Corn- 
wall, the  felspar  of  the  fine  white  granite  of  those  localities  being  often 
disintegrated  to  an  extraordinary  depth,  and  the  rock  altered  to  a  substance 
resembling  soft  mortar.  By  washing,  this  finely  divided  matter  is  sepa- 
rated from  the  quartz  and  mica;  and  the  milk-like  liquid,  being  collected 
in  tanks  and  suffered  to  stand,  deposits  the  suspended  clay,  which  is  after- 
wards dried,  first  in  the  air,  and  afterwards  in  a  stove,  and  employed  in 
the  manufacture  of  porcelain.  The  composition  assigned  to  unaltered  fel- 
spar is  Si,Of  A1K,  or  Si04AlK.2SiO„  or  6SiOr  A\flrKfi.     The  exact  nature 
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of  the  change  by  which  felspar  passes  into  porcelain  clay  is  unknown,  al- 
though it  evidently  consists  in  the  abstraction  of  silica  and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  produced  is 
colored.  The  different  varieties  of  shale  and  slate  result  from  the  altera- 
tion of  ancient  clay-beds,  apparently  in  many  instances  by  the  infiltration 
of  water  holding  silica  in  solution:  the  dark  appearance  of  some  of  these 
deposits  is  due  to  bituminous  matter. 

It  is  a  common  mistake  to  confound  clay  with  alumina:  all  clays  are 
essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in  composi- 
tion. Dilute  acids  exert  little  action  on  these  compounds;  but  by  boiling 
with  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely  divided  silica  left 
behind.  Clays  containing  an  admixture  of  calcium  carbonate  are  termed 
marts,  and  are  recognised  by  effervescing  with  acids. 

A  basic  aluminium  silicate,  AltOrSiO,,  is  found  crystallized,  constituting 
the  beautiful  mineral  called  eyanile.  The  compounds  formed  by  the  union 
of  the  aluminium  silicates  with  other  silicates  are  almost  innumerable.  A 
sodium  felspar,  albiU,  containing  that  metal  in  place  of  potassium,  is  known, 
and  there  are  two  somewhat  similar  lithium-compounds,  spodumene  and  per 
totit*.  The  zeolites  belong  to  this  class ;  analcime,  nepheline,  mtsotype,  &c, 
are  double  silicates  of  sodium  and  aluminium,  with  water  of  crystallization. 
StilbiU,  hetUandite,  laumontile,  prehnite*  &c,  consist  of  calcium  silicate  com- 
bined with  silicate  of  aluminium.  The  garnet*,  axinite,  mica,  &c,  have  a 
similar  composition,  but  are  anhydrous.  Iron  sesquioxide  is  very  often 
substituted  for  alumina  in  these  minerals. 


8alts  of  aluminium,  when  moistened  with  cobalt  nitrate  and  heated  before 
the  blowpipe,  assume  a  characteristic  blue  color. 

Alumina,  when  in  solution,  is  distinguished  without  difficulty.  Caustic 
potash  and  §oda  occasion  white  gelatinous  precipitates  of  aluminium  hy- 
drate, freely  soluble  in  excess  of  the  alkali.  Ammonia  produces  a  similar 
precipitate,  insoluble  in  excess  of  the  reagent.  The  alkaline  carbonate*  and 
carbonate  of  ammonia  precipitate  the  hydrate,  with  escape  of  carbonic  acid. 
The  precipitates  are  insoluble  in  excess. 

Ammonium  sulphide  also  produces  a  white  precipitate  of  aluminium 
hydrate. 


BEBYIXIUK ,  or  GLUCnTOK. 
Atomic  weight,  9*4.     Symbol,  Be. 

This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone,  as  in  phena- 
cjte,  or  associated  with  other  silicates,  as  beryl,  euclase,  leucophane,  hel- 
▼ite,  and  several  varieties  of  gadolinite ;  also  as  an  aluminate  in  chrysoberyl 
or  cymophane. 

Metallic  beryllium  is  obtained  by  passing  the  vapor  of  the  chloride  over 
melted  sodium.  It  is  a  white  metal  of  specific  gravity  2*1;  it  may  be 
forged  and  rolled  into  sheets  like  gold ;  its  melting  point  is  below  that  of 
silver.  It  does  not  decompose  water  at  the  boiling  heat.  Sulphuric  and 
hydrochloric  acids  dissolve  it,  with  evolution  of  hydrogen. 

Beryllium  forms  but  one  class  of  compounds,  and  there  is  considerable 
doubt  as  to  its  atomic  weight  and  equivalent  value.  On  the  one  hand  it  is 
regarded  as  a  dyad,  like  calcium  and  magnesium,  with  the  atomic  weight 
9*4,  its  chloride  being  BeClr  its  oxide  BeO;  on  the  other  hand,  as  a  tetrad, 
like  aluminium,  with  apparent  tri-equivalent  value,  on  which  supposition 
its  chloride  would  be  BetC1r  its  oxide  Be,Os,  and  its  atomic  weight  14 ;  but 
29 
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the  former  view  appears,  on  the  whole,  to  be  most  in  accordance  with  ob- 
served facts. 

Bkbtllium  Chloride,  Bed,,  is  formed  by  heating  the  metal  in  chlorine 
or  hydrochloric  acid  gas,  or  by  the  action  of  aqueous  hydrochloric  acid  on 
the  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  passing  chlorine  over  an  ignited 
mixture  of  beryllia  and  charcoal.  It  is  less  volatile  than  aluminium  chlo- 
ride, very  deliquescent,  and  easily  soluble  in  water. 

Bkbtllium  Oxide.  Bkbtllia,  BeO.  —  This  earth  may  be  prepared  from 
beryl,  or  either  of  the  other  beryllium  silicates,  by  fusing  the  finely  pounded 
mineral  with  potassium  carbonate  or  quicklime ;  treating  the  fused  mass 
with  hydrochloric  acid;  evaporating  to  dryness;  then  moistening  the  resi- 
due with  hydrochlorio  acid,  and  treating  it  with  water,  whereby  every- 
thing is  dissolved  except  the  silica.  The  filtered  liquid  is  then  mixed  with 
excess  of  ammonia  solution,  which  throws  down  a  bulky  precipitate  con- 
taining both  alumina  and  beryllia;  this  precipitate  is  well  washed,  and  the 
beryllia  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold  strong  so- 
lution of  ammonium  carbonate.  The  liquid  is  again  filtered,  and  on  boiling 
it,  beryllium  carbonate  is  deposited  as  a  white  powder,  which,  when  ignited, 
leaves  pure  beryllia. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and  farther 
resembles  that  substanoe  in  being  readily  dissolved  by  caustic  potash  or 
soda ;  but  it  is  distinguished  from  alumina  by  its  solubility,  when  recently 
precipitated,  in  a  cold  solution  of  ammonium  carbonate. 

Beryllium  salts  have  a  sweet  taste,  whence  the  former  name  of  the  metal, 
glueinum  (from  yAv**).  Tbey  are  colorless,  and  are  distinguished  from  those 
of  aluminium  by  not  yielding  an  alum  with  potassium  sulphate,  nor  a  blue 
color  when  heated  before  the  blowpipe  with  cobalt  nitrate;  also  by  their 
reaction  with  ammonium  carbonate. 


ZntCOHIUK. 
Atomic  weight,  89-6.    Symbol,  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties  between 
aluminium  and  silioium.  Its  oxide,  sirconia,  was  first  obtained  by  Klap- 
roth,  in  1789,  from  zircon,  which  is  a  silicate  of  lirconium.  It  has  since 
been  found  in  fergusonite,  eudialyte,  and  two  or  three  other  rare  minerals. 

Zirconium,  like  silicium,  is  capable  of  existing  in  three  different  states, 
amorphous,  crystalline,  and  graphitoldal.  The  amorphous  and  crystalline 
varieties  are  obtained  by  processes  similar  to  those  described  for  preparing 
the  corresponding  modifications  of  silicium;  graphitoldal  sirconium  was 
obtained,  by  Troost,  in  attempting  to  decompose  sodium  zirconate  with 
iron,  in  light  scales  of  a  steel-gray  color.  Amorphous  zirconium  when 
heated  in  the  air  takes  fire  at  a  heat  somewhat  below  redness,  and  burns 
with  a  bright  light,  forming  sirconia.  Crystalline  zirconium  forms  very 
hard  brittle  scales  resembling  antimony  in  color  and  lustre;  it  burns  in  tbe 
air  only  at  the  heat  of  the  oxy-hydrogen  blowpipe,  but  takes  fire  at  a  red 
heat  in  chlorine  pas.  Zirconium  is  but  little  attacked  by  the  ordinary 
acids;  but  hydrofluoric  acid  dissolves  it  readily,  with  evolution  of  hydrogen. 

Zibcowium  Oxidf.  or  Ziboonia,  ZrOr  is  prepared  by  strongly  igniting 
sircon  (siroonintn  silicate)  with  four  times  its  weight  of  dry  sodium  carbon- 
ate and  a  small  quantity  of  sodium  hydrate.     The  silica  is  separated  from 
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the  fused  mass  by  hydrochloric  acid,  as  described  in  the  case  of  beryllia ; 
the  resulting  solution  is  treated  with  ammonia,  which  throws  down  zirconia 
generally  mixed  with  ferric  oxide;  the  precipitate  is  redissolved  in  hydro- 
chloric acid ;  and  the  solution  is  boiled  with  excess  of  sodium  hyposulphite 
as  long  as  sulphurous  acid  continues  to  escape,  whereby  pure  zirconia  is 
precipitated,  the  whole  of  the  iron  remaining  in  the  solution.  Zirconia 
thus  obtained  forms  a  white  powder  or  hard  lumps  of  specific  gravity  4*36 
to  4*9.  By  fusing  it  with  borax  in  a  pottery  furnace  and  dissolving  out 
the  soluble  salts  with  hydrochloric  add,  zirconia  is  obtained  in  small  quad- 
ratic prisms,  isomorphous  with  the  native  oxides  of  tin  and  titanium. 

Zirconium  hydrates  are  obtained  by  precipitating  the  solution  of  a  zir- 
conium salt  with  ammonia;  the  precipitate  contains  ZrH,0.  =  ZrO-OH., 
or  ZrH404  =  ZrOr20Hr  according  to  the  temperature  at  which  it  is  driecf. 

Zirconia  acts  both  as  a  base  and  as  an  acid.  After  ignition  it  is  insoluble 
in  all  acids  except  hydrofluoric  and  very  strong  sulphuric  acid ;  but  the 
hydrate  dissolves  easily  in  acids,  forming  the  zirconium  salts;  the  normal 
sulphate  has  the  composition  (S04),ZrlT,  or  S08.ZrOr 

Compounds  of  zirconia  with  the  stronger  bases,  called  zirconates,  are  ob- 
tained by  precipitating  a  zirconium  salt  with  potash  or  soda,  or  by  igniting 
zirconia  with  an  alkaline  hydrate.  Potassium  zirconate  dissolves  completely 
in  water.  Three  sodium  zirconates  have  been  formed,  containing  ZrOfNa,= 
ZrOyONa,;  Zr04Na4  ==  ZrO,.20Nat ;  and  Zrt017Na,  =  8ZrO,  ONar 

Zibcohivm  Fluoride,  ZrF4.  —  This  compound  is  obtained  by  dissolving 
zirconia,  or  the  hydrate,  in  hydrofluoric  acid ;  or  in  tho  anhydrous  state, 
by  igniting  zirconia  with  ammonium  and  hydrogen  fluoride  (p.  270)  till  all 
the  ammonium  fluoride  is  driven  off.  It  unites  with  other  metallic  fluorides, 
forming  double  salts,  called  zircofluoride*  or  fluozir  conn  te*%  which  are  isomor- 
phous with  the  corresponding  silicofluorides,  Btannofluorides,  and  titano- 
fluoridea,  and  are  mostly  represented  by  the  formulas 

4MF.ZrF4;     8MF.ZrP4;     2MP.ZrF4;     MF.ZrF4, 

in  which  M  denotes  a  monad  metal.  The  sodium  salt,  however,  has  the 
composition  5NaF.3ZrF4. 


THo&nnnf ,  or  thorium. 

Atomic  weight,  1 16*75.     Symbol,  Th. 

This  very  rare  metal  was  discovered  in  1828  by  Berzelius,  in  thorite,  a 
mineral  from  the  Norwegian  island  Lovon,  in  which  it  exists  as  a  silicate. 
It  has  since  been  found  in  euxenite,  pyrochlore,  and  a  few  other  minerals, 
•11  very  scarce. 

Metallic  thorinum  is  obtained  by  reducing  the  chloride  with  potassium 
or  sodium,  as  a  gray  powder,  which  acquires  metallic  lustre  by  pressure, 
*nd  has  a  density  of  7*66  to  7-9.  It  is  not  oxidized  by  water,  dissolves  easily 
in  nitric,  slowly  in  hydrochloric  acid,  and  is  not  attacked  by  caustic  alkalies. 

Thorinum  fonnB  but  one  class  of  compounds,  in  all  of  which  it  is  bivalent. 

Tbounum  Oxide,  or  Thoeina,  ThO,  is  prepared  by  decomposing  thorite 
with  hydrochloric  acid,  separating  the  silica  in  the  usual  way,  treating  tho 
filtered  solution  with  hydrogen  sulphide  to  separate  lead  and  t  n,  aud  pre- 
cipitating the  thorina  by  ammonia,  together  with  small  quantities  of  the 
oxides  of  iron,  manganese,  and  uranium.  To  get  rid  of  these,  the  precipi- 
ce is  redissolved  in  hydrochloric  acid,  and  the  hot  saturated  solution  is 
toiled  with  a  solution  of  neutral  potassium  sulphate.     The  thorinum  is 
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thereby  precipitated  as  thorinum  and  potassium  sulphate ;  and  from  the 
solution  of  this  salt  in  hot  water,  the  thorinum  is  precipitated  as  a  hydrate, 
which,  on  ignition,  yields  pure  thorina. 

Thorina  is  white,  and  very  heavy,  its  specific  gravity  being  9.402.  After 
ignition  it  is  insoluble  in  nitric  and  hydrochloric  acids,  and  dissolves  in 
strong  sulphuric  acid  only  after  prolonged  heating.  The  hydrate  precipi- 
tated from  thorinum  salts  by  alkalies  dissolves  easily  in  acids. 

Thorinum  Chlobidb,  ThClr  prepared  by  igniting  an  intimate  mixture  of 
thorina  and  charcoal  in  chlorine  gas,  sublimes  in  white  shining  crystals. 
It  forms  double  salts  with  the  chlorides  of  the  alkali-metals. 

Thorikcm  StJLPHATi,  804Th",  crystallises  with  various  quantities  of 
water,  according  to  the  temperature  at  which  its  solution  is  evaporated. 
Thorinum  and  potaseium  tulphate,  ^S04)fTh"K,.  OHr  separates  as  a  crystalline 
powder  when  a  crust  of  potassium  sulphate  is  suspended  in  a  solution  of 
thorinum  sulphate.  It  is  easily  soluble  in  water,  but  insoluble  in  alcohol 
and  in  solution  of  potassium  sulphate. 


CSBIT7X.  —  LAHTHAITOX. — DTJJTMIirX. 
Ce  =  92.  — La  =  92-8.  — Di  =*  96. 

These  three  metals  occur  together  as  silicates  in  the  Swedish  mineral 
cerite,  also  in  altanite,  orthite,  and  a  few  others;  and  as  phosphates  in 
monasite,  edwardsite,  and  crypt olite,  a  mineral  occurring  disseminated 
through  apatite  and  through  certain  cobalt  ores. 

Cerium  was  discovered  in  1808  by  Klaproth,  and  by  Hisinger  and  Ber- 
telius,  who  obtained  it  in  the  form  of  oxide  from  cerite.  This  mineral  is 
completely  decomposed  by  boiling  with  strong  hydrochloric  acid,  silica 
being  separated,  and  the  cerium,  together  with  iron  and  other  metals,  dis- 
solving as  chloride.  On  treating  the  acid  solution  thus  obtained  with  oxalic 
acid,  cerium  oxalate  is  precipitated  as  a  white  crystalline  powder,  which, 
when  ignited,  leaves  a  brown  oxide.  The  product  thus  obtained  was  for 
some  time  regarded  as  the  oxide  of  a  single  metal,  cerium ;  but  in  1839  and 
1841,  Mosander*  showed  that  it  contained  the  oxides  of  two  other  metals, 
which  he  designated  as  lanthanumf  and  dtdymium.% 

Cerium  oxide  may  be  separated  from  the  oxides  of  lanthanum  and  didy- 
mium  by  treating  the  crude  brown  oxide  above  mentioned,  first  with  dilute 
and  then  with  strong  nitric  acid,  which  gradually  removes  the  whole  of  the 
lanthanum  and  didymium  oxides. 

The  separation  of  these  two  oxides  one  from  the  other  is  much  more  diffi- 
cult, and  can  be  effected  only  by  successive  crystallisation  of  their  sul- 
phates. If  the  lanthanum  salt  is  in  excess,  in  which  case  the  solution  of 
the  mixed  sulphates  has  only  a  faint  amethyst  tinge,  the  liquid  is  evaporated 
to  dryness,  and  the  residue  heated  to  a  temperature  just  below  redness,  to 
render  the  sulphates  anhydrous.  The  residue  thus  obtained  is  then  to  be 
added  by  small  portions  to  ice-cold  water,  in  which  it  dissolves  easily,  and 
the  resulting  solution  heated  in  a  water-bath  to  about  40°.  Lanthanum  sul- 
phate then  crystallises  out,  containing  only  a  small  quantity  of  didymium, 
and  may  be  further  purified  by  repeating  the  whole  process.  If,  on  the 
other  hand,  the  didymium  salt  is  in  excess,  in  which  case  the  liquid  has  a 

•  PoggendoriTs  Anwden,  xM.  848 ;  xlriL  207;  Iri.  604.  %  From  ii&vpm,  twin* 

f  Prom  X*v64rtu>,  to  lie  hM. 
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decided  rose  color,  separation  maj  be  effected  by  leaving  the  acid  solution 
in  a  warm  place  for  a  day  or  two.  Didymium  sulphate  then  separates  in 
large  rhombohedral  crystals. 

Metallic  cerium,  lanthanum,  and  didymium  are  obtained  by  reducing 
the  chlorides  with  sodium,  in  the  form  of  gray  powders,  which  decompose 
water  at  ordinary  temperatures,  and  dissolve  rapidly  in  dilute  acids  with 
evolution  of  hydrogen. 

Coram  forms  three  series  of  compounds :  the  eerotu  compounds,  in  which  it 
is  bivalent,  e.  g.,  CeCl,,  CeO,  CeS04;  the  eerie  compound*,  in  which  it  is  ap- 
parently trivalent,  but  really  quadrivalent,  like  the  ferric  salt,  e.  g.,  eerie 

CeFf 
fluoride,  Ce,F4  =    |        ;  and  the  ceroso-ceric  compound*,  of  intermediate 

CeFf 
composition,  and,  perhaps,  consisting  of  compounds  of  the  other  two,  e.  g.f 
eeroso-ceric  oxide,  Ce,04  =  CeO.Ce?Or 

Cerous  oxide,  CeO,  is  obtained  by  igniting  the  carbonate  ox  oxalate  in  a 
current  of  hydrogen,  as  a  grayish-blue  powder,  quickly  converted  into 
ceroso-ceric  oxide  on  exposure  to  the  air.  Its  salts  are  colorless.  The 
sulphate,  S04Ce,  crystallites  with  various  quantities  of  water,  according  to 
the  temperature  at  which  it  is  deposited.  Cerium  and  potassium  sulphate, 
(S04)sCeKr  separates  as  a  white  powder  on  immersing  solid  potassium  sul- 
phate in  a  solution  of  a  cerous  salt.  It  is  slightly  soluble  in  pure  water, 
but  insoluble  in  a  saturated  solution  of  potassium  sulphate.  The  forma- 
tion of  this  salt  affords  the  means  of  separating  cerium  from  most  other 
metals. 

The  only  eerie  compounds  actually  known  are  the  fluoride,  CesFc,  already 
mentioned,  which  may  be  obtained  as  a  yellow  precipitate,  and  likewise 
occurs  native  as  fiuocerite,  and  an  oxyfluoride,  Ce4F9Or  occurring  as  fluo- 
eerine  at  Finnbo,  in  Sweden. 

0  =  Ce 

J>° 
Ceromhcerie  oxide,*  Ce.  04,  or         Cc        ,   analogous  in  composition   to 

J  >° 
0»Ce 

ferrosoferric  or  magnetic  iron  oxide,  is  produced  when  cerous  hydrate, 
carbonate,  or  nitrate  is  ignited  in  an  open  vessel.  It  is  yellowish-white, 
acquires  a  deep  orange-red  color  when  heated,  but  recovers  its  original 
tint  on  cooling.  It  is  not  converted  into  a  higher  order  by  ignition  in 
hydrogen.  Ceroso-ceric  hydrate,  Ce904 .  30 Hr  obtained  by  passing  chlorine 
into  aqueous  potash  in  which  cerous  hydrate  is  suspended,  is  a  bright- 
yellow  precipitate,  which  dissolves  readily  in  sulphuric  and  nitric  acids, 
forming  yellow  solutions  of  ceroso-ceric  salts ;  and  in  hydrochloric  acid, 
with  evolution  of  chlorine,  forming  colorless  cerous  chloride. 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation,  first, 
brown-red  crystals  of  the  salt,  (S04)eCc5.  18  aq.f  or  8S04Ce".  (S04)8Ce"'r 
18  »q ,  and  afterwards  a  yellow  indistinctly  crystalline  salt,  containing 
S04(V.  (S04)8Ce"', .  18  aq.f 

All  ceroso-ceric  compounds,  when  heated  with  hydrochloric  acid,  give 
off  chlorine,  and  are  reduced  to  the  corresponding  cerous  compounds ;  thus : 

Ce,04       -f       8HC1       =       SCeCl,       +       40H2    +    CI, 

Ceroso-ceric  ozJde.  Cerous  chloride. 

•  A  sesqalnxlde,  Ce^V  Is  commonly  said  to  exist,  and  Is  designated  as  eerie  oxide,  but  there 
b  no  proof  of  its  existence;  neither  are  any  salts  of  analogous  composition  known  with  cer- 
tainty. 

t  The  symbol  14.  (abbreviation  of  aqua)  is  often  used  to  denote  water  of  crystallisation. 

29* 
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Lanthanum  is  bivalent,  forming  only  one  set  of  compounds,  Tit.  LaCL, 
LaO,  La804.  There  is,  however,  a  higher  oxide,  the  composition  of  which 
is  not  exactly  known.  Lanthanum  salts  are  colorless ;  their  solutions  yield, 
with  alkalies,  a  precipitate  of  lanthanum  hydrate,  LaH,Or  or  LaO.OHr 
which,  when  ignited,  leaves  the  white  anhydrous  monoxide.  Both  the  hy- 
drate and  the  anhydrous  oxide  dissolve  easily  in  acids.  Lanthanum  sulphate 
forms  small  prismatic  crystals,  containing  S04La .  80 Hr  Lanthanum  and 
potassium  sulphate,  (804)rLaKr  is  formed,  on  mixing  the  solution  of  a  lan- 
thanum salt  with  potassium  sulphate,  as  a  white  crystalline  precipitate, 
resembling  the  corresponding  cerium  salt. 

Didymium  is  also  bivalent ;  its  salts  are  rose-colored,  and  their  solutions 
give,  with  alkalies,  a  pale  rose-colored  precipitate  of  the  hydrate,  DiH,Or 
which,  when  ignited  in  a  covered  crucible,  leaves  the  anhydrous  monoxide, 
DiO,  in  white,  hard  lumps.  When,  however,  the  hydrate,  nitrate,  carbon- 
ate, or  oxalate  of  didymium  is  heated  in  contact  with  the  air,  and  not 
very  strongly ,*a  dark-brown  peroxide  is  left,  containing  from  0*8  to  0*9  per 
cent,  oxygen  more  than  the  monoxide.  This,  when  treated  with  acids, 
dissolves  readily,  giving  off  oxygen   and  yielding  a  salt  of  the  monoxide. 

Didymium  sulphate  separates  from  an  acid  solution,  by  spontaneous 
evaporation,  in  well-defined  rhombohedral  crystals,  exhibiting  numerous 
secondary  faces,  and  containing  8804Di .  8  aq. :  they  are  isomorphous  with 
the  similarly  constituted  sulphates  of  yttrium,  erbium,  and  cadmium.  The 
sulphate  is  more  soluble  in  cold  than  in  hot  water,  and  a  solution  saturated 
in  the  cold  deposits,  when  heated  to  the  boiling-point,  a  crystalline  powder 
containing  S04Di  •  2  aq. 

Didymium  and  potassium  sulphate,  (804),DiKr  resembles  the  lanthanum 
salt. 

Solutions  of  didymium  salts  exhibit  a  well-marked  absorption  spectrum,* 
containing  two  black  lines  inclosing  a  very  bright  space.  One  of  these 
black  lines  is  in  the  yellow,  immediately  following  Fraunhofer's  line  D; 
the  other  is  situated  between  £  and  6.  These  characters  can  be  distinctly 
recognised  in  a  solution  half  an  inch  deep,  containing  only  0*01  per  cent, 
of  didymium  salt.  Lanthanum  salts  do  not  exhibit  an  absorption  spectrum 
(Gladstone). 


TTTBUXK  AHD  ERBIUM. 

Y  =  61-7.    Eb  =  112-6. 


These  metals  exist  as  silicates  in  the  gadolinite  or  ytterbite  of  Ttterby  in 
Sweden,  and  in  a  few  other  rare  minerals.  A  third  metal,  called  terbium, 
has  also  been  supposed  to  be  associated  with  them ;  but  recent  experiments, 
especially  those  of  Bahr  and  Bunsen,f  have  thrown  very  great  doubt  upon 
its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state,  gadolinite 
is  digested  with  hydrochloric  acid,  and  the  solution  separated  from  the 
silica  is  treated  with  oxalic  acid,  which  throws  down  the  oxalates  of  erbium 
and  yttrium,  together  with  those  of  calcium,  cerium,  lanthanum,  and  didy- 
mium. These  oxalates  are  converted  into  nitrates;  the  solution  is  treated 
with  excess  of  solid  potassium  sulphate,  to  separate  the  cerium  metals; 
the  erbium  and  yttrium,  which  still  remain  in  solution,  are  again  precipi- 
tated by  oxalic  acid;  and  the  same  treatment  is  repeated,  till  the  solution 
of  the  mixed  earths,  when  examined  by  the  spectral  apparatus,  no  longer 
exhibits  the  absorption  bands  characteristic  of  didymium.     To  separate 

*  See  Light,  p.  00.  t  Ann.  Ch.  Pharm.  cxxxrii.  1. 
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the  erbia  and  yttrta,  they  are  again  precipitated  by  oxalic  acid.  The  oxa- 
lates are  converted  into  nitrates,  and  the  nitrates  of  erbium  and  yttrium 
are  separated  by  a  series  of  fractional  crystallisations,  the  erbium  salt 
being  the  leas  soluble  of  the  two,  and  crystallising  out  first ;  but  the  pro- 
cess requires  attention  to  a  number  of  details,  which  cannot  be  here  de- 
scribed.* 

Metallic  erbium  has  not  been  isolated.  Yttrium  (containing  erbium) 
was  obtained  by  Berselius,  as  a  blackish-gray  powder,  by  igniting  yttrium 
chloride  with  potassium. 

Erbia,  Eb"0,  obtained  by  ignition  of  erbium  nitrate  or  oxalate,  has  a 
faint  rose  color.  It  does  not  melt  at  the  strongest  white  heat,  but  aggre- 
gates to  a  spongy  mass,  glowing  with  an  intense  green  light,  which,  when 
examined  by  the  spectroscope,  exhibits  a  continuous  spectrum  intersected 
by  a  number  of  bright  bands.  Solutions  of  erbium-salts,  on  the  other 
hand,  give  an  absorption-spectrum  exhibiting  dark  bands,  and  the  points 
of  maximum  intensity  of  the  light  band*  in  the  emission-spectrum  of  glowing  erbia 
coincide  exactly  in  position  with  the  points  of  greatest  darkness  in  the  absorption- 
spectrum.  The  position  of  these  bands  is  totally  different  from  those  in  the 
emission  and  absorption -spectra  of  didymium.  f 

Erbium  salts  have  a  rose-red  color,  deeper  in  the  hydrated  than  in  the 
anhydrous  state ;  they  have  an  acid  reaction  and  sweet  astringent  taste. 
The  sulphate,  8S04Eb// .  8aq.,  forms  light  rose-colored  crystals,  isomorphous 
with  the  sulphates  of  yttrium  and  didymium. 

Yttria,  Y^O,  is  a  soft,  nearly  white  powder,  which  when  ignited  glows 
with  a  pure  white  light,  and  yields  a  spectrum  not  containing  any  bright 
bands,  like  that  of  erbia.  It  does  not  unite  directly  with  water,  but  is 
precipitated  as  a  hydrate  by  alkalies,  from  solutions  of  yttrium-salts.  It 
dissolves  slowly  but  completely  in  hydrochloric,  nitric,  and  sulphuric  acids, 
forming  colorless  solutions,  which  do  not  exhibit  an  absorption-spectrum. 

Yttrium  sulphate,  ZQQ^X" .  8aq.,  forms  small  colorless  crystals. 


Reactions  of  the  Earth-Metals. 

1.  All  these  metals  are  precipitated  from  their  solutions  by  ammonium 
sulphide,  as  hydrates,  not  as  sulphides.  They  are  not  precipitated  by 
hydrogen  sulphide. 

2.  The  hydrates  of  aluminium  and  beryllium  are  soluble  in  caustic  pot- 
•sh;  those  of  the  other  earth-metals  are  insoluble. 

3.  Beryllium  hydrate  dissolves  in  a  cold  saturated  solution  of  ammonium 
carbonate*  and  is  precipitated,  as  carbonate,  on  boiling.  Aluminium  hydrate 
is  insoluble  in  ammonium  carbonate  (see  further,  p.  887). 

4.  Of  the  earth-metals  whose  hydrates  are  insoluble  in  potash, — namely, 
zirconium,  thorinum,  cerium,  lanthanum,  didymium,  erbium,  and  yttrium, 
— zirconium  and  thorinum  may  be  precipitated  as  hyposulphites  by  boiling 
the  solution  with  sodium  hyposulphite,  the  other  metals  remaining  in  solution. 
The  precipitate  when  ignited  leaves  pure  airconia  or  thorina,  or  a  mixture 
of  the  two. 

5.  Zirconium  and  thorinum  may  be  separated  one  from  the  other  by 
means  of  ammonium  oxalate,  which,  when  added  in  excess,  precipitates  the 
thorinum  as  oxalate,  and  leaves  the  zirconium  in  solution. 

6.  Cerium,  lanthanum,  and  didymium  are  separated  from  yttrium  and 
erbium  by  adding  an  excess  of  potassium  sulphate,  which  throws  down  the 

*  See  Watte**  Dictionary  of  Chemistry,  toI  t.  p.  721. 

t  The  paper  by  Bahr  and  Bnnsen,  above  referred  to,  is  accompanied  by  exact  diagrams  of  the 
and  didymium  spectra. 
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cerium  metals,  leaving  yttrium  and  erbium  in  eolation ;  to  insure  complete 
precipitation,  the  solution  must  be  left  in  contact  for  some  time  with  a 
piece  of  solid  potassium  sulphate 

Cerium  may  be  separated  from  lanthanum  and  didymium,  as  already 
observed,  by  treating  the  mixed  oxides  several  times  with  nitric  acid  (p. 
840).  Another  method  is  to  boil  the  mixed  oxides  (the  cerium  being  in 
the  state  of  ceroso-ceric  oxide)  with  solution  of  taLammomae.  The  lantha- 
num and  didymium  then  gradually  dissolve,  as  chlorides,  while  the  cerium 
remains  as  ceroso-ceric  oxide.  A  third  method  is  to  precipitate  the  solu- 
tion of  the  three  metals  with  excess  of  potash,  and  pass  chlorine  in  excess 
through  the  solution  and  precipitate;  the  cerium  is  then  separated  as 
bright-yellow  ceroso-ceric  hydrate,  while  the  lanthanum  and  didymium 
redissolve  as  chlorides.  This  reaction  serves  to  detect  very  small  quanti- 
ties of  cerium  mixed  with  the  other  two  metals.  Cerium  is  further  distin- 
guished by  the  light-yellow  color  of  anhydrous  ceroso-ceric  oxide,  and  by 
the  reaction  of  its  compounds  when  fused  before  the  blow-pipe  with  borax 
or  phosphorus  salt,  the  glass  thus  formed  being  deep-red  while  hot,  and 
becoming  colorless  on  cooling.  Didymium  is  distinguished  by  the  dark- 
brown  color  of  its  higher  oxide;  by  the  pale  rose-color  which  its  salts 
impart  to  a  bead  of  bornx  or  phosphorus  salt ;  and  by  the  peculiar  character 
of  its  absorption  spectrum  (p.  342). 

The  methods  of  separating  lanthanum  from  didymium,  and  yttrium  from 
erbium — imperfect  at  the  best — have  been  already  noticed. 

MANUFACTURE  OF  GLASS,  PORCELAIN,  AND  EARTHENWARE. 

Olan,  —  Glass  is  a  mixture  of  various  insoluble  silicates  with  excess  of 
silica,  altogether  destitute  of  crystalline  structure;  the  simple  silicates, 
formed  by  fusing  the  bases  with  silicic  acid  in  equivalent  proportions,  very 
often  crystallize,  which  happens  also  with  the  greater  number  of  the  natural 
silicates  included  among  the  earthy  minerals.  Compounds  identical  with 
some  of  these  are  also  occasionally  formed  in  artificial  processes,  where 
large  masses  of  melted  glassy  matter  are  suffered  to  cool  slowly.  The 
alkaline  silicates,  when  in  a  state  of  fusion,  have  the  power  of  dissolving 
a  large  quantity  of  silica. 

Two  principal  varieties  of  glass  are  met  with  in  commerce  —  namely, 
glass  composed  of  silica,  alkali,  and  lime,  and  glass  containing  a  large 
proportion  of  lead  silicate ;  crown  and  plate  gUu*  belong  to  the  former  di- 
vision; flint  giant,  and  the  material  of  artificial  gems,  to  the  latter.  The 
lead  promotes  fusibility,  and  confers  also  density  and  lustre.  Common 
green  bottle-glass  contains  no  lead,  but  much  silicate  of  iron,  derived  from 
the  impure  materials.  The  principle  of  the  glass  manufacture  is  very  sim- 
ple. Silica,  in  the  shape  of  sand,  is  heated  with  potassium  or  sodium  car- 
bonate, and  slaked  lime  or  lead  oxide;  at  a  high*  temperature,  fusion  and 
combination  occur,  and  the  carbonic  acid  is  expelled.  Glauber's  salt  mixed 
with  charcoal  is  sometimes  substituted  for  soda.  When  the  melted  mass 
has  become  perfectly  clear  and  free  from  air-bubbles,  it  is  left  to  cool  until 
it  assumes  the  peculiar  tenacious  condition  proper  for  working. 

The  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a  dome  at  the  top, 
and  have  an  opening  at  the  side,  by  which  the  materials  are  introduced, 
and  the  melted  glass  withdrawn.  Great  care  is  exercised  in  the  choice  of 
the  sand,  which  must  be  quite  white  and  free  from  iron  oxide.  Red  lead, 
one  of  the  higher  oxides,  is  preferred  to  litharge,  although  immediately 
reduced  to  monoxide  by  the  heat,  the  liberated  oxygen  serving  to  destroy 
any  combustible  matter  that  might  accidentally  find  its  way  into  the  crucible, 
and  stain  the  glass  by  reducing  a  portion  of  the  lead.    Potash  gives  a  better 
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glass  than  Boda,  although  the  latter  is  yery  generally  employed,  from  its 
lower  price.  A  certain  proportion  of  broken  and  waste  glass  of  the  same 
kind  is  always  added  to  the  other  materials. 

Articles  of  blown  glass  are  thus  made:  The  workman  begins  by  collecting 
a  proper  quantity  of  soft  pasty  glass  at  the  end  of  his  blowpipe,  an  iron 
tube  five  or  six  feet  in  length,  terminated  by  a  mouthpiece  of  wood ;  he 
then  begins  blowing,  by  which  the  lump  is  expanded  into  a  kind  of  flask, 
susceptible  of  baring  its  form  modified  by  the  position  in  which  it  is  held, 
and  the  Telocity  of  rotation  continually  given  to  the  iron  tube.  If  an  open- 
mouthed  vessel  is  to  be  made,  an  iron  rod,  called  a  ponlil  or  putUil,  is  dipped 
into  the  glass  pot  and  applied  to  the  bottom  of  the  flask,  to  which  it  thus 
rerves  as  a  handle,  the  blowpipe  being  removed  by  the  application  of  a 
cold  iron  to  the  neck.  The  vessel  is  then  re-heated  at  a  hole  left  for  the 
purpose  in  the  wall  of  the  furnace,  and  the  aperture  enlarged,  and  the 
vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple  tools,  until 
completed.  It  is  then  detached,  and  carried  to  the  annealing  oven,  where 
it  undergoes  slow  and  gradual  cooling  during  many  hours,  the  object  of 
which  is  to  obviate  the  excessive  brittleness  always  exhibited  by  glass  which 
has  been  quickly  cooled.  The  large  circular  tables  of  crown  glass  are  made  by 
a  very  curious  process  of  this  kind :  the  globular  flask  at  first  produced, 
transferred  from  the  blowpipe  to  the  pontil,  is  suddenly  made  to  assume 
the  form  of  a  flat  disc  by  the  centrifugal  force  of  the  rapid  rotatory  move- 
ment given  to  the  rod.  Plate  glass  is  oast  upon  a  flat  metal  table,  and,  after 
very  careful  annealing,  ground  true  and  polished  by  suitable  machinery. 
Tabes  are  made  by  rapidly  drawing  out  a  hollow  cylinder ;  and  from  these 
a  great  variety  of  useful  small  apparatus  may  be  constructed  with  the  help 
of  a  lamp  and  blowpipe,  or,  still  better,  the  bellows-table  of  the  barometer- 
maker.  Small  tubes  may  be  bent  in  the  flame  of  a  spirit-lamp  or  gas  jet, 
and  cat  with  great  ease  by  a  file,  a  scratch  being  made,  and  the  two  por- 
tions pulled  or  broken  asunder  in  a  way  easily  learned  by  a  few  trials. 

Specimens  of  the  two  chief  varieties  of  glass  gave  the  following  results 
on  analysis : 

Kngllah  flint  glaw-f 
Silica        .         .        .     51-93 
Potassium  oxide   .         13*77 
Lead  oxide       .        .    88-28 

98-98 


i  plate  gleet  (excellent).* 
Silica  .        .        .     600 

Potassium  oxide  25-0 

Lime  •        .        •     12*5 

97-6 


The  difficultly  fusible  white  Bohemian  tube,  so  valuable  in  organic  analysis, 
has  been  found  to  contain,  in  100  parts: 

Silica 72-80 

Lime,  with  trace  of  alumina        .        .        .  9*68 

Magnesia -40 

Potassium  oxide 16-80 

Traces  of  manganese,  &c,  and  loss        .        .  -32 

Different  colors  are  often  communicated  to  glass  by  metallic  oxides. 
Thus,  oxide  of  cobalt  gives  deep  blue;  oxide  of  manganese,  amethyst; 
enprous  oxide,  ruby-red ;  cupric  oxide,  green ;  the  oxides  of  iron,  dull  green 
<*  brown,  Ac.  These  are  either  added  to  the  melted  contents  of  the  glass- 
pot,  in  which  they  dissolve,  or  applied  in  a  particular  manner  to  the  surface 
of  the  plate  or  other  object,  which  is  then  reheated,  until  fusion  of  the 
coloring  matter  occurs :  such  is  the  practice  of  enamelling  and  glass-paint- 

•  Hitechertich,  Lehrbnch,  U.  187.  t  *»raday. 
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ing.  An  opaque  white  appearance  is  given  by  oxide  of  tin;  the  enamel 
of  watch-faces  is  thus  prepared. 

When  silica  is  melted  with  twice  its  weight  of  potassium  or  sodium  car- 
bonate, and  the  product  treated  with  water,  the  greater  part  dissolves,  yield- 
ing a  solution  from  which  acids  precipitate  gelatinous  silica.  This  is  the 
goluble  glass  of  Professor  Fuchs:  its  solution  has  been  used  for  rendering 
muslin  and  other  fabrics  of  cotton  or  linen  less  combustible,  for  making 
artificial  stone,  and  preserving  natural  stone  from  decay,  and  for  a  peculiar 
style  of  mural  painting  called  ttereochromy.* 

Porcelain  and  Earthenware.  —  The  plasticity  of  natural  clays,  and  their 
hardening  when  exposed  to  heat,  are  properties  which  suggested  in  very 
early  times  their  application  to  the  making  of  vessels  for  the  various  pur- 
poses of  daily  life :  there  are  few  branches  of  industry  of  higher  antiquity 
than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished  from  earthenware  by  very  obvious  char- 
acters. In  porcelain  the  body  of  the  ware  is  very  compact  and  translucent, 
and  breaks  with  a  conchoidal  fracture,  symptomatic  of  a  commencement  of 
fusion.  The  glaze,  too,  applied  for  giving  a  perfectly  smooth  surface,  is 
closely  adherent,  and,  in  fact,  graduates  by  insensible  degrees  into  the  sub- 
stance of  the  body.  In  earthenware,  on  the  contrary,  the  fracture  is  open 
and  earthy,  and  the  glaze  detachable  with  greater  or  less  facility.  The 
compact  and  partly  glassy  character  of  porcelain  is  the  result  of  the  admix- 
ture with  the  clay  of  a  small  portion  of  some  substance  which  is  fusible  at 
the  temperature  to  which  the  ware  is  exposed  when  baked  or  fired,  and 
being  absorbed  by  the  more  infusible  portion,  binds  the  whole  into  a  solid 
mass  on  cooling:  such  substances  are  found  in  felspar,  and  in  a  small 
admixture  of  calcic  or  alkaline  silicate.  The  clay  employed  in  porcelain- 
making  is  always  directly  derived  from  decomposed  felspar,  none  of  the 
clays  of  the  secondary  strata  being  pure  enough  for  the  purpose:  it  must 
be  white,  and  free  from  iron  oxide.  To  diminish  the  contraction  which  this 
substance  undergoes  in  the  fire,  a  quantity  of  finely  divided  silica,  carefully 
prepared  by  crushing  and  grinding  calcined  flints  or  chert,  is  added, 
together  with  a  proper  proportion  of  felspar  or  other  fusible  material,  also 
reduced  to  impalpable  powder.  The  utmost  pains  are  taken  to  effect  per- 
fect uniformity  of  mixture,  and  to  avoid  the  introduction  of  particles  of 
grit,  or  other  foreign  bodies.  The  ware  itself  is  fashioned  either  on  the 
potter's  wheel — a  kind  of  vertical  lathe — or  in  moulds  of  plaster  of  Paris, 
and  dried  first  in  the  air,  afterwards  by  artificial  heat,  and  at  length  com- 
pletely hardened  by  exposure  to  the  temperature  of  ignition.  The  porous 
biscuit  is  now  fit  to  receive  its  glaze,  which  may  be  either  ground  felspar,  or 
a  mixture  of  gypsum,  silica,  and  a  little  porcelain  clay,  diffused  through 
water.  The  piece  is  dipped  for  a  moment  into  this  mixture,  and  withdrawn ; 
the  water  sinks  into  its  substance,  and  the  powder  remains  evenly  spread 
upon  its  surface ;  it  is  once  more  dried,  and,  lastly,  fired  at  an  exceedingly 
high  temperature. 

The  porcelain -furnace  is  a  circular  structure  of  masonry,  having  several 
fireplaces,  and  surmounted  by  a  lofty  dome.  Dry  wood  or  coal  is  con- 
sumed as  fuel,  and  its  fame  directed  into  the  interior,  and  made  to  circu- 
late around  and  among  the  earthen  cases,  or  Beggars,  in  which  the  articles 
to  be  fired  are  packed.  Many  hours  are  required  for  this  operation,  which 
must  be  very  carefully  managed.  After  the  lapse  of  several  days,  when 
the  furnace  has  completely  cooled,  the  contents  are  removed  in  a  finished 
state,  so  far  as  regards  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel,  has 
yet  to  be  executed;  after  which  the  pieces  are  again  heated,  in  order  to  flux 
the  colors.     The  operation  has  sometimes  to  be  repeated  more  than  once. 

*  See  Richardson  and  Watte*a  Chemical  Technology,  yoI.  I.  part  It.  pp.  09-104. 
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The  manufacture  of  porcelain  in  Europe  is  of  modern  origin :  the  Chi- 
nese hare  possessed  the  art  from  the  commencement  of  the  seventh  century, 
and  their  ware  is,  in  some  respects,  altogether  unequalled.  The  materials 
employed  by  them  are  known  to  be  kaolin,  or  decomposed  felspar ;  petvn(2e, 
or  quarts  reduced  to  fine  powder ;  and  the  ashes  of  fern,  which  contain 
potassium  carbonate. 

Stoneware.  —  This  is  a  coarse  kind  of  porcelain,  made  from  clay  contain- 
ing oxide  of  iron  and  a  little  lime,  to  which  it  owes  its  partial  fusibility. 
The  glaxing  is  performed  by  throwing  common  salt  into  the  heated  furnace: 
this  is  volatilised,  and  decomposed  by  the  joint  agency  of  the  silica  of  the 
ware  and  of  the  vapor  of  water  always  present ;  hydrochloric  acid  and  soda 
are  produced,  the  latter  forming  a  silicate,  which  fuses  over  the  surface  of 
the  ware,  and  gives  a  thin,  but  excellent  glaze. 

Earthenware.  —  The  finest  kind  of  earthenware  is  made  from  a  white  sec- 
ondary clay,  mixed  with  a  considerable  quantity  of  silica.  The  articles  are 
thoroughly  dried  and  fired;  after  which  they  are  dipped  into  a  readily 
fusible  glaze  mixture,  of  which  lead  oxide  is  usually  an  important  ingre- 
dient, and,  when  dry,  re-heated  to  the  point  of  fusion  of  the  latter.  The 
whole  process  is  much  easier  of  execution  than  the  making  of  porcelain, 
and  demands  less  care.  The  ornamental  designs  in  blue  and  other  colors, 
so  common  upon  plates  and  household  articles,  are  printed  upon  paper  in 
enamel  pigment  mixed  with  oil,  and  transferred,  while  still  wet,  to  the 
nnglazed  ware.  When  the  ink  becomes  dry,  the  paper  is  washed  off,  and 
the  glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a  whitish 
opaque  glaze,  which  contains  the  oxides  of  lead  and  tin ;  such  glaze  is  very 
liable  to  be  attacked  by  acids,  and  is  dangerous  for  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  practical 
chemist.  They  are  made  of  clay  free  from  lime,  mixed  with  sand  or 
ground  ware  of  the  same  description.  The  Hessian  and  Cornish  crucibles 
are  among  the  best.  Sometimes  a  mixture  of  plumbago  and  clay  is  em- 
ployed for  the  same  purpose ;  and  powdered  coke  has  been  also  used  with 
the  earth :  such  crucibles  bear  rapid  changes  of  temperature  with  impunity. 


GROUP  III. 

XAGHESITO. 
Atomic  weight,  24.     Symbol,  Mg. 

This  metal  was  formerly  classed  with  the  metals  of  the  alkaline  earths, 
but  it  is  much  more  nearly  related  to  zinc  by  its  properties  in  the  free 
state,  as  well  as  by  the  volatility  of  its  chloride,  the  solubility  of  its  sul- 
phate, and  the  isomorphism  of  several  of  its  compounds  with  the  analo- 
gously constituted  compounds  of  zinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydrate,  carbonate,  borate, 
phosphate,  sulphate,  and  nitrate,  sometimes  in  the  solid  state,  sometimes 
dissolved  in  mineral  waters :  magnesian  limestone,  or  dolomite,  which  formB 
entire  mountain  masses,  is  a  carbonate  of  magnesium  and  calcium.  Magne- 
sium also  occurs  as  silicate,  combined  with  other  silicates,  in  a  variety  of 
minerals,  as  steatite,  hornblende,  augite,  talc,  &c. ;  also  as  aluminate  in 
spindle  and  seilanite.  It  likewise  occurs  in  the  bodies  of  plants  and  ani- 
mals, chiefly  as  carbonate  and  phosphate,  and  in  combination  with  organic 
acids. 

Metallic  magnesium  is  prepared : 

1.  By  the  electrolysis  of  fused  magnesium  chloride,  or,  better,  of  a  mix- 
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lure  of  4  molecules  of  magnesium  chloride  and  8  molecules  of  potassium 
chloride  with  a  small  quantity  of  sal-ammoniac.  A  convenient  way  of 
effecting  the  reduction  is  to  fuse  the  mixture  in  a  common  clay  tobacco-pipe 
over  an  Argand  spirit-lamp  or  gas-burner,  the  negative  pole  being  an  iron 
wire  passed  up  the  pipe-stem,  and  the  positive  pole  a  piece  of  gas-coke, 
just  touching  the  surface  of  the  fused  chlorides.  On  passing  the  current 
of  a  battery  of  ten  Buusen's  cells  through  the  arrangement,  the  magnesium 
collects  round  the  extremity  of  the  iron  wire  (Matthiessen). 

2.  Magnesium  may  be  prepared  in  much  larger  quantity  by  reducing 
magnesium  chloride,  or  the  double  chloride  of  magnesium  and  sodium  or 
potassium,  with  metallic  sodium.  The  double  chloride  is  prepared  by  dis- 
solving magnesium  carbonate  in  hydrochloric  acid,  adding  an  equivalent 
quantity  of  sodium  or  potassium  chloride,  evaporating  to  dryness,  and 
fusing  the  residue.  This  product,  heated  with  sodium  in  a  wrought-iron 
crucible,  yields  metallic  magnesium,  containing  certain  impurities,  from 
which  it  may  be  freed  by  distillation.  This  process  is  now  carried  out  on 
the  manufacturing  scale,  and  the  magnesium  is  drawn  out  into  wire  or 
formed  into  riband  for  burning.* 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  somewhat  more 
brittle  at  common  temperatures,  but  malleable  at  a  heat  a  little  below  red- 
ness. Its  specific  gravity  is  1-74.  It  melts  at  a  red  heat,  and  volatilizes  at 
nearly  the  same  temperature  as  sine.  It  retains  its  lustre  in  dry  air,  but  in 
moist  air  it  becomes  covered  with  a  crust  of  magnesia. 

Magnesium  in  the  form  of  wire  or  riband  takes  fire  at  a  red  heat,  burning 
with  a  dassling  bluish- white  light.  The  flame  of  a  candle  or  spirit-lamp 
is  sufficient  to  inflame  it,  but  to  insure  continuous  combustion  the  metal 
must  be  kept  in  contact  with  the  flame.  For  this  purpose  lamps  are  con- 
structed, provided  with  a  mechanism  which  continually  pushes  three  or 
more  magnesium  wires  into  a  small  spirit-flame. 

The  magnesium  flame  produces  a  continuous  spectrum,  containing  a  very 
large  proportion  of  the  more  refrangible  rays :  hence  it  is  well  adapted  for 
photography,  and  has,  indeed,  been  used  for  taking  photographs,  in  the 
absence  of  the  sun,  or  in  places  where  sunlight  cannot  penetrate,  as  in 
caves  or  subterranean  apartments. 

Magnesium  Chloridi,  MgCl,. — When  magnesia,  or  its  carbonate,  is 
dissolved  in  hydrochloric  acid,  magnesium  chloride  and  water  are  produced ; 
but  when  this  solution  is  evaporated  to  dryness,  the  last  portions  of  water 
are  retained  with  such  obstinacy,  that  decomposition  of  the  water  is  brought 
about  by  the  concurring  attractions  of  magnesium  for  oxygen,  and  of  chlor- 
ine for  hydrogen ;  hydrochloric  acid  is  expelled,  and  magnesia  remains. 
If,  however,  sal-ammoniac,  potassium  chloride,  or  sodium  chloride  is  present, 
a  double  salt  is  produced,  which  is  easily  rendered  anhydrous.  The  best 
mode  of  preparing  the  chloride  is  to  divide  a  quantity  of  hydrochloric  acid 
into  two  equal  portions,  to  neutralixe  one  with  magnesia,  and  the  other 
with  ammonia,  or  carbonate  of  ammonia:  to  mix  these  solutions,  evaporate 
them  to  dryness,  and  then  expose  the  salt  to  a  red  heat  in  a  loosely  covered 
porcelain  crucible.  Sal-ammoniac  sublimes,  and  magnesium  chloride  in  a 
fused  state  remains;  the  latter  is  poured  out  upon  a  clean  stone,  and  when 
cold  transferred  to  a  well  stopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very  deliquescent 
and  highly  soluble  in  water,  from  which  it  cannot  again  be  recovered  by 
evaporation,  for  the  reasons  just  mentioned.  When  long  exposed  to  the 
air  in  a  melted  state,  it  is  converted  into  magnesia.  It  is  soluble  in 
alcohol. 

•  For  details  of  the  manufacturing  process,  see  Richardson  and  Wattes  Chemical  TeohnologT, 
voU.ptv.pp.83ft-38».  ^" 
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Magnesium  Oxide,  or  Magnesia,  MgO.  —  This  oxide  is  easily  prepared 
by  exposing  the  magnesia  alba  of  pharmacy,  which  is  a  hydro-carbonate,  to 
a  full  red  heat  in  an  earthen  or  platinum  crucible.  It  forms  a  soft,  white 
powder,  which  slowly  attracts  moisture  and  carbonic  acid  from  the  air,  and 
unites  quietly  with  water  to  a  hydrate  which  possesses  a  feeble  degree  of 
solubility,  requiring  about  5000  parts  of  water  at  16.5°  and  36,000  parts  at 
100°.  The  alkalinity  of  magnesia  can  only  be  observed  by  placing  a  small 
portion  in  a  moistened  state  upon  test-paper ;  it  neutralises  acids,  however, 
in  the  most  complete  manner.     It  is  infusible. 

Magnesium  sulphide  is  formed  by  passing  vapor  of  carbon  sulphide  over 
magnesia,  in  capsules  of  coke,  at  a  strong  red  heat 

Magnesium  Sulphate;  Epsom  Salt;  S04Mg.70Hr — This  salt  occurs 
in  sea-water,  and  in  that  of  many  mineral  springs,  and  is  now  manufac- 
tured in  large  quantities  by  acting  on  magneaian  limestone  with  dilute  sul- 
phuric acid,  and  separating  the  magnesium  sulphate  from  the  greater  part 
of  the  slightly  soluble  calcium  sulphate  by  filtration.  The  crystals  are  de- 
rived from  a  right  rhombic  prism ;  they  are  soluble  in  an  equal  weight  of 
water  at  15-6°,  and  in  a  still  smaller  quantity  at  100°.  The  salt  has  a 
nauseous  bitter  taste,  and,  like  many  other  neutral  salts,  possesses  pur- 
gative properties.  When  it  is  exposed  to  heat,  6  molecules  of  water 
readily  pass  off,  the  seventh  being  energetically  retained.  Magnesium  sul- 
phate forms  beautiful  double  salts  with  the  sulphates  of  potassium  and 
ammonium,  which  contain  6  molecules  of  crystallization-water,  their  for- 
mulas being  (SO^Mg"^ .  60Hr  and  (S04),Mg^(NHi)a.  60Hr  These  salts 
are  isomorphous,  and  form  monoclinic  crystals. 

Magnesium  Carbonate.  —  The  neutral  carbonate,  CO,Mg  or  CO,.  MgO,  oc- 
curs native  in  rhombohedral  crystals,  resembling  those  of  calc-spar,  im- 
bedded in  talc  slate :  a  soft  earthy  variety  is  sometimes  met  with. 

When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid,  and  the  solu- 
tion left  to  evaporate  spontaneously,  small  prismatic  crystals  are  deposited, 
consisting  of  trihydrated  magnesium  carbonate,  COaMg.  30  Hs. 

The  magnesia  alba  itself,  although  often  called  carbonate  of  magnesium, 
is  not  so  in  reality ;  it  is  a  compound  of  carbonate  with  hydrate.  It  is 
prepared  by  mixing  hot  solutions  of  potassium  or  sodium  carbonate  and 
magnesium  sulphate,  the  latter  being  kept  in  slight  excess,  boiling  the 
whole  a  few  minutes,  during  which  time  much  carbonic  acid  is  disengaged, 
and  well  washing  the  precipitate  so  produced.  If  the  solution  be  very 
dilute,  the  magnesia  alba  is  exceedingly  light  and  bulky ;  if  otherwise,  it  is 
denser.  The  composition  of  this  precipitate  is  not  perfectly  constant.  In 
most  eases  it  contains  4COaMg.MgH,0,.  60Hr 

Magnesia  alba  is  slightly  soluble  in  water,  especially  when  cold. 

Magnesium  Phosphate,  P04Mg"H .  70Hr  — This  salt  separates  in  small 
colorless  prismatic  crystals  when  solutions  of  sodium  phosphate  and  mag- 
nesium sulphate  are  mixed  and  suffered  to  stand  for  some  time.  According 
to  Graham,  it  is  soluble  in  about  1000  parts  of  cold  water.  Magnesium 
phosphate  exists  in  the  grain  of  the  cereals,  and  can  be  detected  in  con- 
siderable quantity  in  beer. 

Magnesium  ajtd  Ammonium  Phosphate,  P04Mg"(NH4) .  60H,.  —  When 
ammonia  or  its  carbonate  is  mixed  with  a  magnesium  salt,  and  a  soluble 
phosphate  is  added,  a  crystalline  precipitate  having  the  above  composition, 
subsides,  immediately  if  the  solutions  are  concentrated,  and  after  some 
tune  if  very  dilute :  in  the  latter  ease,  the  precipitation  is  promoted  by 
•tirring.     This  salt  is  slightly  soluble  in  pure  water,  but  nearly  insoluble 
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in  saline  and  ammoniacal  liquids.  When  heated,  it  gives  off  water  and 
ammonia,  and  is  converted  into  magnesium  pyrophosphate,  P,0TMg, : 

2P04Mg(NH4)  =  P,07Mga  +  <>Ha    +     2NHr 

At  a  strong  red-beat  it  fuses  to  a  white  enamel-like  mass.  Magnesium  and 
ammonium  phosphate  sometimes  form  a  urinary  calculus,  and  occur  also 
in  guano. 

In  practical  analysis,  magnesium  is  often  separated  from  solutions  by 
bringing  it  into  this  state.  The  liquid,  free  from  alumina,  lime,  &c,  is 
mixed  with  sodium  phosphate  and  excess  of  ammonia,  and  gently  heated 
for  a  short  time.  The  precipitate  is  collected  upon  a  filler  and  thoroughly 
washed  with  water  containing  a  little  ammonia,  after  which  it  is  dried,  ig- 
nited to  redness,  and  weighed.  The  proportion  of  magnesia  is  then  easily 
calculated. 

Magnesium  Silicates.  —  The  following  natural  compounds  belong  to  this 
class:  Chrysolite,  8i04Mgs  ==  SiOr2MgO,  a  crystallized  mineral,  sometimes 
employed  for  ornamental  purposes:  a  portion  of  the  magnesia  is  commonly 
replaced  by  ferrous  oxide,  which  communicates  a  green  color.  Meerschaum. 
L'SiOsMg  SiO,  =  3SiOr2MgO,  a  soft,  sectiie  mineral,  from  which  pipe-bowls 
aro  made.  laic.  4SiOj.Mg.SiO,.  }  aq.  (called  steatite  when  massive),  is  a  toft, 
white  seotile,  transparent  or  translucent  mineral,  used  as  fire-stones  for 
furnaces  and  stoves,  and  in  thin  plates  for  glazing  lanterns,  &c. ;  also  in 
the  state  of  powder  for  diminishing  friction.  Soapstone,  also  called  steatite, 
is  a  silicate  of  magnesium  and  aluminium  of  somewhat  variable  composition. 
Serpentine  is  a  combination  of  silicate  and  hydrate  of  magnesium.  Jade,  an 
exceedingly  hard  stone,  brought  from  New  Zealand,  is  a  silicate  of  magne- 
sium and  aluminium :  its  green  color  is  due  to  chromium.  AugiU  and  horn- 
blende are  essentially  double  salts  of  silicic  acid,  magnesia,  and  lime,  in 
which  the  magnesia  is  more  or  less  replaced  by  its  isomorphous  substitute, 
ferrous  oxide. 


Magnesium  salts  are  isomorphous  with  zinc  salts,  ferrous  salts,  cupric 
salts,  cobalt  salts,  and  nickel  salts,  &c. ;  they  are  usually  colorless,  and  are 
easily  recognised  by  the  following  characters: — A  gelatinous  white  preci- 
pitate with  caustic  alkalies,  including  ammonia,  insoluble  in  excess,  but 
soluble  in  solution  of  sal-ammoniac  A  white  precipitate  with  potassium 
and  sodium  carbonates,  but  none  with  ammonium  carbonate  in  the  cold.  A 
white  crystalline  precipitate  with  soluble  phosphates,  on  the  addition  of  a 
little  ammonia. 


znrc. 

Atomic  weight,  66.     Symbol,  Zn. 

Zinc  is  a  somewhat  abundant  metal:  it  is  found  in  the  state  of  carbonate, 
silicate,  and  sulphide,  associated  with  lead  ores  in  many  districts,  both  in 
Britain  and  on  the  Continent;  large  supplies  are  obtained  from  Silesia,  and 
from  the  neighborhood  of  Aachen.  The  native  carbonate,  or  calamine,  is 
the  most  valuable  of  the  zinc  ores,  and  is  preferred  for  the  extraction  of 
the  metal:  it  is  first  roasted  to  expel  water  and  oarbonio  acid,  then  mixed 
with  fragments  of  coke  or  charcoal,  and  distilled  at  a  full  red  heat  in  a 
large  earthen  retort;  carbon  monoxide  escapes,  while  the  reduced  metal 
volatilises  and  is  condensed  by  suitable  means,  generally  with  minute  quan- 
tities of  arsenic 
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Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  air;  it  has  a 
lamellar,  crystalline  structure,  a  density  varying  from  6*8  to  7*2,  and  is, 
under  ordinary  circumstances,  brittle.  Between  120°  and  150°  C.  (248° — 
300°  F.)  it  is,  on  the  contrary,  malleable,  and  may  be  roiled  or  hammered 
without  danger  of  fracture;  and,  what  is  very  remarkable,  after  such 
treatment,  it  retains  its  malleability  when  cold ;  the  sheet-zinc  of  commerce 
is  thus  made.  At  210°  C.  (410°  F.)  it  is  so  brittle  that  it  may  be  reduced 
to  powder.  At  412°  C.  (7/3°  F.)  it  melts:  at  a  bright  red  heat  it  boils 
and  volatilizes,  and,  if  air  be  admitted,  burns  with  a  splendid  greenish 
light,  generating  the  oxide.  Dilute  acids  dissolve  zinc  very  readily :  it  is 
constantly  employed  in  this  manner  for  preparing  hydrogen  gas. 

Zinc  is  a  dyad  metal,  forming  only  one  class  of  compounds. 

Zinc  Chloride,  ZnClp  may  be  prepared  by  heating  metallic  zinc  in 
chlorine:  by  distilling  a  mixture  of  zinc  filings  and  corrosive  sublimate; 
or,  more  easily,  by  dissolving  zinc  in  hydrochloric  acid.  It  is  a  nearly 
white,  translucent,  fusible  substance,  very  soluble  in  water  and  alcohol, 
and  very  deliquescent.  A  strong  solution  of  zinc  chloride  is  sometimes 
used  as  a  bath  for  obtaining  a  graduated  heat  above  100°.  Zinc  chloride 
unites  with  sal-ammoniac  and  potassium  chloride  to  double  salts:  the 
former  of  these,  made  by  dissolving  zinc  in  hydrochloric  acid,  and  then 
adding  an  equivalent  quantity  of  sal-ammoniac,  is  very  useful  in  tinning 
and  soft-soldering  copper  and  iron. 

Znrc  Oxide,  ZnO,  is  a  strong  base,  forming  salts  isomorphous  with  the 
magnesium  salts.  It  is  prepared  either  by  burning  zinc  in  atmospheric 
air,  or  by  heating  the  carbonate  to  redness.  Zinc  oxide  is  a  white,  taste- 
less powder,  insoluble  in  water,  but  freely  dissolved  by  acids.  When  heated 
it  is  yellow,  but  turns  white  again  on  cooling.  It  is  getting  into  use  as  a 
substitute  for  white  lead.  To  prepare  zinc-white  on  a  large  scale,  metallic 
zinc  is  volatilized  in  large  earthen  muffles,  whence  the  zinc  vapor  passes 
into  a  small  receiver  (guirUe),  where  it  comes  in  contact  with  a  current  of 
air  and  is  oxidized.  The  zinc  oxide  thus  formed  passes  immediately  into 
a  condensing  chamber  divided  into  several  compartments  by  cloths  sus- 
pended within  it. 

Znrc  Sulphate,  S04Zn.70H,,  commonly  called  white  vitriol. — This  salt 
is  hardly  to  be  distinguished  by  the  eye  from  magnesium  sulphate :  it  is 
prepared  either  by  dissolving  the  metal  in  dilute  sulphuric  acid,  or,  more 
economically,  by  roasting  the  native  sulphide,  or  blende,  which,  by  absorp- 
tion of  oxygen,  becomes  in  great  part  converted  into  sulphate.  The  altered 
mineral  is  thrown  hot  into  water,  and  the  salt  obtained  by  evaporating  the 
clear  solution.  Zinc  sulphate  has  an  astringent  metallic  taste,  and  is  used 
in  medicine  as  an  emetic.  The  crystals  dissolve  in  2£  parts  of  cold,  and  in 
a  much  smaller  quantity  of  hot  water.  Crystals  containing  6  molecules  of 
water  have  been  observed.  Zinc  Bulphate  forms  double  salts  with  the  sul- 
phates of  potassium  and  ammonium,  namely,  (SOJjZnKj.  60Hr  and  (S04), 
Zn(XH4)2.60Hr  isomorphous  with  the  corresponding  magnesium  salts. 

Znrc  Carbonate,  COaZn,  is  found  native ;  the  white  precipitate  obtained 
by  mixing  solutions  oC  zinc  and  of  alkaline  carbonates,  is  a  combination  of 
carbonate  and  hydrate.     When  heated  to  redness,  it  yields  pure  zinc  oxide. 

Znrc  Sulphide,  ZnS,  occurs  native  as  blende,  in  regular  tetrahedrons, 
dodecahedrons,  and  other  monometric  forms,  and  of  various  colors,  from 
white  or  yellow  to  brown  or  black,  according  to  its  degree  of  purity :  it  is 
a  valuable  ore  of  zinc.  A  variety  called  black  jack  occurs  somewhat  abun- 
dantly in  Derbyshire,  Cumberland,  and  Cornwall.   A  hydrated  sulphide,  ZnS. 
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0Hr  is  obtained  as  a  white  precipitate  on  adding  an  alkaline  sulphide  to 
the  solution  of  a  sine  salt. 


Zinc  salts  are  distinguished  bj  the  following  characters:  —  Caustic  potash 
and  soda  give  a  white  precipitate  of  hydrate,  freely  soluble  in  excess  of 
alkali.  Ammonia  behaves  in  the  same  manner ;  an  excess  redissolvee  the 
precipitate  instantly.  Potassium  and  sodium  carbonate*  give  white  precipi- 
tates, insoluble  in  excess.  Ammonium  carbonate  gives  also  a  white  precipi- 
tate, which  is  redissolved  by  an  excess.  Potassium  ferrocyanide  gives  a  white 
precipitate.  Hydrogen  sulphide  causes  no  change  in  sine  solutions  containing 
free  mineral  acids :  but  in  neutral  solutions,  or  with  sine  salts  of  organic 
acids,  such  as  the  acetate,  a  white  precipitate  is  formed.  Ammonium  sul- 
phide throws  down  white  sulphide  of  sine,  insoluble  in  caustic  alkalies. 
The  formation  of  this  precipitate  in  a  solution  containing  excess  of  caustic 
alkali,  serves  to  distinguish  sine  from  all  other  metals. 

All  sine  compounds,  heated  on  charcoal  with  sodium  carbonate  in  the 
inner  blowpipe  flame,  give  an  incrustation  of  line  oxide,  which  is  yellow 
while  hot,  but  becomes  white  in  cooling-  If  this  incrustation  be  moistened 
with  a  dilute  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 
flame,  a  fine  green  color  U  produced. 


The  applications  of  metallic  lino  to  the  purposes  of  roofing,  the  con- 
struction of  water-channels,  Ac,  are  well  known ;  it  is  sufficiently  durable, 
but  inferior  in  this  respect  to  copper.  It  is  much  used  also  for  protecting 
iron  and  copper  from  oxidation  when  immersed  in  saline  solutions,  such  as 
sea-water,  or  exposed  to  damp  air.  This  it  does  by  forming  an  electric 
circuit,  in  which  it  acts  as  the  positive  or  more  oxidable  metal  (p.  249). 
Galvanized  iron  consists  of  iron  having  its  surface  coated  with  sine 


CADMIUM. 
Atomic  weight,  112.     Symbol,  Gd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermann :  it 
accompanies  the  ores  of  sine,  especially  those  occurring  in  Silesia,  and, 
being  more  volatile  than  that  substance,  rises  first  in  vapor  when  the  cala- 
mine is  subjected  to  distillation  with  charcoal.  Cadmium  resembles  tin  in 
color,  but  is  somewhat  harder :  it  is  very  malleable,  has  a  density  of  8*7, 
melts  below  260°  C.  (600°  F.),  and  is  nearly  as  volatile  as  mercury.  It 
tarnishes  but  little  in  the  air,  but,  when  strongly  heated,  burns.  Dilute 
sulphuric  and  hydrochloric  acids  act  but  little  on  this  metal  in  the  cold ; 
nitric  acid  is  its  best  solvent. 

The  observed  vapor-density  of  cadmium  is  8*94  compared  with  air  as 
unity,  or  56*8  compared  with  hydrogen,  which  latter  number  does  not  differ 
greatly  from  the  half  of  112,  the  atomic  weight  of  the  metal:  hence  it  ap- 
pears that  the  atom  of  cadmium  in  the  state  of  vapor  occupies  twice  the 
space  of  an  atom  of  hydrogen  (see  p.  229). 

Cadmium,  like  sine,  is  dyadic,  and  forms  but  one  series  of  compounds. 

Cadmium  Oxidb,  CdO. — This  oxide  may  be  prepared  by  igniting  either 
the  carbonate  or  the  nitrate :  in  the  former  case  it  has  a  pale-brown  color, 
and  in  the  latter  a  much  darker  tint,  and  forms  octohedral  microscopic 
crystals.     Cadmium  oxide  is  infusible :  it  dissolves  in  acids,  producing  a 


copper.  353 

series  of  colorless  salts :  it  attracts  carbonic  acid  from  the  air,  and  turns 
white. 

Cadmium  Sulphate,  804Cd .  40H2,  is  easily  obtained  by  dissolving  the 
oxide  or  carbonate  in  dilute  sulphuric  acid :  it  is  very  soluble  in  water,  and 
forms  double  salts  with  the  sulphates  of  potassium  and  ammonium,  which 
contain  respectively  (S04)sCdK3 .  60H,  and  (S04)sCd(NH4) .  60Hr 

Cadmium  Chloride,  CdCly  is  a  very  soluble  salt,  crystallising  in  small 
four-sided  prisms. 

Cadmium  Sulphide  is  a  very  characteristic  compound,  of  a  bright-yellow 
color,  forming  microscopic  crystals,  fusible  at  a  high  temperature.  It  is 
obtained  by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  the 
sulphate,  nitrate,  or  chloride.  This  compound  is  used  as  a  yellow  coloring 
matter,  of  great  beauty  and  permanence.     It  occurs  native  as  greenockite. 


The  salts  of  cadmium  are  thus  distinguished :  —  Fixed  caustic  alkalies 
give  a  white  precipitate  of  hydrated  oxide,  insoluble  in  excess.  Am- 
monia gives  a  similar  white  precipitate,  readily  soluble  in  excess.  The 
fixtd  alkaline  carbonates,  and  ammonia  carbonate,  throw  down  white  cadmium 
carbonate,  insoluble  in  excess  of  either  precipitant.  Hydrogen  sulphide  and 
i  sulphide  precipitate  the  yellow  sulphide  of  cadmium. 


GROUP  IV. 

COPPEB. 

Atomic  weight,  68*5.     Symbol,  Cu  (Cuprum). 

Copper  is  a  metal  of  great  value  in  the  arts ;  it  sometimes  occurs  in  the 
metallic  state,  crystallized  in  octohedrons,  or  more  frequently  in  dodeca- 
hedrons, but  is  more  abundant  in  the  form  of  red  oxide,  and  in  that  of 
sulphide  combined  with  sulphide  of  iron,  as  yellow  copper  ore,  or  copper 
pyrites.  Large  quantities  of  the  latter  substance  are  annually  obtained 
from  the  Cornish  mines,  and  taken  to  South  Wales  for  reduction,  which  is 
effected  by  a  somewhat  complex  process.  The  principle  of  this  may,  how- 
erer,  be  easily  made  intelligible.  The  ore  is  roasted  in  a  reverberatory 
furnace,  by  which  much  of  the  iron  sulphide  is  converted  into  oxide,  while 
the  copper  sulphide  remains  unaltered.  The  product  of  this  operation  is 
then  strongly  heated  with  siliceous  sand ;  the  latter  combines  with  the  iron 
oxide  to  a  fusible  slag,  and  separates  from  the  heavier  copper-compound. 
When  the  iron  has,  by  a  repetition  of  these  processes,  been  got  rid  of, 
the  copper  sulphide  begins  to  decompose  in  the  flame-furnace,  losing  its 
sulphur  and  absorbing  oxygen ;  the  temperature  is  then  raised  sufficiently 
to  reduce  the  oxide  thus  produced,  by  the  aid  of  carbonaceous  matter. 
The  last  part  of  the  operation  consists  in  thrusting  into  the  melted  metal 
»  pole  of  birch-wood,  the  object  of  which  is  probably  to  reduce  a  little  re- 
maining oxide  by  the  combustible  gases  thus  generated.  Large  quantities 
of  extremely  valuable  ore,  chiefly  carbonate  and  red  oxide,  have  lately  been 
obtained  from  South  Australia  and  Chile. 

Copper  has  a  well-known  yellowish-red  color,  a  specific  gravity  of  8-96, 
and  is  very  malleable  and  ductile :  it  is  an  excellent  conductor  of  heat  and 
electricity  ;  it  melts  at  a  bright  red  heat,  and  seems  to  be  slightly  volatile 
at  a  very  high  temperature  Copper  undergoes  no  change  in  dry  air ;  ex- 
posed to  a  moist  atmosphere,  it  becomes  covered  with  a  strongly  adherent 
30* 
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green  crust,  consisting  in  a  great  measure  of  carbonate.  Heated  to  redness 
in  the  air,  it  is  quickly  oxidized,  becoming  covered  with  a  black  scale 
Dilute  sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper ;  boiling 
oil  of  vitriol  attacks  it,  with  evolution  of  sulphurous  oxide ;  nitric  acid, 
even  dilute,  dissolves  it  readily,  with  evolution  of  nitrogen  dioxide. 

Copper  is  a  dyad  metal,  its  most  stable  compounds,  the  cupric  compounds, 
containing  1  atom  of  the  metal  combined  with  2  atoms  of  a  univalent, 
or  1  atom  of  a  bivalent  negative  radical,  e.g.,  Cu"Cl„  Cu"0,  Cu"(NOf),, 
Cu"804,  Ac.  Some  of  these,  however,  are  capable  of  taking  up  another 
atom  of  copper,  and  forming  compounds,  called  cuproiu  compounds,  in  which 

CnCl 
the  copper  is  apparently  univalent ;  thus  cuprous  chloride,  Cu^Cl,  =  J       ; 

Cu«^  CuCl 

cuprous  oxide,  Cu,0  =  J  ^>0.  These  compounds  are  very  unstable,  be- 
ing easily  converted  into  cupric  compounds  by  the  action  of  oxidising  agents. 

Copper  Chlorides.  —  Ouprie  chloride,  CuClp  is  most  easily  prepared  by 
dissolving  cupric  oxide'  in  hydrochloric  acid,  and  concentrating  the  green 
solution  thence  resulting.  It  forms  green  crystals,  CuCl, .  20 Hr  very 
soluble  in  water  and  in  alcohol:  it  colors  the  flame  of  the  latter  green. 
When  gently  heated,  it  parts  with  its  water  of  crystallisation  and  becomes 
yellowish-brown ;  at  a  high  temperature  it  loses  half  its  chlorine  and  be- 
comes converted  into  cuprou*  chloride.  The  latter  is  a  white  fusible  sub- 
stance, but  little  soluble  in  water,  and  prone  to  oxidation :  it  is  formed 
when  copper-filings  or  copper-leaf  are  put  into  chlorine  gas ;  also  by  pre- 
cipitating a  solution  of  cuprie  chloride  or  other  cupric  salt  with  stannous 
chloride : 

2CuCl,        + 

Cupric 
chloride. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  containing  air, 
becomes  covered  with  white  tetrahedrons  of  cuprous  chloride.  This  com- 
pound dissolves  in  hydrochloric  aeid,  forming  a  colorless  solution,  which 
gradually  turns  blue  on  exposure  to  the  air. 

A  hydrated  cupric  oxy chloride,  CuCl,.  8CuHtOr  occurs  native  as  atacamite. 

Both  the  chlorides  of  copper  form  double  salts  with  the  chlorides  of  the 
alkali-metals. 

Cuprous  Hydride,  Cu,Hr  — When  a  solution  of  cupric  sulphate  is  heated 
to  about  70°,  with  hypophosphorous  acid,  this  compound  is  deposited  as  a 
yellow  precipitate  which  soon  turns  red-brown.  It  gives  off  hydrogen  when 
heated,  takes  fire  in  chlorine  gas,  and  is  converted  by  hydrochloric  acid  into 
cuprous  chloride,  with  evolution  of  a  double  quantity  of  hydrogen,  the  acid 
giving  up  its  hydrogen  as  well  as  the  copper  hydride : 

Cu,H,    +    2HC1    =    Cu,Cl,    +    2Hr 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two  atoms  of 
the  same  element  to  form  a  molecule  (see  page  1 


SnCl,        = 

=          CUjCl, 

+ 

SnCl4 

Stannous 

Cuprous 

8Unnic 

chloride. 

chloride. 

chloride. 

Copper  Oxides.  — Two  oxides  of  copper  are  known,  corresponding  to  the 
chlorides;  and  a  very  unstable  dioxide  or  peroxide,  CuOr  is  said  to  be 
formed,  as  a  yellowish-brown  powder,  by  the  action  of  hydrogen  dioxide 
on  cupric  hydrate. 

Copper  Monoxide,  Cupric  oxide,  or  Black  oxide  of  copper,  CuO,  is  prepared 
by  calcining  metallic  copper  at  a  red-heat,  with  full  exposure  to  air,  or 
more  conveniently,  by  heating  the  nitrate  to  redness,  which  suffers  com- 
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plete  decomposition.  Cupric  salts  mixed  with  caustic  alkali  in  excess,  yield 
a  balky  pale-blue  precipitate  of  hydrated  cupric  oxide,  or  cupric  hydrate, 
CuU,0,  or  CuO.OH,,  which,  when  the  whole  is  raised  to  the  boiling-point, 
becomes  converted  into  a  heavy  dark-brown  powder :  this  also  is  anhydrous 
oiide  of  copper,  the  hydrate  suffering  decomposition,  even  in  contact  with 
water.  The  oxide  prepared  at  a  high  temperature  is  perfectly  black  and 
very  dense.  Cupric  oxide  is  soluble  in  acids,  and  forms  a  series  of  very 
important  salts,  isomorphous  with  magnesium  salts. 

Cuprous  oxide,  Cu,0,  also  called  Red  oxide  and  Suboxide  of  copper.  —  This 
oxide  may  be  obtained  by  heating  in  a  covered  crucible  a  mixture  of  5  parts 
of  black  oxide  and  4  parts  of  fine  copper-filings ;  or  by  adding  grape-sugar 
to  a  solution  of  cupric  sulphate,  and  then  putting  in  an  excess  of  caustic 
potash ;  the  blue  solution,  heated  to  ebullition,  is  reduced  by  the  sugar,  and 
deposits  cuprous  oxide.  This  oxide  often  occurs  in  beautiful  transparent 
ruby -red  crystals,  associated  with  other  ores  of  copper,  and  can  be  obtained 
in  the  same  state  by  artificial  means.  It  communicates  to  glass  a  magnifi- 
cent red  tint,  while  that  given  by  the  cupric  oxide  is  green. 

Cuprous  oxide  dissolves  in  excess  of  hydrochloric  acid,  forming  a  solu- 
tion of  cuprous  .chloride,  from  which  that  compound  is  precipitated  on  dilu- 
tion with  water.  Most  oxygen-acids,  namely,  sulphuric,  phosphoric,  acetic, 
oxalic,  tartaric,  and  citric  acids,  decompose  cuprous  oxide,  forming  cupric 
salts,  and  separating  metallic  copper;  nitric  acid  converts  it  into  cupric 
nitrate.  Hence  there  are  but  few  cuprous  oxygen-salts,  none  indeed  except- 
ing the  sulphites  and  certain  double  sulphites  formed  by  mixing  a  cupric 
solution  with  the  sulphite  of  an  alkali-metal,  e.g.,  ammonio-cuprous  sul- 
phite, SOfCu'(NH4). 

Cupmc  Sulphate,  S04Cu.50Hr — This  beautiful  salt,  commonly  called 
bhu  vitriol,  is  prepared  by  dissolving  cupric  oxide  in  sulphuric  acid,  or, 
it  less  expense,  by  oxidizing  the  sulphide.  It  forms  large  blue  crystals, 
soluble  in  four  parts  of  cold  and  two  parts  of  boiling  water ;  when  heated 
to  100°  C.  (212°  F.)  it  readily  loses  four  molecules  of  crystallization-water; 
but  the  fifth  is  retained  with  great  pertinacity,  and  is  expelled  only  at  a  low 
red  heat  At  a  very  high  temperature,  cupric  sulphate  is  entirely  converted 
into  cupric  oxide,  with  evolution  of  sulphurous  oxide  and  oxygen.  Cuprio 
sulphate  combines  with  the  sulphates  of  potassium  and  of  ammonium,  form- 
ing pale-blue  salts,  (S04),CuKf.GOH?  and  (S04),Cu(NH4)1.  60H„  isomor- 
phous with  the  corresponding  magnesium  salts. 

Cupeic  Nit&ate,  (N08)3Cu .  80Hr  is  easily  made  by  dissolving  the  metal 
in  nitric  acid ;  it  forms  deep-blue  crystals,  very  soluble  and  deliquescent. 
It  is  highly  corrosive.     An  insoluble  basic  nitrate  is  known ;  it  is  green. 

Cupmc  Carbonates. — When  sodium  carbonate  is  added  in  excess  to  a 
solution  of  cupric  sulphate,  the  precipitate  is  at  first  pale-blue  and  floc- 
cnlent,  but  by  warming  it  becomes  sandy,  and  assumes  a  green  tint ;  in 
this  state  it  contains  COsCu.CuHfOs-f-aq.  This  substance  is  prepared  as  a 
pigment.  The  beautiful  mineral  malachite  has  a  similar  composition,  but 
contains  no  water  of  crystallization,  its  composition  being  C08Cu.CuH,0.. 
Another  natural  compound,  called  azurite,  not  yet  artificially  imitated, 
occurs  in  large  transparent  crystals  of  the  most  intense  blue :  it  contains 
2C0,Cu  CuH,Or  VerdUer,  made  by  decomposing  cupric  nitrate  with  chalk, 
is  said,  however,  to  have  a  somewhat  similar  composition. 

Cupeic  Absenite  is  a  bright-green  insoluble  powder,  prepared  by  mix- 
ing the  solutions  of  a  cupric  salt  with  an  alkaline  arsenite. 

Copper  Sdxphtdes. — Thero  are  two  well-defined  copper  sulphides,  anal- 
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ogous  in  composition  to  the  oxides,  and  four  others,  containing  larger 
proportions  of  sulphur,  but  of  less  defined  constitution ;  these  latter  are 
precipitated  from  solutions  of  cupric  salts  by  potassium  pentasulphide. 

Cupric  Sulphide,  CuS,  occurs  native  as  indigo  copper  or  covellm,  in  soft 
bluish-black  hexagonal  plates  and  spheroidal  masses,  and  is  produced  arti- 
ficially by  precipitating  cupric  salts  with  hydrogen  sulphide. 

Cuprous  Sulphide,  C14S,  occurs  native  as  copper-glance  or  redntthile,  in 
lead-gray  hexagonal  prisms,  belonging  to  the  rhombic  nystem ;  it  is  pro- 
duced artificially  by  the  combustion  of  copper-foil  in  sulphur  vapor,  by 
igniting  cupric  oxide  with  sulphur,  and  by  other  methods.  It  is  a  power- 
ful sulphur-base,  uniting  with  the  sulphides  of  antimony,  arsenic,  and  bis- 
muth, to  form  several  natural  minerals.  The  several  varieties  of  fahl-ore, 
or  tetrahedrite,  consist  of  cuprous  sulphantimonite  or  sulpharscnite,  in 
which  the  copper  is  more  or  less  replaced  by  equivalent  quantities  of  iron, 
fine,  Bilver,  and  mercury.  The  important  ore,  called  copper-pyrites,  is  a 
cuproso-ferric  sulphide,  Cu/Fe///Sr  or  CiijS.Fe^S,,  occurring  in  tetrahedral 
crystals  of  the  quadratic  system,  or  in  irregular  masses.  Another  species 
of  copper  and  iron  sulphide,  containing  various  proportions  of  the  two 
metals,  occurs  native,  as  purple  copper  or  erubescite,  in  cubes,  octohedrons, 
and  other  monometric  forms. 

Ammoniac al  Copper  Compounds. — The  chlorides,  sulphate,  nitrate,  and 
other  salts  of  copper,  unite  with  one  or  more  molecules  of  ammonia,  form- 
ing, for  the  most  part,  crystalline  compounds  of  blue  or  green  color,  some 
of  which  may  be  regarded  as  salts  of  metallammoniums  (p.  315).  Thus, 
cuprio  chloride  forms  with  ammonia,  the  compounds,  2NHs.CuClr  4NHS. 
Cud,,  and  6NHs.CuClr  the  first  of  which  may  be  formulated  as  cupro- 
diammonium  chloride,  (N,H€Cu")Clr  Cupric  sulphate  forms,  in  like  manner, 
cupro-diammonium  sulphate,  (NsH€Cu//)S04,  which  is  a  deep-blue  crystalline 
salt.    Cuprous  iodide  forms  with  ammonia  the  compound,  4NH, .  Cu,lr 


The  characters  of  the  cupric  salts  are  well  marked. 

Caustic  potash  gives  a  pale-blue  precipitate  of  cuprio  hydrate,  becoming 
blackish-brown  anhydrous  oxide  on  boiling.  —  Ammonia  also  throws  down 
the  hydrate;  but,  when  in  excess,  redissolves  it,  yielding  an  intense  pur- 
plish-blue solution.  —  Potassium  and  sodium  carbonates  give  pale-blue  preci- 
pitates of  cupric  carbonate,  insoluble  in  excess.  —  Ammonium  carbonate,  the 
same,  but  soluble  with  deep-blue  color.  —  Potassium  ferrocyanide  gives  a  fine 
red-brown  precipitate  of  cuprio  ferrocyanide  — Hydrogen  sulphide  and 
ammonium  sulphide  afford  black  cupric  sulphide,  insoluble  in  ammonium 
sulphide. 

The  alloys  of  copper  are  of  great  importance.  Brass  consists  of  copper 
alloyed  with  from  28  to  84  per  cent,  of  zino ;  the  latter  may  be  added 
directly  to  the  melted  copper,  or  granulated  copper  may  be  heated  with 
calamine  and  charcoal-powder,  as  in  the  old  process.  Oun-metal,  a  most 
valuable  alloy,  consists  of  90  parts  copper  ami  10  tin.  Bell  and  speculum 
metal  contain  a  still  larger  proportion  of  tin ;  these  are  brittle,  especially 
the  last  named.  A  good  bronze  for  statues  is  made  of  91  parts  copper,  2 
parts  tin,  6  parts  zinc,  and  1  part  lead.  The  brass  or  bronze  of  the  ancients 
is  an  alloy  of  copper  with  tin,  often  also  containing  lead,  and  sometimes 
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Atomic  weight,  200.    Symbol,  Hg.  (Hydrargyrum). 

This  Tery  remarkable  metal,  sometime*  called  quicksilver,  baa  been  known 
from  early  times,  and  perhaps  more  than  all  others  has  excited  the  atten- 
tion and  curiosity  of  experimenters,  by  reason  of  its  peculiar  physical 
properties.  Mercury  is  of  great  importance  in  several  of  the  arts,  and 
enters  into  the  composition  of  many  valuable  medicaments. 

Metallic  mercury  is  occasionally  met  with  in  globules  disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.  This  latter  substance, 
sometimes  called  cinnabar,  is  found  in  considerable  quantity  in  several 
localities,  of  which  the  most  celebrated  are  Almaden  in  Spain,  and  Idria 
in  Austria.  Only  recently  it  has  been  discovered  in  great  abundance,  and 
of  remarkable  purity,  in  California  and  Australia.  The  metal  is  obtained 
by  heating  the  sulphide  in  an  iron  retort  with  lime  or  scraps  of  iron,  or  by 
roasting  it  in  a  furnace,  and  conducting  the  vapors  into  a  large  chamber, 
where  the  mercury  is  condensed,  while  the  sulphurous  acid  is  allowed  to 
escape.  Mercury  is  imported  into  this  country  in  bottles  of  hammered 
iron,  containing  seventy-five  pounds  each,  and  in  a  state  of  considerable 
parity.  When  purchased  in  smaller  quantities,  it  is  sometimes  found 
adulterated  with  tin  and  lead,  which  metals  it  dissolves  to  some  extent 
without  much  loss  of  fluidity.  Such  admixture  may  be  known  by  the  foul 
surface  the  mercury  exhibits  when  shaken  in  a  bottle  containing  air,  and 
by  the  globules,  when  made  to  roll  upon  the  table,  leaving  a  train  or  tail. 

Mercury  hsvs  a  nearly  silver-white  color,  and  a  very  high  degree  of 
lustre :  it  is  liquid  at  all  ordinary  temperatures,  and  solidifies  only  when 
cooled  to— 40°.  In  this  state  it  is  soft  and  malleable.  At  850°  C.  (662°  F.) 
it  boils,  and  yields  a  transparent,  colorless  vapor,  of  great  density.  The 
metal  volatilizes,  however,  to  a  sensible  extent  at  all  temperatures  above 
19°  or  21°  C.  (66°  or  68°  F.) ;  below  thiB  point  its  volatility  is  imperceptible. 
The  volatility  of  mercury  at  the  boiling  heat  is  singularly  retarded  by  the 
presence  of  minute  quantities  of  lead  or  zino.  The  specific  gravity  of 
mercury  at  15*5°  is  13-59;  that  of  frozen  mercury  about  14,  great  contrac- 
tion taking  place  in  the  act  of  solidification. 

Pore  mercury  is  quite  unalterable  in  the  air  at  common  temperatures, 
but  when  heated  to  near  its  boiling-point,  it  slowly  absorbs  oxygen,  and 
becomes  converted  into  a  crystalline  dark-red  powder,  which  is  the  highest 
oxide.  At  a  dull  red  heat  this  oxide  is  again  decomposed  into  its  constit- 
uents. Hydrochloric  acid  has  little  or  no  action  on  mercury,  and  the  same 
may  be  said  of  sulphuric  acid  in  a  diluted  state :  when  the  latter  is  con- 
centrated and  boiling-hot,  it  oxidizes  the  metal,  converting  it  into  mercuric 
sulphate,  with  evolution  of  sulphurous  oxide.  Nitrio  acid,  even  dilute  and 
in  the  cold,  dissolves  mercury  freely,  with  evolution  of  nitrogen  dioxide. 

The  observed  vapor-density  of  mercury  referred  to  air  as  unity  is  6-7  ;* 
this  referred  to  hydrogen  is  nearly  100  ;f  that  is  to  say,  half  the  atomic 
weight  of  the  metal :  consequently  the  atom  of  mercury,  like  that  of  cad- 
mium, occupies  in  the  gaseous  state  twice  the  volume  of  an  atom  of  hydro- 
gen (see  page  229). 

Mercury  forms  two  series  of  compounds ;  namely,  the  mercuric  compounds, 
in  which  it  is  bivalent,  as  Hg//Cl2,  Hg"0,  Hg"S04,  &c,  and  the  mercuroue 

•BhMM,CompteaBendiis,xUx.799.  f-    *^     =    08-3. 
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compounds,  in  which  it  is  apparently  univalent,  as  Hgs01st  HgtO,  &c.  These 
compounds  are  analogous  in  constitution  to  the  cupric  and  cuprous  com- 
pounds; and  the  mercurous  compounds,  like  the  latter,  are  easily  converted 
into  mercuric  compounds  bj  the  action  of  oxidizing  agents,  which  remove 
one  atom  of  mercury ;  but  they  are,  on  the  whole,  much  more  stable  than 
the  cuprous  compounds. 

Mercury  Chlorides.  —  Mercuric  Chloride,  Hg//Clr  commonly  called  cor- 
rosive sublimate.  —  This  compound  may  be  obtained  by  several  different  pro- 
cesses: (1)  When  metallic  mercury  is  heated  in  chlorine  gas,  it  takes  fire 
and  burns,  producing  this  substance.  (2)  It  may  be  made  by  dissolving 
mercuric  oxide  in  hot  hydrochloric  acid,  crystals  of  corrosive  sublimate 
then  separating  on  cooling.  (8)  Or,  more  economically,  by  subliming  a 
mixture  of  equal  parts  of  mercurio  sulphate  and  dry  common  salt;  and 
this  is  the  plan  generally  followed.  The  decomposition  is  represented  by 
the  equation: 


S04Hg 

+    2NaCl 

=    HgCl,    +    S04Nar 

Mercuric 

8odlnm 

Mercuric               8udtiim 

■ulphftte. 

chloride. 

chloride.              sulphate. 

Sublimed  mercuric  chloride  forms  a  white  transparent  crystalline  mass 
of  specific  gravity  5  48;  it  melts  at  266°  C.  (509°  P.);  boils  at  295°  C. 
(563°  F.),  and  volatilizes  somewhat  more  easily  than  calomel,  even  at 
ordinary  temperatures.  Its  observed  vapor-density,  referred  to  hydrogen 
as  unity,  is  140 :  and  the  density  calculated  from  the  formula  HgCl,,  sup- 
posing that  the  molecule  ocoupies  the  tame  space  as  a  molecule  or  two  atoms 

200  -f  2  X  86-5 
of  hydrogen  (p.  229)  is ^ =  186-5 ;  the  near  agreement  of  this 

number  with  the  observed  result  shows  that  the  vapor  is  in  the  normal  state 
of  condensation. 

Mercuric  chloride  dissolves  in  16  parts  of  cold  and  3  parts  of  boiling 
water,  and  crystallizes  from  a  hot  solution  in  long  white  prisms.  Alcohol 
and  ether  also  dissolve  it  with  facility ;  the  latter  even  withdraws  it  from 
a  watery  solution. 

Mercuric  chloride  combines  with  a  great  number  of  other  metallic  chlor- 
ides, forming  a  series  of  beautiful  double  salts,  of  which  the  ancient  sal 
alembrolh  may  be  taken  as  a  good  example :  it  contains  HgCL.  2NH4C1 .  OHr 
Corrosive  sublimate  absorbs  ammoniacal  gas  with  great  avidity,  generating 
the  compound  HgCl,  .  NHf. 

Mercuric  chloride  forms  several  compounds  with  mercuric  oxide.  These 
are  produced  by  several  processes,  as  when  an  alkaline  carbonate  is  added 
in  varying  proportions  to  a  solution  of  mercurio  chloride.  They  differ 
greatly  in  color  and  physical  character,  and  are  mostly  decomposed  by 
water. 

Mercuric  chloride  forms  insoluble  compounds  with  many  of  the  azotised 
organic  principles,  as  albumin,  &c.  It  is  perhaps  to  this  property  that  its 
strong  antiseptic  properties  are  due.  Animal  and  vegetable  substances  are 
preserved  by  it  from  decay,  as  in  Kyan's  method  of  preserving  timber  and 
cordage.  Albumin  is  on  this  account  an  excellent  antidote  to  corrosive  subli- 
mate in  cases  of  poisoning. 

Mercurous  Chloride,  HgaClr  commonly  called  Calomel.  —  This  very  im- 
portant substance  may  be  easily  and  well  prepared  by  pouring  a  solution 
of  mercurous  nitrate  into  a  large  excess  of  dilute  solution  of  common  salt 
It  falls  as  a  dense  white  precipitate,  quite  insoluble  in  water;  it  must  be 
thoroughly  washed  with  boiling  distilled  water,  and  dried.  Calomel  is, 
however,  generally  procured  by  another  and  more  complex  process.     Dry 
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mercuric  sulphate  is  rubbed  in  a  mortar  with  as  much  metallic  mercury  as 
it  Already  contains,  and  a  quantity  of  common  salt,  until  the  globules  dis- 
appear, and  a  uniform  mixture  has  been  produced.  This  is  subjected  to 
sublimation,  the  vapor  of  the  calomel  being  carried  into  an  atmosphere  of 
steam,  or  into  a  chamber  containing  air ;  it  is  thus  condensed  into  a  mi- 
nutely divided  state,  and  the  laborious  process  of  pulverisation  of  the  sub- 
limed mass  is  avoided.     The  reaction  is  thus  explained : 

S04Hg    +    Hg    +    2NaCl     =     Hg2Cl,     +    S04Na, 

Mercuric  Sodium  Mercuroui  Sodium 

■ulphate.  chloride.  chloride.  sulphate. 

Pare  calomel  is  a  heavy,  white,  insoluble,  tasteless  powder :  it  rises  in 
vapor  at  a  temperature  below  redness,  and  is  obtained  by  ordinary  sub- 
limation as  a  yellowish- white  crystalline  mass.  It  is  as  insoluble  in  cold 
diluted  nitric  acid  as  silver  chloride ;  boiling-hot  strong  nitric  acid  oxidizes 
and  dissolves  it.  Calomel  is  instantly  decomposed  by  an  alkali,  or  by  lime- 
water,  with  production  of  mercurous  oxide.  It  is  sometimes  apt  to  con- 
tain a  little  mercuric  chloride,  which  would  be  a  very  dangerous  contami- 
nation in  calomel  employed  for  medical  purposes.  This  is  easily  discovered 
by  boiling  with  water,  filtering  the  liquid,  and  adding  caustic  potash.  Any 
corrosive  sublimate  is  indicated  by  a  yellow  precipitate. 

The  observed  vapor-density  of  calomel,  referred  to  hydrogen  as  unity, 
is  119-2.  Now  the  formula  Hg»Clr  if  it  represents  a  molecule  occupy- 
ing in  the  gaseous  state  two  volumes  (i.  «.,  twice  the  volume  of  an  atom 
of  hydrogen,  p.  229),  would  give  a  density  nearly  double  of  this :  for 
400  +  2  X  35  6 
- =  235-5.    Hence  it  might  be  inferred  that  the  composition 

of  calomel  should  rather  be  represented  by  the  simpler  formula  HgCI,  which 
would  give  for  the  vapor-density  the  number  117-75.  But  this  formula 
(the  adoption  of  which  would,  of  course,  involve  that  of  similar  formulas 
for  the  other  mercurous  salts,  e.  g.y  NOsHg  for  the  nitrate)  is  objectionable 
on  account  of  its  inconsistency  with  the  law  of  even  numbers,  according  to 
which  a  dyad  element  like  mercury  can  never  unite  with  an  uneven  num- 
ber of  monad  atoms  (p.  282).  Moreover,  the  frequent  decomposition  of 
mercurous  salts  into  mercuric  salts  and  free  mercury  is  in  favor  of  the  sup- 
position that  their  molecules  contain  two  atoms  of  mercury;  and  the  anom- 
aly in  the  vapor-volume  of  calomel  may  be  explained  by  supposing  that 
the  vapor  of  this  compound,  like  that  of  many  others,  undergoes  at  high 
temperatures  the  change  known  as  dissociation  (p.  531),  the  two  volumes  of 
mercurous  chloride,  HgtCl,  being  resolved  into  two  volumes  of  mercuric 
chloride, HgCI,,  and  two  volumes  of  mercury,  Hg.  This  supposition  is,  to 
some  extent,  warranted  by  the  observation  that  calomel  vapor  amalgamates 
gold-leaf,  and  that  corrosive  sublimate  may  be  detected  in  resublimed  cal- 
omel. 

Iodides. — Mercuric  Iodide,  Hg"I„  is  formed,  when  solution  of  potassium 
iodide  is  mixed  with  mercuric  chloride,  as  a  precipitate  which  is  at  first 
yellow,  but  in  a  few  moments  changes  to  a  most  brilliant  scarlet,  this  color 
being  retained  on  drying.  This  is  the  neutral  iodide :  it  may  be  made, 
although  of  rather  duller  tint,  by  triturating  equivalent  quantities  of  iodine 
and  mercury  with  a  little  alcohol.  In  preparing  it  by  precipitation,  it  is 
better  to  weigh  out  the  proper  proportions  of  the  two  salts,  as  the  iodide  is 
soluble  in  an  excess  of  either,  more  especially  in  excess  of  potassium  iodide. 
Mercuric  iodide  exhibits  a  very  remarkable  case  of  dimorphism,  attended 
with  difference  of  color,  which  is  red  or  yellow,  according  to  the  figure 
usumed.  Thus,  when  the  iodide  is  suddenly  exposed  to  a  high  tempera- 
ture, it  becomes  bright-yellow  throughout,  and  yields  a  copious  sublimate 


860  DYAD  METALS. 

of  minute  but  brilliant  yellow  crystals.  If  in  this  state  it  be  touched  by  ft 
hard  body,  it  instantly  becomes  red,  and  the  same  change  happens  spon- 
taneously after  a  certain  lapse  of  time.  On  the  other  hand,  by  a  very  slow 
and  careful  heating,  a  sublimate  of  red  crystals,  haying  a  totally  different 
form,  may  be  obtained,  which  are  permanent  The  same  kind  of  change 
happens  with  the  freshly  precipitated  iodide,  as  Mr.  Warington  has  shown, 
the  yellow  crystals  first  formed  breaking  up  in  the  course  of  a  few  seconds 
from  the  passage  of  the  salt  to  the  red  modification.* 

Mercuric  iodide  forms  double  salts  with  the  more  basic  or  positive  me- 
tallic iodides,  as  those  of  the  alkali-metals  and  alkaline  earth-metals ;  thus 
it  dissolves  in  aqueous  potassium  iodide,  and  the  hot  solution  deposits  on 
cooling,  crystals  of  potassio-mercurio  iodide,  2(KI.HgIf).30Hr 

Mercurous  Iodide,  HgtIr  is  formed  when  a  solution  of  potassium  iodide  is 
added  to  merourous  nitrate :  it  then  separates  as  a  dirty  yellow,  insoluble 
precipitate,  with  a  tinge  of  green.  It  may  also  be  prepared  by  rubbing 
mercury  and  iodine  together  in  a  mortar  in  the  proportion  of  1  atom  of  the 
former  to  1  atom  of  the  latter,  the  mixture  being  moistened  from  time  to 
time  with  a  little  alcohoL 

Oxidks. —  Monoxide,  or  Mercurout  Oxide,  HgO,  commonly  called  Red  Oxide 
of  Mercury,  or  Red  Precipitate. — There  are  numerous  methods  by  which  this 
compound  may  be  obtained.  The  following  may  be  cited  as  the  most  im- 
portant: (1)  By  exposing  mercury  in  a  glass  flask  with  a  long  narrow  neck, 
for  several  weeks,  to  a  temperature  approaching  815°  C.  (599°  P.).  The 
product  has  a  dark  red  color,  and  is  highly  crystalline;  it  is  the  red  precipi- 
tate of  the  old  writers.  (2)  By  cautiously  heating  any  of  the  mercuric  or 
mercurous  nitrates  to  complete  decomposition,  whereby  the  acid  is  decom- 
posed and  expelled,  oxidising  the  metal  to  a  maximum,  if  it  happen  to  be 
in  the  state  of  merourous  salt.  The  product  thus  obtained  is  also  crystal- 
line and  very  dense,  but  has  a  much  paler  color  than  the  preceding ;  while 
hot,  it  is  nearly  black.  It  is  by  this  method  that  the  oxide  is  generally  pre- 
pared: it  is  apt  to  contain  undeeomposed  nitrate,  which  may  be  discovered 
by  strongly  heating  a  portion  in  a  test-tube :  if  red  fumes  are  produced, 
or  the  odor  of  nitrous  acid  exhaled,  the  oxide  has  been  insufficiently  heated 
in  the  process  of  manufacture.  (3)  By  adding  caustic  potash  in  excess  tc 
a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow  precipitate  of 
mercuric  oxide  is  thrown  down,  which  differs  from  the  foregoing  prepara- 
tions merely  in  being  destitute  of  crystalline  texture  and  much  more  mi- 
nutely divided.     It  must  be  well  washed  and  dried. 

Mercuric  oxide  is  slightly  soluble  in  water,  communicating  to  the  latter 
an  alkaline  reaction  and  metallic  taste:  it  is  highly  poisonous.  When 
strongly  heated,  it  is  decomposed,  as  before  observed,  into  metallic  mercury 
and  oxygen  gas. 

Mercurous  Oxide,  Hg,0 ;  Suboxide,  or  Gray  Oxide  of  Mercury.  —  This  oxide  is 
easily  prepared  by  adding  caustic  potash  to  mercurous  nitrate,  or  by  di- 
gesting calomel  in  solution  of  caustic  alkali.  It  is  a  dark  gray,  nearly 
black,  heavy  powder,  insoluble  in  water,  slowly  decomposed  by  the  action 
of  light  into  metallic  mercury  and  red  oxide.  The  preparations  known  in 
pharmacy  by  the  names  blue  pill,  gray  ointment,  mercury  with  chalk,  &c,  often 
supposed  to  owe  their  efficacy  to  this  substance,  merely  contain  the  finely 
divided  metaL 

Mebcubt  Nitbatbs. — Nitric  acid  varies  in  its  action  upon  mercury, 
according  to  the  temperature.  When  cold  and  somewhat  diluted,  it  forms 
only  mercurous  salts,  and  these  are  neutral  or  basic — •*.  e.,  oxynitrates 
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(p.  288)  —  as  the  acid  or  the  metal  happens  to  be  in  excess.  When,  on  the 
contrary,  the  nitric  acid  is  concentrated  and  hot,  the  mercury  is  raised  to 
lis  highest  state  of  oxidation,  and  a  mercuric  salt  is  produced.  Both  classes 
of  salts  are  apt  to  be  decomposed  by  a  large  quantity  of  water,  giving  rise 
to  insoluble,  or  sparingly  soluble  basic  compounds. 

Mercuric  Nitrate*.  —  By  dissolving  mercuric  oxide  in  excess  of  nitric  acid, 
and  evaporating  gently,  a  syrupy  liquid  is  obtained,  which,  enclosed  in  a 
bell-jar  over  lime  or  sulphuric  acid,  deposits  bulky  crystals  and  crystalline 
crusts,  both  having  the  composition  2(NO,)1Hg".OHr  The  same  substance 
is  deposited  from  the  syrupy  liquid  as  a  crystalline  powder  by  dropping  it 
into  concentrated  nitric  acid.  The  syrupy  liquid  itself  appears  to  be  a  de- 
finite compound  containing  (NOf)sHg//.OHr  By  saturating  hot  dilute  nitrio 
acid  with  mercuric  oxide,  a  salt  is  obtained  on  cooling,  which  crystallizes 
in  needles,  permanent  in  the  air,  containing  (NOs)sHg//  .  Hg//O.OHr  The 
preceding  crystallized  salts  are  decomposed  by  water,  with  production  of 
compounds  more  and  more  basic  as  the  washing  is  prolonged  or  the  tempe- 
rature of  the  water  raised. 

Mereurout  Nitrate,  (NOs)aHgr20H2,  forms  large  colorless  crystals  soluble 
in  a  small  quantity  of  water  without  decomposition ;  it  is  made  by  dissolving 
mercury  in  an  excess  of  cold  dilute  nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  finely  crystallized  basic 
salt  is  deposited  after  some  time,  containing  2(N09)sHgrHga0.30Hr  or 
2N,0i.3Hg1O.3OH,;  this  is  also  decomposed  by  water.  The  two  salts  are 
easily  distinguished  when  rubbed  in  a  mortar  with  a  little  sodium  chloride ; 
the  neutral  compound  gives  sodium  nitrate  and  calomel ;  the  basic  salt, 
sodium  nitrate  and  a  black  compound  of  calomel  with  mercurous  oxide.  A 
black  substance,  called  Hahnemann's  soluble  mercury,  is  produoed  when  am- 
monia in  small  quantity  is  dropped  into  a  solution  of  mercurous  nitrate : 
it  contains  N,08.3Hg?0.2NHr  or,  according  to  Kane,  NaO,.2Hg20.2NH,; 
the  composition  of  this  preparation  evidently  varies  according  to  the  tem- 
perature and  the  concentration  of  the  solutions. 

Msbcvby  Sulphates. — Mercuric  Sulphate,  S04Hg",  is  readily  prepared 
by  boiling  together  oil  of  vitriol  and  metallic  mercury  until  the  latter  is 
wholly  converted  into  a  heavy  white  crystalline  powder,  which  is  the  salt 
in  question ;  the  excess  of  acid  is  then  removed  by  evaporation  carried  to 
perfect  dryness.  Equal  weights  of  acid  and  metal  may  be  conveniently  em- 
ployed. Water  decomposes  the  sulphate,  dissolving  out  an  acid  salt,  and 
leafing  an  insoluble,  yellow,  basic  compound,  formerly  called  turpith  or  tur- 
betk  mineral,  containing,  according  to  Kane's  analysis,  S04Hg//.2Hg//0,  or 
S0r3Hg"O.  Long-continued  washing  with  hot  water  entirely  removes  the 
remaining  acid,  and  leaves  pure  mercuric  oxide. 

Mercurous  Sulphate,  S04Hgs,  falls  as  a  white  crystalline  powder  when  sul- 
phuric acid  is  added  to  a  solution  of  mercurous  nitrate :  it  is  but  slightly 
soluble  in  water. 

Mkrcurt  Sulphidms. — Mercuric  Sulphide,  HgS,  occurs  native  as  cinnabar, 
a  dull  red  mineral,  which  is  the  most  important  ore  of  mercury.  Hydrogen 
sulphide  passed  in  small  quantity  into  a  solution  of  mercuric  nitrate,  or 
chloride,  forms  a  white  precipitate,  which  is  a  compound  of  mercuric  sul- 
phide with  the  salt  itself.  An  excess  of  the  gas  converts  the  whole  into 
sulphide,  the  color  at  the  same  time  changing  to  black.  When  this  black 
sulphide  is  sublimed,  it  becomes  dark-red  and  crystalline,  but  undergoes 
no  change  of  composition :  it  is  then  cinnabar  or  vermilion.  Mercuric  sul- 
phide is  moat  easily-  prepared  by  subliming  an  intimate  mixture  of  6  parts 
of  mercury  and  1  part  of  sulphur,  and  reducing  the  resulting  oinnabar  to 
very  fine  powder,  the  beauty  of  the  tint  depending  much  upon  the  extent 
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to  which  division  is  carried.  The  red  or  crystalline  sulphide  may  also  he 
formed  directly,  without  sublimation,  by  heating  the  black  precipitated 
substance  in  a  solution  of  potassium  pentasulphide ;  the  mercuric  sulphide 
is,  in  fact,  soluble,  to  a  certain  extent,  in  the  alkaline  sulphides,  and  forms 
with  them  orystallitable  compounds. 

When  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury  and  sul- 
phurous oxide :  it  resists  the  action  both  of  caustic  alkali  in  solution,  and 
of  strong  mineral  acids,  even  nitric,  and  is  attacked  only  by  nitromuriatic 
acid. 

Mercurous  sulphide,  Hg,8,  is  obtained  by  passing  hydrogen  sulphide  into 
a  solution  of  mercurous  nitrate,  as  a  black  precipitate,  which  is  resolved 
at  a  gentle  heat  into  mercuric  sulphide  and  metallic  mercury. 

Ammoniacal  Mb&cuby  Compouhds.  MERCTTRAjmoNitm  Salts.  —  By  the 
action  of  ammonia  and  its  salts  on  mercury  compounds,  a  variety  of  sub- 
stances are  formed  which  may  be  regarded  as  salts  of  mercurammoniums 
— that  is,  of  ammonium-molecules  in  which  the  hydrogen  is  more  or  less 
replaced  by  mercury,  in  the  proportion  of  100  or  200  parts  of  mercury  to 
1  part  of  hydrogen,  according  as  the  compound  is  formed  from  a  mercurous 
or  a  mercuric  salt.  The  following  are  the  most  important  of  these  com- 
pounds :  — 

Mercuric  Compound*. — Mcrcuro-diammonium  chloride,  (NsH9Hg//)Cly  known 
in  pharmacy  m*  fusible  white  precipitate,  is  produced  by  adding  potash  to  a 
solution  of  amraonio-mercurio  chloride,  (2NH.Cl.HgCL),  or  by  dropping  a 
solution  of  mercuric  chloride  into  a  boiling  solution  of  sal-ammoniac  con- 
taining free  ammonia,  as  long  as  the  resulting  precipitate  redissolvcs:  it 
then  separates  on  cooling  in  regular  dodecahedrons.  At  a  gentle  heat  it 
gives  off  ammonia,  leaving  a  chloride  of  dimercur-ammonium  and  hydrogen, 
(NHjEg'/JCLHCl: 

NAHg"®!    =    NHjHg^Cl,   +    NH,. 

Mercurammonwm  chloride,  (NH,Hg//)Cl.  —  This  salt,  known  in  pharmacy 
as  infusible  white  precipitate,  is  formed  by  adding  ammonia  to  a  solution  of 
mercuric  chloride.  When  first  produced,  it  is  bulky  and  white,  but  by 
contact  with  hot  water,  or  by  much  washing  with  cold  water,  it  is  converted 
into  hydrated  dimercurammonium  chloride,  NHg'^Cl.OH,. 

Trimtrcuro-diammonium  nitrate,  fNJH1Hg//1)(NOl)..  20Hr  is  formed  as  a 
white  precipitate,  on  mixing  a  dilute  and  very  acid  solution  of  mercuric 
nitrate  with  very  dilute  ammonia. 

Trimercuro-diamine,  NtHg"r  a  compound  derived  from  a  double  molecule 
of  ammonia,  N^H^  by  substitution  of  8  atoms  of  bivalent  mercury  for  6 
atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia  gas  over  dry  pre- 
cipitated mercuric  oxide : 

8Hg"0    +    2NH,    a     N,Hg",    +    80H, 

The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimercuro-diamine 
is  obtained  as  a  dark-brown  powder,  which  explodes  by  heat,  friction, 
percussion,  or  contact  with  oil  of  vitriol,  almost  as  violently  as  nitrogen 
chloride. 

Dimercurammonium  chloride,  NHg"aCl.OHr  is  obtained,  as  already  ob- 
served, by  boiling  mercurodiammonium  chloride  (infusible  white  precipi- 
tate) with  water.  It  is  a  heavy,  granular,  yellow  powder,  which  turns 
white  again  when  treated  with  sal-ammoniac. 

Dimercurammonium  iodide,  NHg"fI .  OH,.  —  This  compound  may  be  formed 
by  digesting  the  corresponding  chloride  in  a  solution  of  potassium  iodide; 
or  by  heating  mercuric  iodide  with  excess  of  aqueous  ammonia; 
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2HgIt  +  iNHg  +  0Ht  =  NHg",I.0H,  +  8NH4I; 

also  by  passing  ammonia  gas  oyer  mercuric  oxy-iodide : 

Hg'VA    +    2NHt    =    2(NHg",I.OH,)    +    OH,; 

and,  lastly,  by  adding  ammonia  to  a  solution  of  potassio-mercurio  iodide 
mixed  with  caustic  potash : 

2(2KI.HgIt)  +  NH,  +  3KHO  =  NHg",I .  OH,"  +  7KI  +  20Hr 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia.  A  solu- 
tion of  potassio-mercuric  iodide  is  prepared  by  adding  potassium  iodide  to 
a  solution  of  corrosive  sublimate,  till  a  portion  only  of  the  resulting  red 
precipitate  is  redissolved,  then  filtering,  and  mixing  the  filtrate  with  caustic 
potash.  The  liquid  thus  obtained  forms,  with  a  very  small  quantity  of 
ammonia,  either  free  or  in  the  form  of  an  ammoniacal  salt,  a  brown  pre- 
cipitate soluble  in  excess  of  potassium  iodide.  This  is  called  Nessler's  test 
for  ammonia.* 

Dimercurammonium  hydrate,  NHg"  ,H0.  —  This  compound  is  formed  by 
treating  precipitated  mercuric  oxide  with  aqueous  ammonia,  or  by  treating 
either  of  the  dimercurammonium  salts  with  a  caustic  alkali.  It  is  a  brown 
powder,  which  dissolves  in  acids,  yielding  salts  of  dimercurammonium. 

Dimercurammonium  sulphate,  (NHg//,)sS04 .  20Hr  formerly  called  ammoni- 
acal turpethum,  is  prepared  by  dissolving  mercuric  sulphate  in  ammonia, 
and  precipitating  the  solution  with  water.  It  is  a  heavy  white  powder, 
yellowish  when  dry,  resolved  by  heat  into  water,  nitrogen,  ammonia,  and 
mercurous  .sulphate. 

Mercurous  Compounds.  —  Mercurosammonium  chloride,  NHgHg'Cl,  is  the 
black  precipitate  formed  when  dry  calomel  is  exposed  to  the  action  of  am- 
monia gas.  When  exposed  to  the  air,  it  gives  off  ammonia  and  leaves  white 
mercurous  chloride.  —  Dimercurosammonium  chloride,  NH,Hg',Cl,  is  formed, 
together  with  sal-ammoniac,  by  digesting  calomel  in  aqueous  ammonia : 

HggCl,    +    2NHf    =    NH2Hg,Cl    +    NII4C1. 

It  is  gray  when  dry,  and  is  not  altered  by  boiling  water.  —  Dimercurosam- 
moruum  nitrate,  2(NHtHg*)N08.0IIr  This,  according  to  Kane,  is  the  com- 
position of  the  velvet-black  precipitate  known  as  Hahnemann's  soluble 
mercury,  which  is  produced  on  adding  ammonia  to  a  solution  of  mercurous 
nitrate.  According  to  C.  O.  Mitscherlich,  on  the  other  hand,  the  precipi- 
tate thus  formed  has  the  composition  2NH,.N,05.8Hgs0,  which  is  that  of 
a  hydrated  trimercurosammonium  nitrate,  2(NHHg9)N09. 20Hr 


Reactions  of  Mercury  Salts.  —  All  mercury  compounds  are  volatilized  or 
decomposed  by  a  temperature  of  ignition :  those  which  fail  to  yield  the 
metal  by  simple  heating  may  in  all  cases  be  made  to  do  so  by  heating  in  a 
test-tube  with  a  little  dry  sodium  oarbonate.  The  metal  is  precipitated 
from  its  soluble  combinations  by  a  plate  of  copper,  and  also  by  a  solution 
of  stannous  chloride  used  in  excess. 

Hydrogen  sulphide,  and  ammonium  sulphide,  produce  in  solutions,  both  of 
mercuric  and  of  mercurous  salts,  black  precipitates  insoluble  in  ammonium 
sulphide.  In  mercuric  salts,  however,  if  the  quantity  of  the  reagent  added 
is  not  sufficient  for  complete  decomposition,  a  white  precipitate  is  formed, 
consisting  of  a  compound  of  mercuric  sulphide  with  the  original  Bait,  and 
often  colored  yellow  or  brown  by  excess  of  mercuric  sulphide.     An  excess 

•  Chemical  Gazette,  1856,  pp.  446, 463. 
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of  hydrogen  sulphide,  or  ammonium  sulphide,  instantly  turns  the  precipi- 
tate black.     This  reaction  is  quite  characteristic  of  mercuric  salts. 

Mercuric  salts  are  further  distinguished  by  forming  a  yellow  precipiute* 
with  oaustio  potash  or  eoda  ;  white  with  ammonia  or  ammonium  carbonate,  in- 
soluble in  excess:  red-brown  with  potassium  or  sodium  carbonate.  With 
potassium  iodide  they  yield  a  bright  scarlet  precipitate,  soluble  in  excess, 
either  of  the  mercuric  salt  or  of  the  alkaline  iodide. 

Mereurous  salts  are  especially  characterised  by  forming  with  kfdroeUerk 
acid  or  soluble  chlorides,  a  white  precipitate  which  is  turned  black  by  am- 
monia. They  also  yield  black  precipitates  with  caustic  alkalies,  white  with 
alkaline  carbonates,  soon  turning  black ;  greenish-yellow  with  potassium  wMt. 


i 

Alloys  of  mercury  with  other  metals  are  termed  amalgams:  mercury  di§-  | 
Bolves  in  this  manner  many  of  the  metals,  as  gold,  silver,  tin,  lead,  Ac 
These  combinations  sometimes  take  place  with  considerable  violence,  at  in 
the  case  of  potassium,  in  which  light  and  heat  are  produced;  besides  this, 
many  of  the  amalgams  crystallise  after  a  while,  becoming  solid.  The 
amalgam  of  tin  used  in  silvering  looking-glasses,  and  that  of  silver  and  of 
copper,  sometimes  employed  for  stopping  hoUow  teeth,  are  examples. 
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THALLTOH. 
Atomic  weight,  204.    Symbol,  TL 

THIS  element  was  discovered  by  Crookes,  in  1861,  in  the  seleniferous 
deposit  of  a  lead-chamber  of  a  sulphuric  acid  factory  in  the  Harts 
mountains,  where  iron  pyrites  is  used  for  the  manufacture  of  sulphurio 
aeid.  The  name  is  derived  from  faAAfc,  "  green,"  because  its  existence  was 
first  recognised  by  an  intense  green  line,  appearing  in  the  spectrum  of  a 
flame  in  which  thallium  is  volatilised.  It  was  at  first  suspected  to  be  a 
metalloid,  but  further  examination  proved  it  to  be  a  true  metal.  It  was 
first  obtained  in  a  distinct  metallic  form  by  Crookes  towards  the  end  of  the 
year  1861,  and  soon  afterwards  by  Lamy,  who  prepared  it  from  the  deposit 
in  the  lead-chamber  of  M.  Kuhlmann,  of  Lille,  where  Belgian  pyrites  is 
employed  for  the  manufacture  of  sulphuric  acid. 

Thallium  appears  to  be  very  widely  diffused  as  a  constituent  of  iron  and 
eopper  pyrites,  though  it  never  constitutes  more  than  the  4000th  part  of 
the  bulk  of  the  ores.  It  has  also  been  found  in  lepidolite  from  Moravia, 
in  mica  from  Zinnwald  in  Bohemia,  and  in  the  mother-liquors  of  the  salt 
works  at  Nauheim. 

Thallium  is  most  economically  prepared  from  the  flue-dust  of  pyrites 
burners.  This  substance  is  stirred  up  in  wooden  tubs  with  boiling  water, 
and  the  clear  liquor  siphoned  off  from  the  deposit  is  mixed  with  excess  of 
strong  hydrochloric  acid,  whioh  precipitates  impure  thallium  monochloride, 
To  obtain  a  pure  salt,  this  crude  chloride  is  added  by  small  portions  at  a 
time  to  half  its  weight  of  hot  oil  of  vitriol  in  a  porcelain  or  platinum  dish, 
the  mixture  being  constantly  stirred,  and  the  heat  continued  till  the  whole 
of  the  hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  off.  The  fused  acid  sulphate  is  now  to  be  dissolved  in  an 
excess  of  water,  and  an  abundant  stream  of  hydrogen  sulphide  passed 
through  the  solution.  The  precipitate,  which  may  contain  arsenic,  anti- 
mony, bismuth,  lead,  mercury,  and  silver,  is  separated  by  filtration,  and 
the  filtrate  is  boiled  till  all  free  hydrogen  sulphide  is  removed.  The  liquid 
is  now  to  be  rendered  alkaline  with  ammonia,  and  boiled ;  the  precipitate 
of  iron  oxide  and  alumina,  which  generally  appears  in  this  place,  is  filtered 
off;  and  the  clear  solution  evaporated  to  a  small  bulk.  Thallium  sulphate 
then  separates  on  cooling,  in  long,  clear  prismatic  crystals. 

Metallic  thallium  may  be  reduced  from  the  solution  of  the  sulphate,  either 
by  electrolysis,  or  by  the  action  of  line. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  physical  properties. 
When  freshly  cut,  it  exhibits  a  brilliant  metallic  lustre  and  grayish  color, 
somewhat  between  those  of  silver  and  lead,  assuming  a  slight  yellowish 
tint  by  friction  with  harder  bodies.  It  is  very  soft,  being  readily  cut  with 
&  knife,  and  making  a  streak  on  paper  like  plumbago.  It  is  very  malleable, 
is  not  easily  drawn  into  wire,  but  may  be  readily  squeezed  into  that  form 
31  *  865 
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by  the  process  technically  called  "squirting."  It  has  a  highly  crystalline 
structure,  and  crackles  like  tin  when  bent.     It  melts  at  294°. 

In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than  lead, 
becoming  coated  with  a  thin  layer  of  oxide,  which  preserves  the  rest  of 
the  metal. 

The  most  characteristic  property  of  thallium  is  the  intense  green  color 
which  the  metal  or  any  of  its  compounds  impart  to  a  colorless  flame ;  and 
this  color,  when  viewed  by  the  spectroscope,  is  seen  to  be  absolutely  mono- 
chromatic, appearing  as  one  intensely  brilliant  and  sharp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids,  the  latter 
attacking  it  very  energetically,  with  copious  evolution  of  red  vapors. 

Thallium  forms  two  classes  of  compounds — namely,  the  thallious  com- 
pounds, in  which  it  is  univalent ;  and  the  thallic  compounds,  in  which  it  is 
trivalent.  Thus  it  forms  two  oxides,  T1,0  and  Tl^Og,  with  corresponding 
chlorides,  bromides,  iodides,  and  oxygen-salts.  In  some  of  its  chemical 
relations  it  resembles  the  alkali-metals,  forming  a  readily  soluble  and  highly 
alkaline  monoxide,  a  soluble  and  alkaline  carbonate,  an  insoluble  platino- 
chloride,  a  thallio-aluminic  sulphate,  similar  in  form  and  composition  to 
common  potash-alum,  and  several  phosphates  exactly  analogous  in  compo- 
sition to  the  phosphates  of  sodium.  In  most  respects,  however,  it  is  more 
nearly  allied  to  the  heavy  metals,  especially  to  lead,  which  it  resembles 
closely  in  appearance,  density,  melting  point,  speoifio  heat,  and  electric 
conductivity. 

Thallium  Chlobidxs.  — Thallium  forms  four  chlorides,  represented  by 
the  formulas  T1G1,  T14C1«,  Tl,Clr  and  T1C1,;  the  second  and  third  of  which 
may  be  regarded  as  compounds  of  the  monochloride  and  trichloride. 

The  monochloride  or  Thallious  chloride,  T1C1,  is  formed  by  direct  combina- 
tion, the  metal  burning  when  heated  in  chlorine  gas ;  or  as  a  white  curdy 
precipitate,  resembling  silver  chloride,  by  treating  the  solution  of  any 
thallious  salt  with  a  soluble  chloride.  When  boiled  with  water  it  dissolves 
like  lead  chloride,  and  separates  in  white  crystals  on  cooling.  It  forms 
double  salts  with  trichloride  of  gold  and  tetrachloride  of  platinum.  The 
platinum-sail,  2T1CI.  PtCL.  separates  as  a  pale  yellow  very  slightly  soluble 
crystalline  powder,  on  adding  platinic  chloride  to  thallious  chloride. 

The  trichloride  or  Thallic  chloride,  TIClp  is  obtained  by  dissolving  the  tri- 
oxide  in  hydrochloric  acid,  or  by  acting  upon  thallium,  or  one  of  the  lower 
chlorides,  with  a  large  excess  of  chlorine  at  a  gentle  heat.  It  is  soluble  in 
water,  and  separates  by  evaporation  in  a  vacuum  in  hydrated  crystals; 
melts  easily,  and  decomposes  at  a  high  temperature.  It  forms  crystalline 
double  salts  with  the  chlorides  of  the  alkali-metals. 

The  sesquiehloride,  T^Clj  =  T1CI,.8T1C1,  is  produced  by  dissolving  thal- 
lium or  the  monochloride  in  nitromuriatio  acid,  and  separates  on  cooling 
in  yellow  crystalline  soales.  By  aqueous  ammonia,  potash,  or  even  by 
thallious  oxide,  it  is  instantly  decomposed  into  sesquioxide  and  mono- 
chloride, according  to  the  equation : 

211^  +  8KHO  =  T1,0,  +  6T1C1  +  8KC1  +  8HCL 

The  dkkloride,  T1,C14  «*  TlCl,.TlClf  is  formed  by  carefully  heating  thal- 
lium, or  the  monochloride,  in  a  slow  current  of  chlorine.  It  is  a  pale-yel- 
low substance  reduced  to  sesquichloride  by  further  heating. 

The  Bromides  of  thallium  resemble  the  ohlorides. 

Iodides.  —  Thallious  iodide,  Til,  is  formed  by  direot  combination  of  its 
elements,  or  by  double  decomposition.  It  forms  a  beautiful  yellow  powder, 
rather  darker  than  sulphur,  and  melting,  below  redness,  to  a  scarlet  liquid, 
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which,  m  the  mass  cools,  remains  scarlet  for  some  time  after  solidification, 
then  changes  to  bright-yellow.  The  dried  precipitate,  when  spread  on 
paper  with  a  little  gam-water,  undergoes  a  similar  but  opposite  change  to 
that  experienced  by  mercuric  iodide  when  heated,  the  yellow  surface  when 
held  over  a  flame  suddenly  becoming  scarlet,  and  frequently  remaining  so 
after  cooling  for  several  days ;  hard  friction  with  a  glass  rod,  however, 
changes  the  scarlet  color  back  to  yellow.  It  is  very  slightly  soluble  in 
water,  requiring,  according  to  Crookes,  4463  parts  of  water  at  17*2°,  and 
842-4  parts  at  100°,  to  dissolve  it 

ThaUk  iodide,  T1C1„  is  formed  by  the  action  of  thallium  on  iodine  dis- 
solved in  ether,  as  a  brown  solution  which  gradually  deposits  rhombic 
prisms.  It  forms  crystalline  compounds  with  the  iodides  of  the  alkali- 
metals. 

Thallium  Oxides. — Thallium  forms  a  monoxide  and  a  trioxide. 

The  monoxide,  or  ThaUiout  oxide,  TLO,  constitutes  the  chief  part  of  the 
crust  which  forms  on  the  surface  of  the  metal  when  exposed  to  the  air.  It 
may  be  prepared  by  allowing  granulated  thallium  to  oxidize  in  warm  moist 
air,  and  then  boiling  with  water.  The  filtered  solution  first  deposits  white 
needles  of  thallium  carbonate,  and,  on  further  cooling,  yellow  needles  of 
the  hydrate,  T1HO  or  TLO.  H,0,  which,  when  left  over  oil  of  vitriol  in  a 
vacuum,  yields  the  anhydrous  monoxide  as  a  reddish-black  mass  retaining 
the  shape  of  the  crystals.  It  is  partially  reduced  to  metal  by  hydrogen  at 
a  red  heat.  When  fused  with  sulphur  it  yieldB  thallious  sulphide.  It  dis- 
solves readily  in  water,  forming  a  colorless  strongly  alkaline  solution,  which 
re-acts  with  metallic  salts  very  much  like  caustic  potash.  This  solution 
treated  with  sine,  or  subjected  to  electrolysis,  yields  metallic  thallium. 

The  trioxide,  or  Thallte  oxide,  is  the  chief  product  obtained  by  burning 
thallium  in  oxygen  gas.  It  is  best  prepared  by  adding  potash  to  the  solu- 
tion of  a  thallic  salt,  and  drying  the  precipitate  at  260°  C.  (500°  F.).  It 
is  also  formed  by  electrolysis  of  thallious  sulphate.  It  is  a  dark-red  pow- 
der rednced  to  thallious  oxide  at  a  red  heat;  neutral,  insoluble  in  water 
and  in  alkalies.  Thallic  hydrate,  Tl//,/HOr  is  obtained  by  drying  the 
above-mentioned  precipitate  at  100°. 

Oxtgsw  Salts. — Both  the  oxides  of  thallium  dissolve  readily  in  acids, 
forming  crystalline  salts,  soluble  in  water ;  there  are  also  a  few  insoluble 
thallium  salts  formed  by  double  decomposition. 

Thallioue  Carbonate,  CO^TL,,  is  deposited  in  crystals,  apparently  trimetric, 
when  a  solution  of  thallious  oxide  is  exposed  to  the  air.  It  is  soluble  in 
water,  and  the  solution  has  a  slightly  caustic  taste  and  alkaline  reaction. 

Sulphate*.  —  Thallious  sulphate,  S04T1„  obtained  by  evaporating  the 
chloride  or  nitrate  with  sulphuric  acid,  or  by  heating  metallic  thallium 
with  that  acid,  crystallizes  in  anhydrous  rhombio  prisms,  isomorphous  with 
potassium  sulphate.  It  forms,  with  aluminium  sulphate,  the  salt  (S04)t 
Al"T1.120Hr  isomorphous  with  common  alum;  and  with  the  sulphates 
of  magnesium,  nickel,  &c,  double  salts  containing  6  molecules  of  water, 
and  isomorphous  with  magnesium  and  potassium  sulphate,  &o.  (p.  349).  — 
Thalik  nUphate,  (S04)STL/".70H.,  separates  by  evaporation  from  a  solution 
of  thallic  oxide  in  dilute  sulphuric  acid,  in  thin  colorless  laminae,  which  are 
decomposed  by  water,  even  in  the  cold,  with  separation  of  brown  thallic 
oxide. 

Phosphates.  —  The  thallious  phosphates  form  a  series  nearly  as  complete 
as  those  of  the  alkali-metals,  which  they  also  resemble  in  their  behavior 
when  heated.  There  are  three  orthopkotphatee  containing  respectively  P04 
H2TU  P04HTlr  and  P04T1,.  The  first  two  are  soluble  in  water;  the  second 
is  obtained  by  neutralising  dilute  phosphoric  acid  at  boiling  heat  with  thai- 
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lious  carbonate ;  and  the  first  by  mixing  the  dithallious  salt  with  excess  of 
phosphoric  acid.  The  trithaUious  salt,  P04Tlr  is  very  sparingly  soluble, 
and  is  formed  as  a  crystalline  precipitate  on  mixing  the  saturated  solutions 
•of  ordinary  disodio  phosphate  and  thallious  sulphate;  also,  together  with 
ammonio-thallious  phosphate,  by  treating  the  monothallious  or  dithallious 
salt  with  excess  of  ammonia.  There  are  two  thallious  pyrophosphates  PsOT 
H.T1,  and  P,0TT14,  both  very  soluble  in  water :  the  first  produced  by  care- 
fully heating  monothallious  orthophosphate,  the  second  by  strongly  heating 
dithallious  orthophosphate.  Of  thalliou*  metaphospkate,  P09T1,  there  are 
two  modifications :  the  first  remaining  as  a  slightly  soluble  vitreous  mass 
when  monothallious  orthophosphate  is  strongly  ignited,  the  second  obtained 
as  an  easily  soluble  glass  by  igniting  ammonio-thallious  orthophosphate. 

Thallic  orthophosphate,  PO/T1'".  20Hr  separates  as  an  insoluble  gelatinous 
precipitate  on  diluting  a  solution  of  thallic  nitrate  mixed  with  phosphoric 
acid. 

Thallium  Sulphide,  T)fi.  —  This  compound  is  precipitated  from  all  thal- 
lious salts  by  ammonium  sulphide,  and  from  the  acetate,  carbonate,  or 
oxalate,  by  hydrogen  sulphide  (incompletely  also  from  the  nitrate,  sulphate 
or  chloride),  in  dense  flocks  of  a  grayish  or  brownish-black  color.  Thallic 
salts  appear  to  be  reduced  to  thallious  salts  by  boiling  with  ammonium 
sulphide.  Thallium  sulphate  projected  into  fused  potassium  cyanide  is  re- 
duced to  sulphide,  which  then  forms  a  brittle  metallic-looking  mass,  having 
the  lustre  of  plumbago,  and  fusing  more  readily  than  metallic  thallium. 


Reactions  of  Thallium  salts.  —  The  reactions  of  thallious  salts  with  hydrogen 
sulphide  and  ammonium  sulphide  have  just  been  mentioned.  From  their 
aqueous  solutions  thallium  is  rapidly  precipitated  in  metallic  crystals  by 
zinc,  slowly  by  iron.  Soluble  chlorides  precipitate  difficultly  soluble  white 
thallious  chloride ;  soluble  bromides  throw  down  white,  nearly  insoluble 
bromide ;  soluble  iodides  precipitate  insoluble  yellow  thallious  iodide. 
Caustic  alkalies  and  alkaline  carbonates  form  no  precipitate;  sodium  phos- 
phate forms  a  white  precipitate,  insoluble  in  ammonia,  easily  soluble  in 
acids. 

Potassium  chromate  gives  a  yellow  precipitate  of  thallious  chromate,  in- 
soluble in  cold  nitric  or  sulphuric  acid,  but  turning  orange-red  on  boiling 
in  the  acid  solution.  —  Platinic  chloride  precipitates  a  very  pale-yellow  in- 
soluble  double  salt. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by  their  be- 
haviour with  alkalies,  and  with  soluble  chlorides  or  bromides.  Their  solu- 
tions give  with  ammonia,  and  with  fixed  alkalies  and  their  carbonates*  a  brown 
gelatinous  precipitate  of  thallic  oxide,  containing  the  whole  of  the  thallium. 
Soluble  chlorides  or  bromides  produce  no  precipitate  in  solutions  of  pure 
thallic  salts;  but  if  a  thallious  salt  is  likewise  present,  a  precipitate  of 
scsquichloride  or  sesquibromide  is  formed.  Oxalic  acid  forms  in  solutions 
of  thallic  salts  a  white  pulverulent  precipitate ;  phosphoric  acid  a  white 
gelatinous  precipitate;  and  arsenic  acid  a  yellow  gelatinous  precipitate. 
Thallic  nitrate  gives  with  potassium  ferrocyamde  a  green,  and  with  the  Jerri- 
cyanide,  a  yellow  precipitate. 

In  examining  a  mixed  metallic  solution,  thallium  will  be  found  in  the 
precipitate  thrown  down  by  ammonium  sulphide,  together  with  iron,  nickel, 
manganese,  &c.  From  these  metals  it  may  be  easily  separated  by  precipi- 
tation with  potassium  iodide  or  platinic  chloride,  or  by  reduction  to  the 
metallic  state  with  zinc. 

Thallium  salts  are  reduced  before  the  blowpipe  with  charcoal  and  sodium 
carbonate  or  potassium  cyanide.  The  green  color  imparted  to  flame  by 
thallium,  and  the  peculiar  character  of  its  spectrum,  have  already  been 
mentioned. 
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gold. 

Atomlo  weight,  196*7.    Symbol,  Au  (Auram). 

Gold,  in  small  quantities,  is  a  very  widely  diffused  metal ;  traces  of  it  are 
constantly  found  in  the  iron  pyrites  of  the  more  ancient  rooks.  It  is  always 
met  with  in  the  metallic  state,  sometimes  beautifully  crystallised  in  the  cubic 
form,  associated  with  quarts,  iron  oxide,  and  other  substances,  in  regular 
mineral  veins.  The  sands  of  various  rivers  have  long  furnished  gold  derived 
from  this  source,  and  separable  by  a  simple  process  of  washing ;  such  is  the 
gold-dml  of  commerce.  When  a  veinstone  is  wrought  for  gold,  it  is  stamped 
to  powder,  and  shaken  in  a  suitable  apparatus  with  water  and  mercury ;  an 
Amalgam  is  thus  formed,  which  is  afterwards  separated  from  the  mixture 
and  decomposed  by  distillation.  Formerly,  the  chief  supply  of  gold  was 
obtained  from  the  mines  of  Brazil,  Hungary,  and  the  Ural  mountains ;  but 
California  and  Australia  now  yield  by  far  the  largest  quantity.  The  new 
gold-field  of  British  Columbia  is  also  very  productive. 

Native  gold  is  almost  always  alloyed  with  silver.  The  purest  specimens 
have  been  obtained  from  Schabrowski,  near  Katharinenburg,  in  the  Ural. 
A  specimen  analysed  by  Gustav  Rose  was  found  to  contain  98-96  per  cent, 
of  gold.  The  Californian  gold  averages  from  87*5  to  88*5  per  cent,  and 
the  Australian  from  96  to  96*6  per  cent.  In  some  specimens  of  native  gold,  as 
in  that  from  Linarowski,  in  the  Altai  mountains,  the  percentage  of  gold  is 
as  low  as  60  per  cent,  the  remainder  being  silver.  There  is  also  an  auri- 
ferous silver  found  at  Konigsberg,  in  Hungary,  containing  28  per  cent,  of 
gold  and  72  of  silver. 

Pure  gold  is  obtained  from  its  alloys  by  solution  in  nitro-muriatio  acid 
and  precipitation  with  a  ferrous  salt,  which  reduces  the  gold,  and  is  itself 
converted  into  a  ferric  salt,  thus : 

6S04Fe  +  2AuCl,  =  2(S04),Fe'"1  +  Fe'",Cl€  +  Au,. 
Ferrous  Auric  Ferric  Ferric  Gold. 

sulphate.        chloride.  sulphate.  chloride. 

The  gold  falls  aa  a  brown  powder  which  acquires  the  metallic  lustre  by 
friction. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  color.  It  surpasses  all 
other  metals  in  malleability,  the  thinnest  gold  leaf  not  exceeding,  it  is  said, 
T9*?oT¥  of  an  "l0n  **  thickness,  while  the  gilding  on  the  silver  wire  used  in 
the*  manufacture  of  gold-lace  is  still  thinner.  It  may  also  be  drawn  into 
very  fine  wire.  Gold  has  a  density  of  19-5 :  it  melts  at  a  temperature  a 
little  above  the  fusing  point  of  silver.  Neither  air  nor  water  affects  it  in 
the  least  at  any  temperature ;  the  ordinary  acids  fail  to  attack  it  singly.  A 
mixture  of  nitric  and  hydrochloric  acids  dissolves  gold,  however,  with  ease, 
the  active  agent  being  the  liberated  chlorine. 

Gold  forms  two  series  of  compounds :  the  aurout  compounds,  in  which  it  is 
univalent,  as  AuCl,  Au.O,  Ac,  and  the  auric  compound,  in  which  it  is  triva- 
lent,  as  Au"'^  Au'",Or  Ac. 

Cbxoridbs.  —  The  monochloride  or  Aurous  chloride,  AuCl,  is  produced  when 
the  trichloride  is  evaporated  to  dryness,  and  exposed  to  a  heat  of  227°  C. 
(440°  F.),  until  chlorine  ceases  to  be  exhaled.  It  forms  a  yellowish-white 
mass,  insoluble  in  water.  In  contact  with  that  liquid  it  is  decomposed 
slowly  in  the  cold,  and  rapidly  by  the  aid  of  heat,  into  metallic  gold  and 
trichloride. 

The  trichloride,  or  Auric  chloride,  AuCl,,  is  the  most  important  compound 
of  gold :  it  is  always  produced  when  gold  is  dissolved  in  nitro- muriatic  acid. 
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The  deep-yellow  solution  thus  obtained  yields,  by  evaporation,  yellow  crys- 
tals of  the  double  chloride  of  gold  and  hydrogen :  when  this  is  cautiously 
heated,  hydrochloric  acid  is  expelled,  and  the  residue,  on  cooling,  solidifies 
to  a  red  crystalline  mass  of  auric  chloride,  very  deliquescent,  and  soluble  in 
water,  alcohol,  and  ether.  Aurto  chloride  combines  with  a  number  of  me- 
tallic chlorides,  forming  a  series  of  double  salts,  called  chloro-auratee,  of 
which  the  general  formula  in  the  anhydrous  state  is  MCl.AuCl^  M  repre- 
senting an  atom  of  a  monad  metal.  These  compounds  are  mostly  yellow 
when  in  crystals,  and  red  when  deprived  of  water.  The  ammonium  salt, 
NH4Cl  AuCl, . OHr  crystallises  in  transparent  needles;  the  sodium  salt, 
NaCl.  AuClt .  20Hr  in  long  four-sided  prisms.  Auric  chloride  likewise  forms 
crystalline  double  salts  with  the  hydrochlorides  of  many  organic  bases. 

A  mixture  of  auric  chloride  with  excess  of  acid  potassium  or  sodium  car- 
bonate is  used  for  gilding  small  ornamental  articles  of  copper:  these  are 
cleaned  by  dilute  nitric  acid,  and  then  boiled  in  the  mixture  for  some  time, 
by  which  means  they  acquire  a  thin  but  perfect  coating  of  reduced  gold. 

Oxidks.  — The  monoxide,  or  Aurous  oxide,  is  produced  when  caustic  potash 
in  solution  is  poured  upon  the  monochloride.  It  is  a  green  powder,  partly 
soluble  in  the  alkaline  liquid ;  the  solution  rapidly  decomposes  into  metallic 
gold,  which  subsides,  and  auric  oxide,  which  remains  dissolved. 

Trioxide,  or  Auric  oxide,  AuOr —  When  magnesia  is  added  to  auric  chlor- 
ide, and  the  sparingly  soluble  aurate  of  magnesium  well  washed  and 
digested  with  nitric  acid,  auric  oxide  is  left  as  an  insoluble  reddish-yellow 
powder,  which  when  dry  becomes  chestnut-brown.  It  is  easily  reduced  by 
heat,  and  also  by  mere  exposure  to  light ;  it  is  insoluble  in  oxygen-acids, 
with  the  exception  of  strong  nitric  acid,  insoluble  in  hydrofluoric  acid, 
easily  dissolved  by  hydrochloric  and  hydrobromic  acids.  Alkalies  dissolve 
it  freely:  indeed,  the  acid  properties  of  this  Bubstance  are  very  strongly 
marked;  it  partially  decomposes  a  solution  of  potassium  chloride  when 
boiled  with  that  liquid,  potassium  hydrate  being  produced.  When  digested 
with  ammonia,  it  yields  fulminating  gold  consisting,  according  to  Berzelius, 
of  Au^Nr^OH,. 

The  compounds  of  auric  oxide  with  alkalies  are  called  aurate*.  The 
potassium  salt,  Au,OrOKs.60Hr  or  AuOaK.30Hs,  is  a  crystalline  salt,  the 
solution  of  which  is  sometimes  used  as  a  bath  for  electro- gilding.  A  com- 
pound of  aurate  and  ncid  sulphite  of  potassium,  or  potassium  aurosvlphitt, 
2(AuO.K.4SO,UK) .  OHr  is  deposited  in  yellow  needles  when  potassium 
sulphite  is  added,  drop  by  drop,  to  an  alkaline  solution  of  potassium  aurate. 
Qold  shows  but  little  tendency  to  form  oxygen-salts.  Auric  oxide  dis- 
solves in  strong  nitrio  acid,  but  the  solution  is  decomposed  by  evaporation 
or  dilution.  A  sodio-aurous  hyposulphite,  (SjO.^AuNaj.'iOH,,  is  prepared  by 
mixing  the  concentrated  solutions  of  auric  chloride  and  sodium  hyposul- 
phite and  precipitating  with  alcohol.  It  is  very  soluble  in  water  and 
crvstallixcs  in  colorless  needles.  Its  solution  is  used  for  fixing  daguerreo- 
tvne  pictures.  With  barium  chloride,  it  yields  a  gelatinous  precipitate  of 
bario-aurous  hyposulphite,  (S,0,)4Au2Ba"r 

Sulphides. Aurous  sulphide,  Au.S,  is  formed  as  a  dark-brown,  almost 

Mack  precipitate  when  hydrogen  sulphide  is  passed  into  a  boiling  solution 

f        e  chloride.     It  forms  sulphur-salts  with  the  monosulphides  of  potas- 

ot  sun        g0(jjumm     Aurk  sulphide,  Au,^,  is  precipitated  in  yellow  flocks 

sium  an  gulphido  is  passed  into  a  cold  dilute  solution  of  auric 

W  "d       Both  these  sulphides  dissolve  in  ammonium  sulphide. 

«»f  ffold  in  solution  may  be  detected  by  the  brown  precipi- 
Tbe  presence  °\*V^  fu9ibie  before  the  blowpipe  to  a  bead  of  metallic 
ta*t  with  ferrous  «"*r      ' 
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gold;  also  by  the  brownish-purple  precipitate,  called  "Purple  of  Cassius," 
formed  when  stannous  chloride  is  added  to  dilute  gold  solutions.  The  com- 
position of  this  precipitate  is  not  exactly  known,  but  after  ignition  it 
doubtless  consists  of  a  mixture  of  stannic  oxide  and  metallic  gold.*  It  is 
used  in  enamel  painting. 

Oxalic  add  slowly  reduces  gold  to  the  metallic  state :  to  insure  complete 
precipitation,  the  gold-solution  must  be  digested  with  it  for  24  hours.  For 
the  quantitative  analysis  of  a  solution  containing  gold  and  other  metals, 
oxalic  acid  is  in  most  cases  a  more  convenient  precipitant  than  ferrous  sul- 
phate; inasmuch  as,  if  the  quantities  of  the  other  metals  are  also  to  be 
determined,  the  presence  of  a  large  quantity  of  iron  salt  may  complicate 
the  analysis  considerably. 


Gold  intended  for  coin,  and  most  other  purposes,  is  always  alloyed  with 
a  certain  proportion  of  silver  or  copper,  to  increase  its  hardness  and 
durability :  the  first-named  metal  confers  a  pale  greenish  color.  English 
standard  gold  contains  -X  of  alloy,  now  always  copper.  Gold  when  alloyed 
with  copper  may  be  estimated  by  fusion  in  a  cupel  with  lead,  in  the  same 
way  as  in  the  alloy  with  silver.  If  the  alloy  be  free  from  silver,  the  weight 
of  the  globule  of  gold  left  in  the  cupel  will,  after  repeated  fusions,  accu- 
rately represent  the  quantity  of  gold  which  is  present  in  the  alloy.  But 
if  the  alloy  contains  silver,  that  metal  remains  with  the  gold  after  cupella- 
tion.  In  this  case  the  original  alloy,  consisting  of  gold,  silver,  and  copper, 
is  fused  in  the  muffle  together  with  lead  and  silver ;  the  alloy  of  gold  and 
silver  remaining  after  cupellation  is  then  boiled  with  nitric  acid,  which 
dissolves  the  silver,  the  gold  being  left  behind.  By  treatment  of  the  alloy 
of  gold  and  silver  with  nitric  acid,  an  accurate  separation  is  obtained  only 
when  the  two  metals  are  present  in  certain  proportions'.  If  the  alloy  con- 
tains but  little  silver,  that  metal  is  protected  from  the  action  of  the  nitric 
acid  by  the  gold ;  again,  if  it  contains  too  much  silver,  the  gold  is  left  as  a 
powder  when  the  silver  is  dissolved  out.  Experience  has  shown  that  the 
most  favorable  proportions  are  J  gold  to  f  silver ;  the  gold  is  then  left 
pare,  retaining  the  original  shape  of  the  alloy,  and  can  be  easily  dried  and 
weighed.  The  quantity  of  silver  which  is  added  to  the  alloy  must  there- 
fore vary  with  the  amount  of  gold  which  it  contains. 

Gold-leaf  in  made  by  rolling  out  plates  of  pure  gold  as  thin  as  possible, 
and  then  beating  them  between  folds  of  membrane  with  a  heavy  hammer, 
until  the  requisite  degree  or  tenuity  has  been  reached.  The  leaf  is  made 
to  adhere  to  wood,  &c,  by  size  or  varnish. 

Gilding  on  copper  has  very  generally  been  performed  by  dipping  the 
articles  into  a  solution  of  mercury  nitrate,  and  then  shaking  them  with 
ft  small  lump  of  a  soft  amalgam  of  gold  with  that  metal,  which  thus  be- 
comes spread  over  their  surfaces:  the  articles  are  subsequently  heated  to 
expel  the  mercury,  and  then  burnished.  Gilding  on  steel  is  done  either 
by  applying  a  solution  of  auric  chloride  in  ether,  or  by  roughening  the  sur- 
face of  the  metal,  heating  it,  and  applying  gold-leaf  with  a  burnisher. 
Gilding. by  electrolysis — an  elegant  and  simple  method,  now  rapidly  super- 
ceding many  of  the  others — has  already  been  noticed.  The  solution  usu- 
ally employed  is  obtained  by  dissolving  oxide  or  cyanide  of  gold  in  a  solu- 
tion of  potassium  cyanide. 

•  Graham's  Momenta  of  Chemistry,  Am.  edit.  p.  460. 
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PLATDTTTIL 
Atomic  weight,  197*4.    Symbol,  PL 

PLATINUM,  palladium,  rhodium,  iridium,  ruthenium,  and  osmium,  form 
a  group  of  metals,  allied  in  some  cases  by  properties  in  common,  and 
still  more  closely  by  their  natural  association.  Crude  platinum,  a  native 
alloy  of  platinum,  palladium,  rhodium,  iridium,  and  a  little  iron,  occurs 
in  grains  and  rolled  masses,  sometimes  of  tolerably  large  dimensions,  mixed 
with  gravel  and  transported  materials,  on  the  slope  of  the  Ural  mountains, 
in  Russia,  in  Brazil,  and  Ceylon,  and  in  a  few  other  places.  It  has  never 
been  seen  in  the  rock,  which,  however,  is  judged  from  the  accompanying 
materials  to  have  been  serpentine.  It  is  stated  to  be  always  present  in 
small  quantities  with  native  silver. 

From  this  substance  platinum  is  prepared  by  the  following  process :  The 
crude  metal  is  acted  upon  as  far  as  possible  by  nitro-muriatic  acid,  contain- 
ing an  excess  of  hydrochloric  acid  and  slightly  diluted  with  water,  in  order 
to  dissolve  as  small  a  quantity  of  iridium  as  possible :  to  the  deep  yellow- 
ish-red and  highly  acid  solution  thus  produced,  sal-ammoniac  is  added,  by 
which  nearly  the  whole  of  the  platinum  is  thrown  down  in  the  state  of  am- 
monium platinoohloride.  This  substance,  washed  with  a  little  cold  water, 
dried,  and  heated  to  redness,  leaves  metallic  platinum  in  the  spongy  state. 
This  metal  cannot  be  fused  into  a  compact  mass  by  ordinary  furnace-heat, 
but  the  same  object  may  be  accomplished  by  taking  advantage  of  its  prop- 
erty of  welding,  like  iron,  at  a  high  temperature.  The  spongy  platinum 
is  made  into  a  thin  uniform  paste  with  water,  introduced  into  a  slightly 
conical  mould  of  brass,  and  subjected  to  a  graduated  pressure,  by  which 
the  water  is  squeezed  out,  and  the  mass  rendered  at  length  sufficiently  solid 
to  bear  handling.  It  is  then  dried,  very  carefully  heated  to  whiteness,  and 
hammered,  or  subjected  to  powerful  pressure.  If  this  operation  is  properly 
conducted,  the  platinum  will  then  be  in  a  state  to  bear  forging  into  a  bar, 
which  can  afterwards  be  rolled  into  plates,  or  drawn  into  wire,  at  pleasure. 

A  method  for  refining  platinum  has  lately  been  proposed  by  MM.  Deville 
and  Debray.*  It  consists  in  submitting  the  crude  metal  to  the  action  of  an 
intensely  high  temperature  in  a  crucible  of  lime.  The  apparatus  they  em- 
ploy is  as  follows:  The  lower  part  of  the  furnace  consists  of  a  piece  of 
lime,  hollowed  out  in  the  centre  to  the  depth  of  about  a  quarter  of  an  inch : 
a  small  notch  is  filed  at  one  side  of  this  basin,  through  which  the  metal 
is  introduced  and  poured  out.  A  cover  made  of  another  piece  of  lime  fits 
on  the  top  of  this  basin :  it  is  also  hollowed  to  a  small  extent,  and  has  a 
conical  perforation  at  the  top,  into  which  is  inserted  the  nozsle  of  an  oxy- 
hydrogen  blowpipe.  The  whole  arrangement  is  firmly  bound  with  iron 
wire.  To  use  the  apparatus,  the  stopcock  supplying  the  hydrogen  (or  coal 
gas)  is  opened  and  the  gas  lighted  at  the  notch  in  the  crucible:  the  oxygen 

.  Pfajn.  [3]  It!.  886. 
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is  then  gradually  supplied ;  and  when  the  furnace  is  sufficiently  hot,  the 
metal  is  introduced  in  small  pieces  through  the  orifice.  By  this  arrange- 
ment as  much  as  50  pounds  of  platinum  and  more  may  be  fused  at  once. 
All  the  impurities  in  the  platinum,  except  the  iridium  and  rhodium,  are 
separated  in  this  manner:  the  gold  and  palladium  are  volatilized;  the 
sulphur,  phosphorus,  arsenic,  and  osmium,  oxidiied  and  volatilized ;  and 
the  iron  and  copper  oxidized  and  absorbed  by  the  lime  of  the  crucible. 

Platinum  is  a  little  whiter  than  iron :  it  is  exceedingly  malleable  and 
ductile,  both  hot  and  cold,  and  is  very  infusible,  melting  only  before  the 
oxy-hydrogen  blowpipe,  or  in  the  powerful  blast-furnace  just  described. 
It  is  the  heaviest  substance  known,  its  specific  gravity  being  21  -5.  Neither 
air,  moisture,  nor  the  ordinary  acids  attack  platinum  in  the  slightest  degree 
at  any  temperature :  hence  its  great  value  in  the  construction  of  chemical 
vessels.  It  is  dissolved  by  nitro- muriatic  acid,  and  superficially  oxidized 
by  fused  potassium  hydrate,  which  enters  into  combination  with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the  union  of 
oxygen  and  hydrogen  has  been  already  noticed.  There  is  a  still  more 
curious  state  in  which  platinum  can  be  obtained — that  of  platinum-black, 
in  which  the  division  is  carried  much  further.  It  is  easily  prepared  by 
boiling  a  solution  of  platinic  chloride,  to  which  an  excess  of  sodium  car- 
bonate and  a  quantity  of  sugar  have  been  added,  until  the  precipitate 
formed  after  a  little  time  becomes  perfectly  black,  and  the  supernatant 
liquid  colorless.  The  black  powder  is  collected  on  a  filter,  washed  and  dried 
by  gentle  heat.  This  substance  appears  to  possess  the  property  of  con- 
densing gases,  more  especially  oxygen,  into  its  pores  to  a  very  great  extent ; 
when  placed  in  contact  with  a  solution  of  formic  acid,  it  oenverts  the  latter, 
with  copious  effervescence,  into  carbonic  acid ;  alcohol,  dropped  upon  the 
platinum-black,  becomes  changed  by  oxidation  to  acetic  acid,  the  rise  of 
temperature  being  often  sufficiently  great  to  cause  inflammation.  When 
exposed  to  a  red-heat,  the  black  substance  shrinks  in  volume,  assumes  the 
appearance  of  common  spongy  platinum,  and  loses  these  peculiarities,  which 
are  no  doubt  the  result  of  its  excessively  comminuted  state. 

Platinum  forms  two  series  of  compounds:  the  platinous  compound*,  in 
which  it  is  bivalent,  e.  g.  Pt"Clr  Pt//0,  and  the  platinic  compounds,  in  which 
it  is  quadrivalent,  eg.,  Vi^C\v  Pt"0„  &c. 

Chlobideb. — The  ekehloride,  or  Platinous  chloride,  Pt"Cl,,  is  produced 
when  platinic  chloride,  dried  and  powdered,  is  exposed  for  some  time  to 
heat  of  about  200°,  whereby  half  the  chlorine  is  expelled ;  also,  when  sul- 
phurous acid  gas  is  passed  into  a  solution  of  the  tetrachloride  until  the 
latter  ceases  to  give  a  precipitate  with  sal-ammoniac.  It  is  a-greenish-gray 
powder,  insoluble  in  water,  but  dissolved  by  hydrochloric  acid.  The  latter 
solution,  mixed  with  sal-ammoniac  or  potassium  chloride,  deposits  a  double 
salt  in*  fine  red  prismatic  crystals,  containing,  in  the  last  case,  2KCl.PtClr 
The  corresponding  sodium-compound  is  very  soluble  and  difficult  to  crys- 
tallize. These  double  salts  are  called  platmoso-chloridee  or  chloroplatmitee. 
Platinous  chloride  is  decomposed  by  heat  into  chlorine  and  metallic  platinum. 

The  tetrachloride,  or  Platinic  chloride,  Pt,fCl4,  is  always  formed  when 
platinum  is  dissolved  in  nitro-muriatic  acid.  The  acid  solution  yields,  on 
evaporation  to  dryness,  a  red  or  brown  residue,  deliquescent,  and  very 
soluble  both  in  water  and  in  alcohol;  the  aqueous  solution  has  a  pure 
orange-yellow  tint.  Platinic  chloride  unites  with  a  great  variety  of  metal- 
lic chlorides,  forming  double  salts  called  platino-chlorides  or  chloro-platinates  ; 
the  most  important  of  these  compounds  are  those  containing  the  metals  of 
the  alkalies  and  ammonium.  Potassium  platmochloride,  2KCl.PtCl4,  forms  a 
bright  yellow  crystalline  precipitate,  being  produced  whenever  solutions 
of  the  chlorides  of  platinum  and  of  potassium  are  mixed,  or  a  potassium 
82 
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Bali  mixed  with  a  little  hydrochloric  acid  is  added  to  platinum  tetrachloride. 
It  is  feebly  soluble  in  water,  still  less  soluble  in  dilute  alcohol,  and  is  de- 
composed with  some  difficulty  by  heat.  It  is  easily  reduced  by  hydrogen 
at  a  high  temperature,  yielding  a  mixture  of  potassium  chloride  and  plati- 
num-black :  the  latter  substance  may  thus,  indeed,  be  very  easily  prepared. 
The  sodium-salt,  2NaCl.PtCl4  60Hr  is  very  soluble,  crystallising  in  large, 
transparent,  yellow-red  prisms  of  great  beauty.  The  ammonium-sail,  2NH4 
Cl.PtCl4,  is  undistinguishable,  in  physical  characters,  from  the  potasaium- 
aalt ;  it  is  thrown  down  as  a  precipitate  of  small,  transparent,  yellow,  octo- 
hedral  crystals  when  sal-ammoniac  is  mixed  with  platinic  chloride ;  it  is 
but  feebly  soluble  in  water,  still  leas  so  in  dilute  alcohol,  and  is  decomposed 
by  heat,  yielding  spongy  platinum,  while  sal-ammoniac,  hydrochloric  acid, 
and  nitrogen  are  driven  off.  Platinio  chloride  also  forms  crystallizable 
double  salts  with  the  hydrochlorides  of  many  organic  bases;  with  ethy la- 
mine,  for  example,  the  compound,  2[NH,(CtH.)HCl].PtCl4. 

The  bromide*  and  iodides  of  platinum  are  analogous  in  composition  to  the 
chlorides,  and  likewise  form  double  salts  with  alkaline  bromides  and  iodides. 

Oxides.  —  The  monoxide,  or  Platinous  oxide,  Pt"0,  is  obtained  by  digesting 
the  dichloride  with  caustic  potash,  as  a  black  powder,  soluble  in  excess  of 
alkali.  It  dissolves  also  in  acids  with  brown  color,  and  the  solutions  are 
not  precipitated  by  sal-ammoniac.  When  platinum  dioxide  is  heated  with 
solution  of  oxalic  acid,  it  is  reduced  to  monoxide,  which  remains  dissolved. 
The  liquid  has  a  dark-blue  color,  and  deposits  fine  copper-red  needles  of 
platinous  oxalate. 

The  dioxide,  or  Platinic  oxide,  Pt**Or  is  best  prepared  by  adding  barium 
nitrate  to  a  solution  of  platinio  sulphate;  barium  sulphate  and  platinic 
nitrate  are  then  produced,  and  from  the  latter  caustic  soda  precipitates 
one  half  of  the  platinum  as  platinic  hydrate.  The  sulphate  is  itself  obtained 
by  acting  with  strong  nitric  acid  upon  platinum  bisulphide,  which  falls  as 
a  black  powder  when  a  solution  of  the  tetrachloride  is  dropped  into  potas- 
sium sulphide.  Platinio  hydrate  is  a  bulky  brown  powder,  which,  when 
gently  heated,  becomes  black  and  anhydrous.  It  may  also  be  formed  by 
boiling  platinic  chloride  with  a  great  excess  of  caustic  soda,  and  then  adding 
acetic  acid.  It  dissolves  in  acids,  and  also  combines  with  bases :  the  salts 
have  a  yellow  or  red  tint,  and  a  great  disposition  to  unite  with  salts  of  the 
alkalies  and  alkaline  earths,  giving  rise  to  a  series  of  double  compounds, 
which  are  not  precipitated  by  excess  of  alkali.  A  combination  of  platinic 
oxide  with  ammonia  exists,  which  is  explosive.  Both  oxides  of  platinum 
are  reduced  to  the  metallic  state  by  ignition. 

Sulphides.  —  The  compounds  Pt"S  and  Pt,TS,  are  produced  by  the  action 
of  hydrogen  sulphide,  or  the  sulph-hydrate  of  an  alkali-metal,  on  the  di- 
chloride and  tetrachloride  of  platinum  respectively ;  they  are  both  black 
substances,  insoluble  in  water.  Platinic  sulphide  heated  in  a  close  vessel 
gives  off  half  its  sulphur  and  is  reduced  to  platinous  sulphide.  It  dissolves 
in  alkaline  hydrates,  carbonates,  and  sulphides,  forming  salts  called  tulpho- 
platinates,  which  are  decomposed  by  acidB. 

Ammoniacal  Platinum  Compounds. 

The  chlorides,  oxides,  sulphates,  &c,  of  platinum  are  capable  of  taking 
up  two  or  more  molecules  of  ammonia,  and  forming  compounds  analogous 
in  many  respects  to  the  ammoniacal  mercury  compounds  already  described. 
There  are  five  series  of  these  compounds,  which  may  be  formulated  as  in 
the  following  table,  the  symbol  E  denoting  a  univalent  chlorous  radical, 
such  as  CI,  Br,  NO„  &o. 
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I.  Disjnmonio-platinous  compounds  .  2NH8.Pt"Rr 

II.  Tetrammonio-platinous  compoundB  .  4NHt.Pt"Rr 

III.  Diammonio-platinic  compounds  .  2NHf.PtiTR4. 

IV.  Tetrammonio-platinio  compounds  .  4NH,.Pt,?R4. 

V.  Octammonio-diplatinic  compounds     .  8NHt.  VfrJBLfi". 

Any  number  of  atoms  of  the  univalent  radical  R  may  be  replaced  in  these 
compounds  by  an  equivalent  quantity  of  another  radical,  univalent  or  multi- 
valent, thus  giving  rise  to  oxychlorides,  nitrato*chlorides,  oxynitrates,  &c. 

The  diammonio-platinous  and  Ulramrnonio-platimc  compounds  (I.  and  IV.) 
may  evidently  be  derived  from  double  and  quadruple  molecules  of  am- 
monium salts,  by  the  substitution  of  Pt"  or  PtlT  for  an  equivalent  quantity 
of  hydrogen:  e. g.,  2NH,.Pt"Cl,=(N,H6Pt").Cl,;  and  4NHrPtwCl4=(N4 
HwPt^.Cl^  The  composition  of  the  telrammomo-platinous  compounds  (II.) 
will  be  understood  when  it  is  remembered  that,  nitrogen  being  a  pentad 
element,  NH,,  is  a  bivalent  radical,  and  that  any  number  of  such  radicals 
may  be  added  to  a  compound  without  disturbing  the  balance  of  equivalency 
(pp.  234,  236).  Further,  since  the  addition  of  NH,  to  any  compound  con- 
taining hydrogen  comes  to  the  same  thing  as  replacing  an  atom  of  hydrogen 
in  that  compound  by  ammonium,  NH4,  these  tetrammonio-platinous  com- 
pounds may  also  be  regarded  as  salts  of  diammoplatoso-diammomum,  that  is, 
of  a  double  ammonium  molecule,  N.Eg,  in  which  two  atoms  of  hydrogen 
are  replaced  by  Pt",  and  two  more  by  (NH4)r  —  In  the  diammonio-platinic 
compounds  (III.),  the  bivalent  radical  (PtPCy"  plays  the  same  part  as  Pt" 
in  the  diammonio-platinous  compounds. 

The  following  table  exhibits  the  constitution  of  the  several  groups  of 
compounds  according  to  these  views,  taking  the  chlorides  as  examples: 


L   J&NHyPtCl,     =  (NjHePt'OCl, 


n.  aNHyPfci,  =r  [NAprajjrV'jci, 


NBLCl 

4 

NHtCl 
NHtCl 
NHt 

NH.C1 


m.    2NHrPt**Cl4  =  [NjH^PtfrCl,)"]^      =  PtCl,  * 

NHtCl 
N2H6C1, 

IV.    4NHrPilvCl4  =  (N4HvPl^)a«  =  Pt 

NAC1,. 

V.  The  oetammonio-diplatinic  compounds  consist  of  double  molecules  of 
tetrammonio-platinio  compounds  having  two  or  more  moleculeB  of  the  uni- 
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Talent  radical  R,  replaced  by  an  equivalent  quantity  of  a  bivalent  radical: 
e.  y.,  the  ozymtrate  =  8NH* Ptf^NOtJyO"  =  (N^Pt*,)  {  V$)\ 

I.  Diammonio-platinous  Compound*.  —  These  compounds  are  formed  by  the 
action  of  heat  on  those  of  the  following  series,  half  the  ammonia  of  the 
latter  being  then  given  off.  They  are  for  the  most  part  insoluble  in  water, 
but  dissolve  in  ammonia,  reproducing  the  tetrammonio-platinous  com- 
pounds: they  detonate  when  heated. 

Chloride,  NsH«Pt"Clr  —  Of  this  compound  there  are  three  isomeric  mod- 
ifications:— m.  Yellow,  obtained  by  adding  hydrochloric  acid,  or  a  soluble 
chloride,  to  a  solution  of  diammonio-platinous  nitrate  or  sulphate,  or  by 
boiling  the  green  modification,  y,  with  ammonium  nitrate  or  sulphate;  or, 
by  neutralising  a  solution  of  platinous  chloride  in  hydrochloric  acid  with 
ammonium  carbonate,  heating  the  mixture  to  the  boiling  point,  and  adding 
a  quantity  of  ammonia  equal  to  that  already  contained  in  the  liquid,  filter- 
ing from  a  dingy  green  substance,  which  deposits  after  a  while,  then  leav- 
ing the  solution  to  cool,  and  decanting  the  supernatant  liquid  as  soon  as 
the  yellow  salt  is  deposited.  0.  Red. — If,  in  the  last  mode  of  preparation, 
the  ammonium  carbonate,  instead  of  being  added  at  once  in  excess,  be 
added  drop  by  drop  to  the  hydrochloric  acid  solution  of  platinous  chloride, 
the  liquid  on  cooling  deposits  small  garnet- colored  crystals  having  the  form 
of  six-sided  tables.  This  red  modification  may  also  be  obtained  in  other 
ways.  y.  Oreen.  —  This  modification,  usually  denominated  the  green  salt  of 
Magnus,  was  the  first  discovered  of  the  ammoniacal  platinum  compounds. 
It  is  obtained  by  gradually  adding  an  acid  solution  of  platinous  chloride  to 
caustic  ammonia;  or  by  passing  sulphurous  acid  gas  into  a  boiling  solution 
of  platinic  chloride,  till  it  is  completely  converted  into  platinous  chloride 
(and  therefore  no  longer  gives  a  precipitate  with  sal-ammoniac),  and  neu- 
tralizing the  solution  with  ammonia;  the  compound  is  then  deposited  in 
green  needles.  The  same  modification  of  the  salt  may  also  be  obtained  by 
adding  an  acid  solution  of  platinous  chloride  to  a  solution  of  tetrammonio- 
platinous  chloride,  N1Hl1Pt//Clr  The  corresponding  iodide,  N^Pfl,,  is 
a  yellow  powder,  obtained  by  heating  the  aqueous  solution  of  the  compound, 
N4H,aPt"I-  It  dissolves  in  ammonia,  reproducing  the  latter  compound. 
The  oxide,  NsH9Pt"0,  obtained  by  heating  tetrammonio-platinous  hydrate 
to  110°,  is  a  grayish  mass,  which,  when  heated  to  100°  in  a  close  vessel, 
gives  off  water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  The 
sulphate,  N,H§Pt"S04.OH-  and  the  nitrate,  N2H§Pt"(NOt)r  are  obtained  by 
boiling  the  iodide  with  sulphate  and  nitrate  of  silver :  they  are  crystalline 
and  have  a  strong  acid  reaction.  The  sulphate  retains  a  molecule  of  crys- 
tallisation-water, which  cannot  be  removed  without  decomposing  the  salt. 

II  Tetrammonio-platinous  Compounds. — The  eklortde,  N4H11Pt/,Clr  is  pre- 
pared by  boiling  platinous  chloride,  or  the  green  salt  of  Magnus,  with 
aqueous  ammonia  till  the  whole  is  dissolved,  and  evaporating  the  liquid  to 
the  crystallising  point.  The  bromide  and  iodide  of  this  series  are  obtained 
by  treating  the  solution  of  the  sulphate  with  bromide  or  iodide  of  barium  : 
they  crystallize  in  cubes.  The  oxide,  NiH|.Pt//0,  is  obtained  as  a  crystal- 
line mass  by  decomposing  the  solution  of  the  sulphate  with  an  equivalent 
quantity  of  baryta-water,  and  evaporating  the  filtrate  in  a  vacuum.  It  is 
strongly  alkaline  and  caustic,  like  potash,  absorbs  carbonio  acid  rapidly 
from  the  air,  and  precipitates  silver  oxide  from  the  solution  of  the  nitrate. 
It  is  a  strong  base,  neutralizing  acids  completely,  and  expelling  ammonia 
from  its  salts.  It  melts  at  110°,  giving  off  water  and  ammonia,  and  leav- 
ing diammonio-platinous  oxide.  Its  aqueous  solution  does  not  give  off 
ammonia,  even  when  boiled. 

Carbonates.— The  oxide  absorbs  carbon  dioxide  rapidly  from  the  air, 
forming  first  a  neutral  carbonate,  N4H,^>t//COrOHr  and  afterwards  an 
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wid  alt,  N4HwPt"CO,.COtHr  The  sulphate,  N4H„Pt"804,  and  the  nitrate, 
K|HbPt//(NOs)r  are  obtained  by  decomposing  the  chloride  with  Bilver  sul- 
phite or  nitrate ;  they  are  neutral,  and  crystallize  easily. 

IIL  Diammonio-platime  Compounds. — The  chloride,  N,HfPtlfCl4,  is  obtained 
by  passing  chlorine  gas  into  boiling  water  in  which  diammonio-platinous 
chloride  (the  yellow  modification)  is  suspended.  This  compound  is  insolu- 
ble in  cold  water,  and  very  slightly  soluble  in  boiling  water,  or  in  water 
containing  hydrochloric  acid.  It  dissolves  in  ammonia  at  a  boiling  heat, 
and  the  solution,  on  cooling,  deposits  a  yellow  precipitate,  consisting  of 
tetrammoniacal  platinic  chloride.  It  dissolves  in  boiling  potash  without 
evolving  ammonia. 

Nitrates.— An  oxy nitrate,  N,HePtlT(NOt),0//,  is  obtained  by  boiling  the 
chloride,  N,HflPtCl4,  for  several  hours  with  a  dilute  solution  of  silver  nitrate. 
It  is  a  yellow  crystalline  powder,  sparingly  soluble  in  cold,  more  soluble  in 
boiling  water.  The  normal  nitrate,  N,HePtlT(NO,)4,  is  obtained  by  dissolving 
the  oxjnitrate  in  nitric  acid :  it  is  yellowish,  insoluble  in  cold  water,  solu- 
ble in  hot  nitric  acid. 

The  oxide,  N,H^Pt,TOr  is  obtained  by  adding  ammonia  to  a  boiling  solu- 
tion of  diammonio-platinic  nitrate ;  it  is  then  precipitated  in  the  form  of  a 
hmy  yellowish,  crystalline  powder,  composed  of  small  shining  rhomboidal 
prisms;  it  is  nearly  insoluble  in  boiling  water,  and  resists  the  action  of 
boiling  potash.  Heated  in  a  close  vessel,  it  gives  off  water  and  ammonia, 
tad  leaves  metallic  platinum.  It  dissolves  readily  in  dilute  acids,  even  in 
wetie  acid,  and  forms  a  large  number  of  crystallizable  salts,  both  neutral 
and  aeid,  having  a  yellow  color,  and  sparingly  soluble  in  water.*  Another 
compound  of  platinic  oxide  with  ammonia,  called  fulminating  platinum,  whose 
composition  has  not  been  exactly  ascertained,  is  produced  by  decomposing 
immonium  platino-chloride  with  aqueous  potash.  It  is  a  straw-colored 
powder,  which  detonates  slightly  when  suddenly  heated,  but  strongly  when 
'  exposed  to  a  gradually  increasing  heat. 

IT.  Tetrammonio-platinic  Compounds. — The  oxide  of  this  series  has  not  yet 
been  isolated.  The  chloride,  N4H12PtwCl4.  is  obtained  by  passing  chlorine 
?*&  into  a  solution  of  tetrammonio-platinous  chloride ;  by  dissolving  diam- 
soaio-platinic  chloride  in  ammonia,  and  expelling  the  excess  of  ammonia 
i?  evaporation ;  or  by  precipitating  a  solution  of  tetrammonio-platinio 
tinutrate  or  nitrato-chloride  with  hydrochloric  acid.  It  is  white,  and  dis- 
hes in  small  quantity  in  boiling  water,  from  which  solution  it  is  deposited 
is  the  form  of  transparent  regular  octohedrons,  having  a  faint  yellow  tint. 
*ben  a  solution  of  this  salt  is  treated  with  silver  nitrate,  one-half  of  the 
chlorine  is  very  easily  precipitated,  but  to  remove  even  a  small  portion  of 
tfce  remainder  requires  a  long-continued  action  of  the  silver-salt.  The 
tifobromide,  N4HlsPt**Br2Cl,,  is  prepared  by  treating  tetrammonio-platinous 
&oride  with  bromine.  An  oxynitrate,  N4H,,Pt,T(NOf ),0 ;  a  nitrato-chloride, 
WlNO^Cl,;  a  sulphato-chloride,  NsHlaPt,T(S04)//Cl1;  and  an  oxalo- 
e***k,  N^H^t1  foO^'Cl,,  have  likewise  been  obtained. 

T.  OetammoniO'diplatinic  Compounds.  An  oxynitrate  or  basic  nitrate,  NgH^ 
P'.'VXOjJfO",  is  produced  by  boiling  tetrammonio-platinous  nitrate  with 
^ne  acid.  It  is  a  colorless,  crystalline,  detonating  salt,  slightly  soluble 
^  cold  wateg,  more  soluble  in  boiling  water,  insoluble  in  nitric  acid, 
^erbardt.)  A  nitrat-oxy chloride,  N8HMPt!'  (NCL)40"C1?,  discovered  by 
k*waky,  is  formed  when  Magnus's  green  salt  is  boiled  with  a  large  excess 
■'  nitric  acid.     Bed  fumes  are  then  evolved,  and  the  resulting  solution  de- 

•  Gerhardt,  Comtes  rcndus  des  traraux  en  Chimie,  1849,  p.  273. 
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posits  the  nitrat-oxy  chloride  in  small  brilliant  needles,  which  deflagrate 
when  heated,  giving  off  water  and  sal-ammoniac,  and  leaving  metallic 
platinum.  The  nitric  acid  in  this  salt  may  be  replaced  by  an  equivalent 
quantity  of  carbonic  or  oxalic  acid,  yielding  the  compounds,  N8HtlPlVCOt)" 
,0"Clr  and  NjH^Pt1' (C204)", 0"Clr  both  of  which  are  crystalliiable  and 
sparingly  soluble.  A  basic  ozato-rutrate,  EflpW'JC fit)" 4X°t)fl"f  ksolu- 
ble  in  water,  is  obtained  by  adding  ammonium  oxalate  to  the  oxynitratet 
(Gerhardt.) 

Reaction*  of  Platinum  Salts. — Platinic  chloride  or  a  platinic  oxygen-salt 
may  be  recognixed  in  solution  by  the  yellow  precipitate  with  sal-ammoniac, 
decomposable  by  heat,  with  production  of  spongy  metal. 

Hydrogen  sulphide  and  ammonium  sulphide  gradually  form  a  brown  precipi- 
tate of  platinic  sulphide,  soluble  in  excess  of  ammonium  sulphide.  Zmc 
precipitates  metallic  platinum. 

Platinic  chloride  and  sodium  platinochloride  are  employed  in  analytical 
investigations  to  detect  the  presence  of  potassium,  and  separate  it  from 
sodium.  For  the  latter  purpose,  the  alkaline  salts  are  converted  into 
chlorides,  and  in  this  state  mixed  with  four  times  their  weight  of  sodium 
platinochloride  in  crystals,  the  whole  being  dissolved  in  a  little  water. 
When  the  formation  of  the  yellow  salt  appears  complete,  alcohol  is  added, 
and  the  precipitate  collected  on  a  weighed  filter,  washed  with  weak  spirit, 
carefully  dried,  and  weighed.  The  potassium  chloride  is  then  easily  reck- 
oned from  the  weight  of  the  double  salt ;  and  this,  subtracted  from  the 
weight  of  the  mixed  chlorides  employed,  gives  that  of  the  sodium  chloride 
by  difference ;  100  parts  of  potassium  platinochloride  correspond  to  30  51 
parts  of  potassium  chloride. 


Capsules  and  crucibles  of  platinum  are  of  great  value  to  the  chemist: 
the  latter  are  constantly  used  in  mineral  analysis  for  fusing  siliceous  matter 
with  alkaline  carbonates.  They  suffer  no  injury  in  this  operation,  although 
caustic  alkali  roughens  and  corrodes  the  metal.  The  experimenter  must 
be  particularly  careful  to  avoid  introducing  any  oxide  of  an  easily  fusible 
metal,  as  that  of  lead  or  tin,  into  a  platinum  crucible.  If  reduction  should 
by  any  means  occur,  these  metals  will  at  once  alloy  themselves  with  the 
platinum,  and  the  vessel  will  be  destroyed.  A  platinum  crucible  must  never 
be  put  naked  into  a  coke  or  charcoal  fire,  but  always  placed  within  a  covered 
earthen  cruoible. 


PALLADIUM. 

Atomio  weight,  106*5.    Symbol,  Pd. 

When  the  solution  of  crude  platinum,  from  which  the  greater  part  of  that 
metal  has  been  precipitated  by  sal-ammoniac,  is  neutralised  by  sodium  car- 
bonate, and  mixed  with  a  solution  of  mercuric  cyanide,  palladium  cyanide 
separates  as  a  whitish  insoluble  substance,  which,  on  being  washed,  dried, 
and  heated  to  redness,  yields  metallic  palladium  in  a  spongy  state.  The 
palladium  may  then  be  welded  into  a  mass,  in  the  same  manner  as  platinum. 

Palladium  closely  corresponds  with  platinum  in  color  and  appearance; 
it  is  also  very  malleable  and  ductile.  Its  density  differs  ve*fy  much  from 
that  of  platinum,  being  only  11-8.  Palladium  is  more  oxidable  than  plati- 
num. When  heated  to  redness  in  the  air,  especially  in  the  state  of  sponge, 
it  acquires  a  blue  or  purple  superficial  film  of  oxide,  which  is  again  reduced 
at  a  white  heat.  This  metal  is  slowly  attacked  by  nitric  acid;  its  best 
solvent  is  nitro-muriatio  acid. 
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Palladium,  like  platinum,  forms  two  classes  of  compounds ;  namely,  the 
paUadious  compounds,  in  which  it  is  bivalent,  and  the  palladic  compounds,  in 
which  it  is  quadrivalent. 

Chlobideb. —  The  dichloride,  or  Palladious  chloride,  Pd"Clr  is  obtained 
by  dissolving  the  metal  in  nitre-muriatic  acid,  and  evaporating  the  solution 
to  dryness.  It  is  a  dark-brown  mass,  which  dissolves  in  water  if  the  heat 
has  not  been  too  great,  and  forms  double  salts  with  many  metallic  chlorides. 
The  palladio-chlorides  of  ammonium  and  potassium  are  much  more  soluble 
than  the  corresponding  platino-chlorides :  they  have  a  brownish-yellow  tint. 

The  tetrachloride,  or  Palladic  chloride,  PdlTCl4,  exists  only  in  solution  and 
in  combination  with  the  alkaline  chlorides.  It  is  formed  when  the  dichlor- 
ide  is  digested  in  nitro-muriatio  aoid.  The  solution  has  an  intense  brown 
color,  and  is  decomposed  by  evaporation.  Mixed  with  potassium  chloride, 
or  sal-ammoniac,  it  gives  rise  to  a  red  crystalline  precipitate,  which  is  but 
little  soluble  in  water. 

Palladious  Iodide,  Pd"Iy  is  precipitated  from  the  chloride  or  nitrate 
by  soluble  iodides,  as  a  black  mass,  which  gives  off  its  iodine  between  300° 
and  360°  C.  (572°  and  680°  F.)  Palladium-salts  are  employed  for  the  quan- 
titative estimation  of  iodine,  chlorine  and  bromine  not  being  precipitated 
by  them. 

Oxidbs. — The  monoxide,  or  Palladious  oxide,  Pd"0,  is  obtained  by  evapo- 
rating to  dryness,  and  cautiously  heating,  the  solution  of  palladium  in  nitric 
acid.  It  is  black,  and  but  little  soluble  in  acids.  The  hydrate  falls  as  a 
dark-brown  precipitate  when  sodium  carbonate  is  added  to  the  above  solu- 
tion.   It  is  decomposed  by  a  strong  heat. 

The  dioxide,  or  Palladic  oxide,  PdlrO',  is  not  known  in  the  separate  state. 
From  a  solution  of  palladic  chloride,  alkalies  and  alkaline  carbonates  throw 
down  a  brown  precipitate  consisting  of  hydrated  palladic  oxide  combined 
with  the  alkali.  This  compound  gives  off  half  its  oxygen  at  a  moderate 
heat,  and  the  whole  at  a  higher  temperature.  From  hot  solutions,  a  black 
precipitate  is  obtained  containing  the  anhydrous  dioxide.  The  hydrate  dis- 
solves slowly  in  acids,  forming  yellow  solutions.  In  strong  hydrochlorio 
acid  it  dissolves  without  decomposition,  forming potassio-palladic  chloride,  aris- 
ing from  admixed  potash ;  with  dilute  hydrochlorio  acid,  on  the  contrary, 
it  gives  off  chloride. 

Palladious  Sulphide,  Pd"S,  is  formed  by  fusing  the  metal  with  sulphur, 
or  by  precipitating  a  solution  of  a  palladious  salt  with  hydrogen  sulphide. 
It  is  insoluble  in  ammonium  sulphide. 

Axmokiacal  Palladium  Compounds.  —  A  moderately  concentrated  solu- 
tion of  palladium  dichloride  treated  with  a  slight  excess  of  ammonia,  yields  a 
beautiful  flesh-colored  or  rose-colored  precipitate,  consisting  of  NaH6Pd"Clr 
This  precipitate  dissolves  in  a  larger  excess  of  ammonia ;  and  the  amnion  ia- 
eal  solution,  when  treated  with  acids,  yields  a  yellow  precipitate  having  the 
same  composition.  This  yellow  modification  is  likewise  obtained  by  heating 
the  red  compound  in  the  moist  state  to  100°,  or  in  the  dry  state  to  200°  C. 
(392°  F.)  The  yellow  compound  dissolves  abundantly  in  aqueous  potash, 
forming  a  yellow  solution,  but  without  giving  off  ammonia,  even  when  the 
liquid  is  heated  to  the  boiling-point;  the  red  compound  behaves  in  a  simi- 
lar manner,  but,  before  dissolving,  is  converted  into  the  yellow  modification. 
For  this  reason,  Hugo  Muller  regards  the  red  compound  us  palladium  ammo- 
mo-chloride,  2NHrPd"Clf,  and  the  yellow  as  palladammonium  chloride, 
Njlf-Pd^Cl,.  The  yellow  compound,  digested  with  water  and  silver  oxide, 
yielde  palladammonium  oxide,  NaHflPd//0,  which  is  a  strong  base,  soluble  in 
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water,  having  an  alkaline  taste  and  reaction,  and  absorbing  carbonic  acid 
from  the  air.  PaUadammonium  sulphite,  NlH9Pd".80t,  is  formed  by  the 
action  of  sulphurous  acid  on  the  oxide  or  chloride ;  it  crystallises  in  orange- 
yellow  octohedrons.  The  sulphite,  chloride,  iodide,  and  bromide,  have  likewise 
been  formed. 

The  compound,  4NHrPd"Cly  or  ammopaUadammonium  chloride,  [N,H4Pd" 
(NH4},]"Clr  separates  from  an  ammouiacal  solution  of  palladammonium 
chloride  in  oblique  rhombic  prisms. 

The  oxide,  N4H,,Pd"0,  obtained  by  decomposing  the  solution  of  this  chlor- 
ide with  silver  oxide,  is  also  a  strong  base  yielding  crystallixable  salts.* 

Palladious  salts  are  well  marked  by  the  pale  yellowish-white  precipitate 
with  solution  of  mercuric  cyanide.  It  consists  of  palladious  cyanide, 
Pd"Cyr  and  is  converted  by  heat  into  the  spongy  metal. 

Hydriodic  acid  and  potassium  iodide  throw  down  a  black  precipitate  of 
palladium  iodide,  visible  even  to  the  600,000th  degree  of  dilution. 


Palladium  is  readily  alloyed  with  other  metals,  as  copper;  one  of  these 
compounds — namely,  the  alloy  with  silver — has  been  applied  to  useful 
purposes.  An  amalgam  of  palladium  is  now  extensively  used  by  dentists 
for  stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  Brazil. 


EHODITTM. 

Atomic  weight,  104.     Symbol,  Rh. 

The  solution  from  which  platinum  and  palladium  have  been  separated,  in 
the  manner  already  described,  is  mixed  with  hydrochloric  acid,  and  evap- 
orated to  dryness.  The  residue  is  treated  with  alcohol  of  specific  gravity 
0*837,  which  dissolves  everything  except  the  double  chloride  of  rhodium 
and  sodium.  This  is  well  washed  with  spirit,  dried,  heated  to  whiteness, 
and  then  boiled  with  water,  whereby  sodium  chloride  is  dissolved  out,  and 
metallic  rhodium  remains.  Thus  obtained,  rhodium  is  a  white,  coherent, 
spongy  mass,  more  infusible  and  less  capable  of  being  welded  than  plati- 
num.    Its  specific  gravity  varies  from  10*6  to  11. 

Rhodium  is  very  brittle :  reduced  to  powder  and  heated  in  the  air,  it  be- 
comes oxidized,  and  the  same  alteration  happens  to  a  greater  extent  when 
it  is  fused  with  nitrate  or  bisulphate  of  potassium.  None  of  the  acids, 
singly  or  conjoined,  dissolve  this  metal,  unless  it  be  in  the  state  of  alloy, 
as  with  platinum,  in  which  state  it  is  attacked  by  nitro-muriatic  acid. 

Rhodium  forms  but  one  chloride,  containing  RhClt:  hence  it  might  be 
supposed  to  be  a  triad ;  but,  from  its  analogy  to  the  other  platinum  metals, 
it  is  generally  regarded  ub  a  tetrad,  the  chloride  just  mentioned  being 

RhCl, 
represented  by  the  formula  Rh.Cl6,  or  I 

RhCl, 

This  chloride  is  prepared  by  adding  silicofluorio  acid  to  the  double 
chloride  of  rhodium  and  potassium,  evaporating  the  filtered  solution  to 
dryness,  and  dissolving  the  residue  in  water.  It  forms  a  brownish-red  deli- 
quescent mass,  soluble  in  water,  with  a  fine  red  color.  It  is  decomposed 
by  heat  into  chlorine  and  metallic  rhodium. 

Rhodium  and  Potassium  ohlorides.  —  The  salt,  Rh2Cl6.6KC1.60H,,  formed  by 

*  Hugo  MQller,  Ann.  Cb.  Pharm.  lxxxvl.  341. 
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mixing  a  solution  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solu- 
tion of  potassium  chloride,  crystallizes  in  sparingly  soluble  efflorescent 
prisms.  Another  double  salt  containing  RhxCl6.4KC1.20Ht,  is  prepared  by 
heating  in  a  stream  of  chlorine  a  mixture  of  equal  parts  of  finely  powdered 
metallic  rhodium  and  potassium  chloride.  The  salt  has  a  fine  red  color,  is 
soluble  in  water,  and  crystallizes  in  four-sided  prisms  Rhodium  and  sodium 
chloride,  Rh.Clf.6NaCl.240H,,  is  also  a  very  beautiful  red  salt,  prepared 
like  the  last.  The  ammonium  salt,  Rh,C1€.  6NH4C1.  30Hr  obtained  by  de- 
composing the  sodium  salt  with  sal-ammoniac*  crystallizes  in  fine  rhombo- 
hedral  prisma. 

Rhodium  Oxides. — Rhodium  forms  four  oxides,  containing  RhO,  Rh,Os, 
RhOr  and  RhO,. 

The  monoxide,  RhO,  is  formed,  with  incandescence,  when  the  hydrated 
sesquioxide,  RhsOr30Hr  is  heated  in  a  platinum  crucible.  It  is  a  dark- 
gray  substance,  perfectly  indifferent  to  acids. 

The  sesquiozide  or  rhodic  oxide,  Rh.O,,  obtained  by  heating  the  nitrate,  is 
a  gray  porous  mass,  with  metallic  iridescence ;  insoluble  in  acids,  easily 
reduced  by  hydrogen.  It  forms  two  hydrates :  RhsOr30Hr  or  RhH80-, 
obtained  by  precipitating  a  solution  of  rhodium  nnd  sodium  chloride  with 
potash  in  presence  of  alcohol,  and  Rhs0s.50H.  or  RhH,Ot.OHr  formed  by 
precipitating  the  same  salt  with  aqueous  potash. 

The  dioxide,  RhOr  obtained  by  fusing  pulverized  rhodium  or  the  sesqui- 
oxide with  nitre  and  potash,  and  digesting  the  fused  mass  with  nitric  acid, 
to  dissolve  off  the  potash,  is  a  dark-brown  substance,  insoluble  in  acids. 
When  chlorine  is  passed  into  a  solution  of  rhodic  pentahydrate,  Rh2Or60H„ 
a  black-brown  gelatinous  precipitate  of  the  trihydrate,  Rb,0,.30Hr  is 
formed  at  first;  but  this  compound  gradually  loses  its  gelatinous  consistence, 
becomes  lighter  in  color,  and  is  finally  converted  into  a  green  hydrate  of 
the  dioxide,  RhOa.20Hr  The  alkaline  solution  at  the  same  time  acquires 
a  deep  violet-blue  color. 

Triozide,  RhO,.  —  The  blue  alkaline  solution  above  mentioned,  deposits, 
after  a  while,  a  blue  powder,  becoming  green  when  dry,  and  yielding,  when 
treated  with  nitric  acid,  a  blue  flocculent  substance,  consisting  of  the  tri- 
oxide,  easily  reduced  to  the  dioxide. 

Rhodic  Sulphate,  (S04)tRhr120H,,  formed  by  oxidizing  the  sulphide 
with  nitric  acid,  is  a  yellowish-white  crystalline  mass.  Fotassio-rkodic  sul- 
phate, (S04),RhK,,  is  a  reddish-yellow  crystalline  powder  formed  by  adding 
sulphuric  acid  to  a  solution  of  rhodium  and  potassium  chloride. 

AxMOiriACAL  Rhodium  Compounds.  —  An  ammonio-chloride,  10NHrRh,Cl6, 
or  [NiHMRh///,(NH4)4]'*Cli,  is  obtained  as  a  yellow  crystalline  powder  on 
mixing  a  dilute  solution  of  rhodium  and  ammonium  chloride  with  excess  of 
ammonia,  and  leaving  the  filtered  solution  to  evaporate.  The  corresponding 
oxide,  10NHrRhtO9,  obtained  by  heating  the  chloride  with  silver  oxide,  is 
a  strong  base,  from  which  the  sulphate  and  oxalate  may  be  obtained  in 
crystalline  form. 


Rhodic  salts  are,  for  the  most  part,  rose-colored,  and  exhibit,  in  solution, 
the  following  reactions:  with  hydrogen  sulphide,  and  ammonium  sulphide,  a 
brown  precipitate  of  rhodic  sulphide,  insoluble  in  excess  of  ammonium 
sulphide;  with  soluble  sulphites,  a  pale-yellow  precipitate,  affording  a  char- 
acteristic reaction ;  with  potash,  a  yellow  precipitate  of  rhodic  oxide,  solu- 
ble in  excess;  with  ammonia  and  with  alkaline  carbonates,  a  yellow  precipitate 
sfter  a  while.  No  precipitate  with  alkaline  chlorides  or  mercuric  cyanide. 
Zinc  precipitates  metallic  rhodium. 
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An  alloy  of  steel  with  a  small  quantity  of  rhodium  is  said  to  possess  ex- 
tremely valuable  properties. 


nUDITOL 
Atomic  weight,  198.    Symbol,  L% 

When  erode  platinum  is  dissolved  in  nitromuriatie  acid,  a  small  quantity 
of  a  gray  scaly  metallic  substance  usually  remains  behind,  haying  altogether 
resisted  the  action  of  the  acid :  this  is  a  native  alloy  of  iridium  and  osmium, 
called  otmiridium  or  iridomune;  it  is  reduced  to  powder,  mixed  with  an  equal 
weight  of  dry  sodium  chloride,  and  heated  to  redness  in  a  glass  tube, 
through  which  a  stream  of  moist  chlorine  gas  is  transmitted.  The  farther 
extremity  of  the  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed,  iridium 
chloride  and  osmium  chloride  being  produced :  the  former  remains  in  com- 
bination with  the  sodium  chloride;  the  latter,  being  a  volatile  substance,  is 
carried  forward  into  the  receiver,  where  it  is  decomposed  by  the  water  into 
osmic  and  hydrochloric  acids,  which  combine  with  the  alkali.  The  contents 
of  the  tube  when  cold  are  treated  with  water,  by  which  the  iridium  and 
sodium  chloride  is  dissolved  out :  this  is  mixed  with  an  excess  of  sodium 
carbonate  and  evaporated  to  dryness.  The  residue  is  ignited  in  a  crucible, 
boiled  with  water,  and  dried ;  it  then  consists  of  a  mixture  of  ferric  oxide 
and  a  combination  of  iridium  oxide  with  soda :  it  is  reduced  by  hydrogen 
at  a  high  temperature,  and  treated  successively  with  water  and  strong  hy- 
drochloric acid,  by  which  the  alkali  and  the  iron  are  removed,  while  me- 
tallic iridium  is  left  in  a  finely  divided  state.  By  strong  pressure  and  ex- 
posure to  a  white  heat,  a  certain  degree  of  compactness  may  be  communi- 
cated to  the  metal.  * 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty  before  the 
oxy-hydrogen  blowpipe.  Deville  and  Debray,  by  means  of  their  powerful 
oxy-hydrogen  blast  furnace,  have  fused  it  completely  into  a  pure  white 
mass,  resembling  polished  steel,  brittle  in  the  cold,  somewhat  malleable  at 
a  red  heat,  and  having  a  density  equal  to  that  of  platinum,  viz.  21*16, 
(21*8  Hare.)  By  moistening  the  pulverulent  metal  with  a  small  quantity 
of  water,  pressing  it  tightly,  first  between  filtering  paper,  then  very  forci- 
bly in  a  press,  and  calcining  it  at  a  white  heat  in  a  forge-fire,  it  may  be 
obtained  in  the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a 
good  polish,  but  still  very  porous,  and  of  a  density  not  exceeding  16-0. 
After  strong  ignition  it  is  insoluble  in  all  acids,  but  when  reduced  by  hy- 
drogen at  low  temperatures,  it  oxidises  slowly  at  a  red  heat,  and  dissolves 
in  nitro-muriatic  acid.  It  is  usually  rendered  soluble  by  fusing  it  with 
nitre  and  caustic  potash,  or  by  mixing  it  with  common  salt,  or  better,  with 
a  mixture  of  the  chlorides  of  potassium  and  sodium,  and  igniting  it  in  a 
current  of  chlorine,  as  above  described. 

Iridium  forms  three  series  of  compounds,  namely,  the  hypdridUnu  com- 
pounds, in  which  it  is  bivalent,  as  Ir//Cl1,  IrO ;  the  iridious  compounds,  in 

IrCl, 
which  it  is  quadrivalent,  but  apparently  trivalent,  e.  y.,  Ir3Clj  =  J        , 

IrCl, 
and  the  iridic  compounds,  in  which  it  is  also  quadrivalent,  as  in  IrCl4,  IrO„ 

•  Oemiridinm,  however,  generally  contains  platinum,  ruthenium,  and  other  metals  of  the 
same  group,  which  are  not  effectually  separated  by  the  method  above  describe:!.  The  complete 
separation  of  the  several  metals  of  the  platinum  group  has  of  late  years  formed  the  subject  of 
peroral  elaborate  investigations,  into  which  the  limits  of  this  work  will  not  permit  us  to  enter. 
(See  Watts's  Dictionary  of  Chemistry,  111.  85 ;  i v.  341, 080;  r.  101, 184.) 
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Ac   It  appears  to  be  incapable  of  uniting  with  more  than  four  atoms  of  a 

monad  element,  and  is  therefore  regarded  as  a  tetrad.*    It  forms  also  a 

trioxide,  IrO„  in  which  it  is  apparently  sexvalent,  but  the  oxide  may  be 

O 


Ir    ,  i 


represented  by  the  formula    Ir    ,  in  which  the  metal  appears  also  to  be 


A 


quadrivalent. 

Chlorides. — Iridium  appears  to  form  three  chlorides,  but  only  two  of 
them — namely,  the  trichloride  and  tetrachloride  —  have  been  obtained  in 
definite  form. 

The  dichloride,  Ir"Clr  is  not  known  in  the  separate  state,  but  appears  to 
exist  in  certain  double  salts,  called  hypochloriridiles. 

The  trichloride  or  Iridious  chloride,  Ir2CIg,  is  prepared  by  strongly  heating 
iridium  with  nitre,  adding  water  and  enough  nitric  acid  to  saturate  the 
alkali,  warming  the  mixture,  and  then  dissolving  the  precipitated  hydrate 
of  the  sesquioxide  in  hydrochloric  acid ;  it  forms  a  dark  yellowish-brown 
solution.  This  substance  combines  with  other  metallic  chlorides,  forming 
compounds  called  iridoso-chloride*  or  chloriridites,  which  may  be  prepared  by 
reducing  the  corresponding  chloriridiates  with  sulphurous  acid,  hydrogen 
sulphide,  or  potassium  ferrocyanide.  Claus  has  obtained  the  compounds 
hf^SSTELfil  60H„  Ir,Clr6KC1.60H^  and  1tJJ\9.GSbC\.240H9.  They  are 
olive-green  pulverulent  salts,  soluble  in  water. 

The  tetrachloride,  or  Iridic  chloride,  IrClj,  is  obtained  in  solution  by  dis- 
solving very  finely  divided  iridium,  or  one  of  its  oxides,  or  the  trichloride, 
in  nitromuriatic  acid,  and  heating  the  liquid  to  the  boiling  point.  On 
evaporating  the  solution,  it  remains  in  the  form  of  a  black,  deliquescent, 
amorphous  mass,  translucent  with  dark-red  color  at  the  edges;  soluble, 
with  reddish-yellow  color,  in  water.  It  unites  with  alkaline  chlorides, 
forming  compounds  called  iridiochlorides  or  chloriridiates,  analogous  in  com- 
position to  the  chloroplatinates.  The  ammonium  salt,  IrCl4.2NH4Cl.OH2,  and 
tht  potassium  salt,  IrCl4.2KCl,  are  formed,  as  dark- brown  crystalline  precip- 
itates, on  mixing  the  solutions  of  the  component  chlorides.  The  potassium 
salt  may  also  be  prepared  by  passing  chlorine  over  a  gently  ignited  and 
finely  divided  mixture  of  iridium  with  potassium  chloride.  It  is  soluble  in 
boiling  water,  and  crystallizes  in  black  octohedrons,  yielding  a  red  powder. 
The  sodium  salt,  IrCl4.2NaCl.6OH,,  prepared  like  the  potassium  salt,  forms 
easily  soluble  black  tables  and  prisms,  isomorphous  with  the  corresponding 
platinum  salt. 

Iodides.  —  Iridium  forms  three  iodides,  Irl,,  Ir,Ij,  and  Irl4,  analogous 
to  the  chlorides,  and  yielding  similar  .double  Baits  with  the  iodides  of  the 
alkali-metals.f 

Oxides. — Iridium  forms  four  oxides,  IrO,  Ir2Oj,  IrO«  and  IrO,.  The 
*ononde,  or  hypoiridious  oxide,  IrO,  is  but  little  known.  It  is  obtained  by 
precipitating  an  alkaline  hypochloriridite  with  caustic  alkali  in  an  atmo- 
sphere of  carbon  dioxide  (p.  166) ;  but  on  exposure  to  the  air  it  is  quickly 
converted  into  a  higher  oxide. 

The  sesquioxide,  or  Iridious  oxide,  Ir,Or  was  formerly  regarded  as  the 
most  easily  formed  and  most  stable  of  the  oxides  of  iridium ;  but,  according 

*  A  bexchlorlde,  IrCl*  wm  said  by  Benellus  to  be  obtained  in  combination  with  potassium 
eworide  by  fusing  iridosmin*  with  nitre;  but  according  to  Clans,  the  salt  thus  formed  was 
'•ally  a  ruthenium  compound,  having  been  prepared  by  Berselius  from  iridosmine  containing 


t  Ofikr,  Usher  die  Jbdverbindungen  des  Iridiums.    Qottiagen,  1857. 
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to  Clans,  it  has  a  great  tendency  to  take  up  oxygen  and  pass  to  the  state 
of  dioxide.  It  may  be  prepared  by  gently  igniting  a  mixture  of  potassium 
chloriridite  (IrsC)6.6KCl)  with  sodium  carbonate  in  an  atmosphere  of  car- 
bon dioxide;  on  treating  the  product  with  water,  the  sesquioxide  remains 
in  the  form  of  a  black  powder  insoluble  in  acids.  It  forms  two  hydrates, 
Ir,Or80Hr  and  IrtOB.&OHr  It  unites  with  bases,  forming  salts  which  may 
be  called  triditcs.  A  solution  of  a  chloriridite  in  excess  of  lime-water  de- 
posits, after  standing  for  some  time  out  of  contaot  of  air,  a  dirty  yellow 
precipitate  containing  Ir,0..8CaO. 

The  dioxide,  or  Iridic  oxide,  IrOr  is,  according  to  Claus,  the  most  easily 
prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is  always  de- 
posited in  the  form  of  a  bulky,  indigo-colored  hydrate,  IrOr20Hr  when  a 
solution  of  either  of  the  chlorides  of  iridium  or  their  double  salts  is  boiled 
with  an  alkali ;  but  it  always  retains  8  or  4  per  cent,  of  the  alkali.  The 
hydrate  may  also  be  obtained  by  dissolving  the  hydrated  sesquioxide  in 
potash  and  treating  the  solution  with  an  acid.  It  dissolves  in  acids,  form- 
ing solutions  which  are  dark-brown  when  concentrated,  reddish-yellow 
when  dilute. 

The  trioxide,  or  Periridk  oxide,  IrOt,  is  not  known  in  the  free  state,  but  is 
formed  in  combination  with  potash,  when  iridium  is  fused  for  some  time 
with  nitre.  The  resulting  blackish-green  mass  dissolves  in  water,  forming 
a  deep  indigo-colored  solution  of  basic  potassium  periridiate,  leaving  a 
black  crystalline  powder  consisting  of  acid  periridiate.* 

Iridium,  like  the  other  platinum  metals,  shows  but  little  tendency  to 
form  oxygen-salts.  The  oxides  dissolve  in  acids,  but  no  definite  salts  are 
obtained  in  this  way.  The  solution  of  iridic  oxide  in  sulphuric  acid  has  a 
dark-brown  color,  which  is  not  modified  by  potash  in  the  same  manner  as 
that  of  the  dichloride,  neither  does  it  yield  any  blue  precipitate  on  boiling. 

The  only  definite  oxygen-salts  of  iridium  that  have  been  obtained  are 
double  salts  containing  sulphurous  and  dithionic  acids. 

Hypo-iridoto-potcutic  sulphite,  SOJr//.8SO,K?,  is  obtained  as  a  white  crys- 
talline powder,  when  the  mother-liquor  obtained  in  preparing  potassium 
chloriridite  by  passing  sulphurous  oxide  through  a  solution  of  the  chlor- 
iridiate,  is  evaporated  to  a  small  bulk. 

Sulphidbb.  —  Three  sulphides  of  iridium  are  known,  analogous  to  the 
first  three  oxides  above  described.  The  eesqvindpkide  and  disulphide  are 
obtained  as  brown-black  precipitates  by  treating  the  solutions  of  the  tri- 
chloride and  tetrachloride  respectively  with  hydrogen  sulphide.  The  mono- 
sulphide  is  a  grayish-black  substance  obtained  by  decomposing  either  of 
the  higher  sulphides  in  a  close  vessel. 

Am moniacal  Compounds  of  Iridium.  —  The  ammonio-chloridei,  NjHJr" 
CI.  and  N4HnlrClr  or  [N,H4Ir"(NH4)  JClr  together  with  the  corresponding 
sulphates,  are  prepared  like  the  platinous  compounds  of  analogous  compo- 
sition, which  they  also  resemble  in  their  properties.  The  nitratochloride, 
[N,H4Ir//(NH4)1](NO,)Clf  analogous  to  Gros'  platinum  nitrate,  is  formed  by 
heating  the  chloride,  N.HjIrCL,  with  strong  nitric  acid.  Tetrammonio-iridic 
chloride,  (N4HltIr»f  JCl,,  is  obtained  as  a  violet  precipitate  by  treating  the 
nitrate  just  mentioned  with  hydrochloric  acid.f 

The  compound,  10NH,  Ir2Cl§,  or  [tf,H.Ir'"(NH4)  J"',CV  to  which  there 
is  no  analogue  in  the  platinum  series,  is' obtained  as  a  flesh-colored  crys- 
talline powder  by  prolonged  digestion  of  ammonium  chloriridite  with  warm 
aqueous  ammonia.  The  corresponding  carbonate,  nitrate,  and  sulphate 
have  also  been  prepared.} 

*  Claim,  Ann.  Ch.  Pharm.  lix.  248. 

f  SkoblikolT.  Ann.  Ch.  Pharm.  Ixxxlv.  275. 

|  CUn*,  BeUrSfie  tur  Chemu  dar  JtatinwutaU^    Borpat,  1864. 
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Iridic  solutions  (containing  the  dioxide  or  tetrachloride)  are  of  a  dark 
brown-red  color;  iridious  solutions  (containing  the  sesquioxide  or  tri- 
chloride) have  an  olive-green  color.  The  characters  of  an  iridio  solution 
are  best  observed  with  sodium  chloriridiate,  all  the  other  iridic  compounds 
being  but  slightly  soluble. 

Iridio  solutions  give  with  ammonium  or  potassium  chloride  a  crystalline 
precipitate  of  ammonium  or  potassium  chloriridiate,  which  is  distinguished 
from  the  corresponding  platinum  precipitate  by  its  dark  brown-red  color, 
and  further  by  its  reduction  to  soluble  chioriridite  when  treated  with  solu- 
tion of  hydrogen  sulphide.  This  reaction  serves  for  the  separation  of 
iridium  from  platinum. 


RUTHENIUM. 
Atomic  weight,  104.    Symbol,  Ru. 

This  metal,  discovered  by  Claus,  in  1846,  occurs  in  platinum  ore,  and 
chiefly  in  osmiridium,  of  which  there  are  two  varieties — one  scaly,  consist- 
ing almost  wholly  of  osmium,  iridium,  and  ruthenium,  while  the  other, 
which  is  granular,  contains  but  mere  traces  of  osmium  and  ruthenium,  but 
is  very  rich  in  iridium  and  rhodium.  To  obtain  ruthenium,  scaly  osmiri- 
dium is  heated  to  bright  redness  in  a  porcelain  tube,  through  which  a  cur- 
rent of  air  (freed  from  carbonic  acid  by  passing  through  potash,  and  from 
organic  matter  by  passing  through  oil  of  vitriol)  is  drawn  by  means  of  an 
aspirator.  The  osmium  and  ruthenium  are  thereby  oxidized,  the  former 
being  carried  forward  as  tetroxide  and  condensed  in  caustic  potash  solution, 
while  the  ruthenium  oxide  remains  behind,  together  with  iridium ;  and  by 
fusing  this  residue  with  potassium  hydrate,  treating  the  mass  with  water, 
and  leaving  the  liquid  in  a  corked  bottle  for  about  two  hours  to  clarify,  an 
orange-colored  solution  of  potassium  rutheniate  is  obtained,  which,  when 
neutralized  with  nitric  acid,  deposits  velvet-black  ruthenium  sesquioxide, 
and  this  when  washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal. 

Ruthenium  thus  prepared,  forms  porous  lumps  very  much  like  iridium, 
and  is  moderately  easy  to  pulverize.  It  is  the  most  refractory  of  all  metals 
except  osmium.  Deville  and  Debray  have,  however,  fused  it  by  placing  it 
in  the  hottest  part  of  the  oxy-hydrogen  flame.  After  fusion  it  has  a  density 
of  11-4;  that  of  the  porous  metal  is  8-6. 

Ruthenium  is  scarcely  attacked  by  nitromuriatic  acid.  It  is,  however, 
more  easily  oxidized  than  platinum,  or  even  than  silver.  When  pure  it  is 
easily  oxidized  by  fusion  with  potassium  hydrate,  still  more  easily  on  addi- 
tion of  a  small  quantity  of  nitrate  or  chlorate,  producing  potassium  ruthe- 
niate, which  dissolves  in  water  with  orange-yellow  color. 

Chlorides. — Ruthenium  is  a  tetrad,  like  the  other  platinum  metals,  and 
forms  three  chlorides,  RuCl,,  Ru.Cle,  and  RuCl4. 

The  dichloride,  RuCl^  is  produced,  together  with  the  trichloride,  by 
igniting  pulverized  ruthenium  in  a  stream  of  chlorine,  the  trichloride  then 
volatilizing,  while  the  dichloride  remains  in  the  form  of  a  black  crystalline 
powder,  insoluble  in  water  and  in  all  acids,  even  nitro-muriatic  acid,  and 
only  partially  decomposed  by  alkalies.  A  soluble  dichloride  is  formed  by 
passing  sulphydric  acid  gas  into  a  solution  of  the  trichloride,  a  brown  sul- 
phide being  then  precipitated,  and  the  solution  acquiring  a  fine  blue  color. 

The  trichloride  or  Ruthemou*  chloride,  Ru2CM6,  prepared  by  precipitating 
a  solution  of  potassic  rutheniate  with  an  acid,  dissolving  the  precipitated 
black  oxide  in  hydrochloric  acid,  and  evaporating,  is  a  yellow-brown,  crys- 
talline, very  deliquescent  mass,  becoming  dark-green  and  blue  at  certain 
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points  when  strongly  heated.  It  dissolves  easily  in  water  and  in  alcohol, 
leaving  a  small  quantity  of  a  yellow  insoluble  salt. 

The  concentrated  solution  of  ruthenious  chloride,  mixed  with  concen- 
trated solutions  of  the  chlorides  of  potassium  and  ammonium,  yields  the 
double  salts,  Ru,Cl6.4KCl,  and  Ru,Cla.4NH4Cl,  in  the  form  of  crystalline 
precipitates,  with  violet  iridescence,  very  slightly  Boluble  in  water,  insoluble 
in  alcohol. 

The  tetrachloride  or  Ruthenic  chloride,  RuCl4,  is  known  only  in  its  doable 
salts.  The  potassium-salt,  RuCI4.2KCl,  is  prepared  by  mixing  a  solution  of 
ruthenic  hydrate  in  hydrochloric  acid  with  potassium  chloride,  and  evapo- 
rating to  the  crystallizing  point.  It  is  brown,  with  rose-colored  iridescence, 
very  soluble  in  water,  but  insoluble  in  alcohol.  The  ammonium  salt, 
RuCl4.2NH4Cl,  is  prepared  like  the  potassium  salt,  which  it  resembles  closely. 

Oxides.  —  Ruthenium  forms  five  oxides,  vis.,  RuO,  Ru,Os,  RuOr  RuO„ 
and  Ru04,  the  fourth,  however,  being  known  only  in  combination. 

The  monoxide,  RuO,  obtained  by  calcining  the  dichloride  with  sodium 
carbonate  in  a  current  of  carbon  dioxide,  and  washing  the  residue  with 
water,  has  a  dark-gray  color  and  metallic  lustre ;  is  not  acted  upon  by  acids; 
but  is  reduced  by  hydrogen  at  ordinary  temperatures.  —  The  sesquioxide,  or 
Ruthenious  oxide,  Ru2Os.  is  a  bluish-black  powder,  formed  by  heating  the 
metal  in  the  air.  The  corresponding  hydrate,  Ru,0,.30H,  or  RuH9Os,  is 
obtained  by  precipitating  ruthenious  chloride  with  an  alkaline  carbonate, 
as  a  blackish-brown  substance  which  dissolves  with  yellow  color  in  acids. — 
The  dioxide,  or  Ruthenic  oxide,  Ru03,  is  a  black-blue  powder,  obtained  by 
roasting  the  disulphide.  Ruthetiic  hydrate,  RuOr20Ht,  or  RulTH404,  is  ob- 
tained as  a  gelatinous  precipitate  by  decomposing  potassium  chlororutheniate 
with  sodium  carbonate.  —  The  trioxide,  RuOs,  commonly  called  ruthenic  add, 
is  known  only  as  a  potassium-salt,  which  is  obtained  by  igniting  ruthenium 
with  caustic  potash  and  nitre:  it  forms  an  orange-yellow  solution.  —  The 
tetroxide,  Ru04,  is  a  volatile  compound,  analogous  to  osmio  tetroxide,  ob- 
tained by  heating  ruthenium  with  potash  and  nitre,  in  a  silver  crucible,  dis- 
solving the  fused  mass  in  water,  and  passing  chlorine  through  the  solution 
in  a  tubulated  retort,  connected  by  a  condensing-tube  with  a  receiver  con- 
taining potash.  The  tetroxide  then  passes  over  and  condenses  in  the  neck 
of  the  retort,  and  in  the  tube,  as  a  golden-yellow  crystalline  crust,  which 
melts  between  50°  and  60°.  It  is  heavier  than  oil  of  vitriol,  dissolves 
slightly  in  water,  readily  in  hydrochloric  acid,  forming  a  solution  easily 
decomposed  by  alcohol,  sulphurous  acid,  and  other  reducing  agents. 

Sulphides.  —  Hydrogen  sulphide,  passed  into  a  solution  of  either  of  the 
chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting  of  ruthenium 
sulphide  and  oxy sulphide  mixed  with  free  sulphur.  The  blue  solution  of 
the  dichloride  yields  a  dark-brown  sesquiBulphide,  RUjSs.  When  hydrogen 
sulphide  is  passed  for  a  long  time  into  a  solution  of  the  trichloride,  ruthe- 
nium disulphide,  RuSr  is  formed,  as  a  brown-yellow  precipitate,  becoming 
dark-brown  by  calcination. 

Ammoniac al  Ruthenium  Compounds.  —  Tetrammonio-hyporuthemous  chlor- 
ide, 4NHf.RuClr30H8,  or  [N,H4Ru"(NH4)2]Cl2  30H-,  is  formed  by  boiling 
the  solution  of  ammonium  chlororutheniate  (RuCl4.2NH4Cl),  with  ammonia. 
It  forms  golden-yellow  oblique  rhombic  crystals,  very  soluble  in  water,  in- 
soluble in  alcohol  Treated  with  silver  oxide,  it  yields  the  corresponding 
oxide,  4NH8  RuO,  which,  however,  is  decomposed  by  evaporation  of  its 
solution,  giving  off  half  its  ammonia,  and  leaving  the  compound  2NHrRuO, 
or  (N.HjRu^JO.  The  carbonate,  nitrate,  and  sulphate,  obtained  by  treat- 
ing this  last-mentioned  oxide  with  the  corresponding  silver  salts,  form 
yellow  crystals. 
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The  compounds  of  ruthenium  may  readily  be  distinguished  from  those 
of  the  other  platinum-metals,  by  fusing  a  few  milligrammes  of  the  sub- 
stance in  a  platinum-spoon,  with  a  large  excess  of  nitre,  leaving  it  to  cool 
when  it  ceases  to  froth,  and  dissolving  the  cooled  mass  in  a  little  distilled 
water.  An  orange-yellow  solution  of  potassium  rutheniate  is  thus  formed, 
which  on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky,  black 
precipitate ;  and  on  adding  hydrochloric  acid  to  the  liquid,  with  the  pre- 
cipitate still  in  it,  and  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves, 
forming  a  solution  which  has  a  fine  orange-yellow  when  concentrated,  and 
when  treated  with  hydrogen-sulphide,  till  it  becomes  nearly  blaok,  yields  a 
filtrate  of  a  splendid  sky-blue  color.  Characteristic  reactions  are  also  ob- 
tained with  potassium  sulphoq/anate,  which  colors  the  liquid  deep  red,  chang- 
ing to  violet  on  heating,  and  with  lead  acetate,  which  forms  a  purple-red 
precipitate. 


OSMIUM. 

Atomic  weight,  199.     Symbol,  Os. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  the  other 
metals  with  which  it  is  associated  in  native  osmiridium,  and  in  platinum 
residues,  depends  chiefly  on  its  ready  oxidation  with  nitric  or  nitromuratic 
acid,  or  by  ignition  in  air  or  oxygen,  and  the  volatility  of  the  oxide  thus 
produced. 

To  prepare  metallic  osmium,  the  solution  obtained  by  condensing  the 
vapor  of  osmium  tetroxide  in  potash  (p.  385)  is  mixed  with  excess  of  hy- 
drochloric acid,  and  digested  with  mercury  in  a  well-closed  bottle  at  40° 
C.  (104°  F.)  The  osmium  is  then  reduced  by  the  mereury,  and  an  amalgam 
is  formed,  which,  when  distilled  in  a  stream  of  hydrogen  till  all  the  mer- 
cury and  calomel  are  expelled,  leaves  metallic  osmium  in  the  form  of  a 
black  powder  (Benelius).  The  metal  may  also  be  obtained  by  igniting 
ammonium  chloro-osmite  with  sal-ammoniac. 

The  properties  of  osmium  vary  according  to  its  mode  of  preparation.  In 
the  pulverulent  state  it  is  black,  destitute  of  metallic  lustre,  which,  how- 
ever, it  acquires  by  burnishing ;  in  the  compact  state,  as  obtained  by  Ber- 
telius's  method  above  described,  it  exhibits  metallic  lustre,  and  has  a  den- 
sity of  10.  Deville  and  Debray,  by  igniting  precipitated  osmium  sulphide 
in  a  crucible  of  gas-coke,  at  the  melting  heat  of  nickel,  obtained  it  in 
bluish-black,  easily  divisible  lumps.  When  heated  to  the  melting  point  of 
rhodium,  it  becomes  more  compact,  and  acquires  a  density  of  21*3  to  21*4. 
At  a  still  higher  temperature,  capable  of  melting  ruthenium  and  iridium, 
and  volatilizing  platinum,  osmium  likewise  volatilizes,  but  still  does  not 
melt;  in  fact,  it  is^the  most  refractory  of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible,  continuing  to 
burn  when  set  on  fire,  till  it  is  all  volatilized  as  tetroxide.  In  this  state 
also  it  is  easily  oxidized  by  nitric  or  nitromuriatic  acid,  being  converted 
into  tetroxide.  But  after  exposure  to  a  red  heat,  it  becomes  less  combus- 
tible, and  is  not  oxidized  by  nitric  or  nitromuriatic  acid.  Osmium  which 
has  been  heated  to  the  melting-point  of  rhodium,  does  not  give  off  any 
vtpor  of  tetroxide  when  heated  in  the  air  to  the  melting-point  of  zinc,  but 
takes  fire  at  higher  temperatures. 

Osmium  Chlobidbs. — Osmium  forms  three  chlorides,  analogous  to  those 
of  iridium  and  ruthenium.  When  it  is  heated  in  dry  chlorine  gi  s,  there 
is  formed,  first  a  blue-black  sublimate  of  the  dichloride,  then  a  red  subli- 
mate of  the  tetrachloride.     The  dichloride,  or  hypo-osmious  chloride,  dissolves 
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in  water  with  dark  violet-blue  color.  It  is  likewise  formed  by  the  action 
of  reducing  agents  on  either  of  the  higher  chlorides,  into  which,  on  the 
other  hand,  it  is  easily  converted  by  oxidation.  The  addition  of  potassium 
chloride  renders  it  more  stable,  by  forming  a  double  salt.  The  trichloride, 
Os2Cle,  has  not  been  isolated,  but  is  contained  in  the  solution  obtained  by 
treating  the  sesquioxide  with  hydrochloric  acid.  It  forms  double  salts 
with  alkaline  chlorides.  The  potassium-salt,  Os,Cl4.6KC1.60Hr  is  produced 
together  with  potassium  chlorosmate,  when  a  mixture  of  pulverized  osmium 
and  potassium  chloride  is  ignited  in  chlorine  gas;  it  forms  dark  red-brown 
crystals. 

The  tetrachloride,  or  Osmic  chloride,  OsCl4,  is  the  red  compound  whieh  con- 
stitutes the  principal  part  of  the  product  obtained  by  igniting  osmium  in 
chlorine  gas.  It  dissolves  with  yellow  color  in  water  and  alcohol,  and  is 
decomposed  quickly  in  dilute  solution,  more  slowly  in  presence  of  hydro- 
chloric acid  or  metallic  chlorides,  yielding  a  black  precipitate  of  osmic 
oxide,  and  a  solution  of  osmium  tetroxide  in  hydrochloric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
salts  sometimes  called  osmioehlorides,  or  ehlorosmates.  From  the  solutions  of 
these  salts,  hydrogen  sulphide,  and  ammonium  sulphide,  slowly  precipitate  a 
yellow-brown  sulphide  insoluble  in  alkaline  sulphides ;  silver  nitrate  forms 
an  olive-green,  stannous  chloride  a  brown  precipitate.  Tannic  acid,  on  heat- 
ing, produces  a  blue  color,  but  no  precipitate;  potassium  ferrocyanide,  first  a 
green,  then  a  blue  color ;  potassium  iodide,  a  deep  purple-red  color.  Potash 
gives  a  black,  ammonia  a  brown  precipitate,  Blowly  in  the  cold,  immediately 
on  boiling.     Metallic  zinc  and  sodium  formate  throw  down  metallic  osmium. 

Sodium  osmiochloride,  OsCl4.2NaCl,  prepared  by  heating  a  mixture  of 
osmium  sulphide  and  sodium  chloride  in  a  current  of  chlorine,  crystallites 
in  orange-colored  rhombic  prisms,  an  inch  long,  easily  Boluble  in  water, 
and  in  alcohol.  The  potassium  and  ammonium  salts,  of  analogous  composi- 
tion, are  obtained  as  red-brown  crystalline  precipitates  on  adding  sal-am- 
moniac or  potassium  chloride  to  the  solution  of  the  sodium  salt. 

Oxides. — Osmium  forms  five  oxides  analogous  to  those  of  ruthenium. 
The  monoxide  or  hypo-osmious  oxide,  OsO,  is  obtained  by  igniting  hypo-osmi- 
ous  sulphite  in  a  stream  of  carbonic  acid  gas;  also  as  blue-black  hydrate, 
by  heating  the  same  salt  with  strong  potash  solution  in  a  closed  vessel. 
Hypo-osmious  sulphite,  80,0s"  or  SOrOsO,  is  a  black-blue  salt,  produced 
by  mixing  the  aqueous  solution  of  osmium  tetroxide  with  sulphurous  acid. — 
The  sesquioxide  or  osmious  oxide,  Os.Ot,  is  obtained  by  heating  either  of  the 
double  salts  of  the  trichloride  with  sodium  carbonate  in  a  stream  of  car- 
bonic acid  gas.  It  is  a  black  powder  insoluble  in  acids!  The  hydrate,  ob- 
tained by  precipitation,  has  a  dirty  brown-red  color,  is  soluble  in  acids,  but 
does  not  yield  pure  salts. 

The  dioxide,  or  Osmic  oxide,  OsOr  is  obtained  as  a  black  insoluble  powder, 
by  heating  potassium  osmiochloride  with  sodium  carbonate  in  a  stream  of 
carbonic  acid  gas,  or  in  copper-red  metallic-shining  lumps,  by  heating  the 
corresponding  hydrate.  Osmic  hydrate,  OsOr20Hj,  is  obtained  by  precipi- 
tating a  solution  of  potassium  osmio-chloride  with  potash,  at  the  boiling 
heat,  or  in  greater  purity  by  mixing  a  solution  of  potassic  osmite,  OsOrK,0, 
with  dilute  nitric  acid. 

The  trioxide,  OsO.,  is  not  known  in  the  free  state,  but  combines  with 
alkalies,  forming  salts  called  osmites,  which  are  produced  by  the  action  of 
reducing  agents  on  the  tetroxide  in  presence  of  alkalies.  The  potassium  salt, 
OsOj.KfO.'iOH^  is  a  rose-colored  crystalline  powder. 

The  tetroxide,  Os04,  commonly  called  osmic  acid,  is  the  volatile,  strong- 
smelling  compound,  formed  when  osmium  or  either  of  its  lower  oxides  is 
heated  in  the  air,  or  treated  with  nitric  or  nitromuriatic  acid.     It  may  be 
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prepared  by  heating  osmium  in  a  current  of  oxygen  gas,  and  condenses  in 
the  cool  part  of  the  apparatus  in  colorless,  transparent  crystals.  It  melts 
below  100°,  and  boils  at  a  temperature  a  little  above  its  melting  point.  Its 
Tapor  has  an  intolerably  pungent  odor ;  attacks  the  eyes  strongly  and  pain- 
fully, and  is  excessively  poisonous.  Osmium  tetroxide  is  dissolved  slowly, 
but  in  considerable  quantity,  by  water,  forming  an  acid  solution.  It  is  a 
powerful  oxidizing  agent,  decolorizing  indigo  solution,  separating  iodine 
from  potassium  iodide,  converting  alcohol  into  aldehyde  and  acetic  acid,  &c. 
It  dissolves  in  alkalies,  forming  yellow-red  solutions,  which  are  inodorous 
when  cold,  but  when  heated,  give  off  the  tetroxide  and  free  oxygen,  leaving 
s  residue  of  alkaline  osmite. 

Sulphides.  —  Osmium  burns  in  sulphur-vapor.  Five  sulphides  of  osmium 
are  said  to  exist,  analogous  to  the  oxides,  the  first  four  being  produced  by 
decomposing  the  corresponding  chlorides  with  hydrogen  sulphide,  and  the 
tetrasulphide  by  passing  that  gas  into  a  solution  of  the  tetroxide.  The  last 
is  a  sulphur-acid,  perfectly  soluble  in  water,  whereas  the  others  are  sul- 
phur-bases, slightly  soluble  in  water,  and  forming  deep  yellow  solutions. 

Ahmoxiacal  Osmium  Compounds. — A  cold  solution  of  potassium  osmite, 
mixed  with  sal-ammoniac,  yields  a  yellow  crystalline  precipitate,  consisting, 
according  to  Claus,  of  hydrated  osmammonium  chloride,  (N,H«0s")Clr  An 
aqueous  solution  of  the  tetroxide  treated  with  ammonia,  yields  a  brown- 
black  powder,  consisting  of  NjHgOsOj,  or  [N,Hf(OsO)"]O.OHr 

Osmiamic  Acid,  Os,N306H3. — The  potassium-salt,  of  this  bibasic  acid, 
Os^OjK^  is  produced  by  the  action  of  ammonia  on  a  hot  solution  of 
osmium  tetroxide  in  excess  of  potash : 

60s04  +  8NH8  +  60KH  =  80s,N,05Ka  +  160Ha  +  Nr 

It  separates  as  a  yellow  crystalline  powder,  and  its  solution,  treated  with  sil- 
ver nitrate,  yields  a  precipitate  of  silver  osmiamate,  08,N.04Ag2,  from  which 
the  aqueous  acid  may  be  prepared  by  decomposition  with  hydrochloric  acid. 
It  is  a  strong  acid, decomposing,  not  only  the  carbonates,  but  also  the  chlor- 
ides, of  potassium  and  sodium.  The  osmiamates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water ;  the  lead,  mercury,  and  silver 
Balls  are  insoluble. 


All  osmium  compounds,  when  heated  with  excess  of  nitric  acid,  give  off 
the  unpleasant  odor  of  osmium- tetroxide.  By  ignition  in  hydrogen  gas, 
they  are  reduced  to  metallic  osmium,  which,  as  well  as  the  lower  oxides, 
emits  the  same  odor  when  heated  in  contact  with  the  air.  The  reactions  of 
osmium  salts  in  solution  have  already  been  described. 


GROUP  II. 

Tnr. 

Atomic  weight,  118.     Symbol,  Sn.  (Stannum.) 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely  as  sul- 
phide: the  principal  tin  mines  are  those  of  Saxony  and  Bohemia,  Malacca, 
and  more  especially  Cornwall.  In  Cornwall  the  tin-stone  is  found  as  a  con- 
stituent of  metal-bearing  veins,  associated  with  copper  ore,  in  granite  and 
elate-rocks;  and  as  an  alluvial  deposit,  mixed  with  rounded  pebbles,  in  the 
beds  of  several  small  rivers.  The  first  variety  is  called  mine-  and  the 
83* 
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second  stream-tin.  Tin  oxide  is  also  found  disseminated  through  the  rock 
itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed,  to 
separate  as  much  as  possible  of  the  earthy  matter,  and  roasted,  to  expel 
sulphur  and  arsenic:  it  is  then  strongly  heated  with  coal,  and  the  metal 
thus  obtained  is  cast  into  large  blocks.  Two  varieties  of  commercial  tin 
are  known,  called  grain-  and  bar-tin;  the  first  is  the  best;  it  is  prepared  from 
the  stream  ore. 

Pure  tin  has  a  white  color,  approaching  that  of  silver ;  it  is  soft  and 
malleable,  and  when  bent  or  twisted  emits  a  peculiar  crackling  sound;  it 
has  a  density  of  73  and  melts  at  237°  C.  (457°  F.)  Tin  is  but  little  acted 
upon  by  air  and  water,  even  conjointly;  when  heated  above  its  melting 
point,  it  oxidizes  rapidly,  becoming  converted  into  a  whitish  powder,  used 
in  the  arts  for  polishing  under  the  name  of  putty-powder.  The  metal  is 
attacked  and  dissolved  by  hydrochloric  acid,  with  evolution  of  hydrogen; 
nitric  acid  acts  with  great  energy,  converting  it  into  a  white  hydrate  of  the 
dioxide. 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  olasses  of  compounds, 
namely,  the  stannous  compound*,  in  which  it  is  bivalent,  as  Sn"Clr  Sn"lr 
8n"0,  &c,  and  the  stannic  compounds,  in  which  it  is  quadrivalent,  as  SnTlj, 
8niT0.,  &c. ;  also  a  few  compounds  called  stannoso-stannic  compound*,  of  inter- 
mediate composition,  and  probably  formed  by  combination  of  stannous  and 
stannic  compounds,  e.g.,  Sn,Cl^=rSnClrSnCl4;  Sn^O^SnO.SnO,. 

Chlorides. — The  dichloride,  or  Stannous  chloride,  SnClr  is  obtained  in  the 
anhydrous  state  by  distilling  a  mixture  of  calomel  and  powdered  tin,  pre- 
pared by  agitating  the  melted  metal  in  a  wooden  box  until  it  solidifies.  It 
is  a  gray,  resinous-looking  substance,  fusible  below  redness,  and  volatile  at 
a  high  temperature. 

The  hydrated  chloride,  commonly  called  tin-salt,  is  easily  prepared  by  dis- 
solving metallic  tin  in  hot  hydrochloric  acid.  It  crystallizes  in  needles  con- 
taining SnC]r20H~  which  are  freely  Boluble  in  a  8m all  quantity  of  water, 
but  are  apt  to  be  decomposed  in  part  when  put  into  a  large  mass,  unless 
hydrochloric  acid  in  excess  be  present.  Solution  of  stannous  chloride  is 
employed  as  a  deoxidizing  agent ;  it  reduces  the  salts  of  mercury  and  other 
metals  of  the  same  class.  It  is  also  extensively  employed  as  a  mordant  in 
dyeing  and  calico-printing ;  sometimes  also  as  an  antichlore. 

Stannous  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming 
orystallizable  double  salts,  SnCl,.2KCl,  &c,  called  StannoMo-chlorides  or 
Chlorostannitcs. 

The  tetrachloride,  or  Stannic  chloride,  SnCl4,  is  an  old  and  very  curious 
compound,  formerly  called  fuming  liquor  of  Libaviue.  It  is  made  by  ex- 
posing metallic  tin  to  the  action  of  chlorine,  or,  more  oonveniently,  by  dis- 
tilling a  mixture  of  1  part  of  powdered  tin  with  5  parts  of  corrosive  subli- 
mate It  is  a  thin,  colorless,  mobile  liquid,  boiling  at  120°  C.  (248°  F.),  and 
yielding  a  colorless  invisible  vapor.  It  fumes  in  the  air,  and  when  mixed 
with  a  third  part  of  water,  solidifies  to  a  soft  fusible  mass  called  butter  of  tin. 
The  solution  of  stannic  chloride  is  much  employed  by  the  dyer  for  the 
brightening  and  fixing  of  red  colors,  and  is  sometimes  designated  by  the 
old  names,  " composition,  physic,  or  tin  solution;"  it  is  commonly  prepared 
by  dissolving  metallic  tin  in  a  mixture  of  hydrochloric  and  nitric  acids, 
care  being  taken  to  avoid  too  great  elevation  ot  temperature.  The  solution 
when  evaporated  yields  a  deliquescent  crystalline  hydrate,  SnCl^OHj. 

Stannic  chloride  forms,  with  the  chlorides  of  the  alkali-metals  and  alkaline 
earth-metals,  crystalline  double  salts,  called  Stannochlorides  or  Chhrosfannates, 
e.g.,  SnCl4.2NH4Cl;  SnCl4.BaCl,,  &c.  It  also  forms  crystalline  compounds 
with  the  pentachloride  and  oxychloride  of  phosphorus,  viz.,  SnCl4.rCls.  nnl 
SnCl^POClg,  and  a  solid  compound  with  phosphine,  containing  3SnCl4  2P1I,. 
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The  trichloride,  or  Stannoso-stannic  chloride,  known  only  in  solution,  is 
produced  by  dissolving  the  sesquioxide  in  hydrochloric  acid.  The  solu- 
tion acts  like  a  mixture  of  the  dichloride  and  tetrachloride. 

Fluorides. — Stannous  fluoride,  SnF,,  obtained  by  evaporating  the  solution 
of  stannous  oxide  in  hydrofluoric  acid,  crystallizes  in  small  shining  opaque 
prism*.  Stannic  fluoride,  SnF4,  is  not  known  in  the  free  state,  but  unites 
with  other  metallic  fluorides,  forming  crystalline  compounds  called  stanno- 
jtuorides  or  fluosiannates,  isomorphous  with  the  corresponding  silicofluor- 
ides,  titan  otiuor  ides,  and  zircofluorides.  The  potassium  salt  contains 
SnF4.2KCLOHr  the  barium  salt,  SnF4.BaF2,  &o. 

Oxides. — The  monoxide,  or  Stannous  oxide,  SnO,  is  produced  by  heating 
stannous  oxalate  out  of  contact  with  the  air ;  also  by  igniting  stannous  hy- 
drate. This  hydrate,  2SnO.OHr  or  Sn2HsOr  is  obtained  as  a  white  precipi- 
tate by  decomposing  stannous  chloride  with  an  alkaline  carbonate,  carbon 
dioxide  gas  being  at  the  same  time  evolved.  This  hydrate,  carefully  washed, 
dried,  and  heated  in  an  atmosphere  of  carbon  dioxide,  leaves  anhydrous 
stannous  oxide  as  a  dense  black  powder,  which  is  permanent  in  the  air,  but 
when  touched  with  a  red-hot  body,  takes  fire  and  burns  like  tinder,  pro- 
ducing the  dioxide.  The  hydrate  is  freely  soluble  in  caustic  potash ;  the 
solution  decomposes  by  keeping  into  metallic  tin  and  dioxide.  It  dissolves 
also  in  sulphuric  acid,  forming  stannous  sulphate,  804Sn//,  which  crystallizes 
in  needles. 

The  sesquioxide,  Sn.Oj,  is  produced  by  the  action  of  bydrated  ferric  oxide 
upon  stannous  chloride :  it  is  a  grayish,  slimy  substance,  soluble  in  hydro- 
chloric acid,  and  in  ammonia.     This  oxide  has  been  but  little  examined. 

The  dioxide,  or  Stannic  oxide,  SnOr  occurs  native  as  tin-stone  or  cassi- 
terite,  the  common  ore  of  tin,  and  is  easily  formed  by  heating  tin,  stan- 
nous oxide,  or  stannous  hydrate  in  contact  with  the  air.  As  thus  pre- 
pared, it  is  a  white  or  yellowish  amorphous  powder ;  but  by  passing  the 
vapor  of  stannic  chloride  mixed  with  aqueous  vapor  through  a  red-hot 
porcelain  tube,  it  may  be  obtained  in  crystals.  It  is  not  attacked  by  acids, 
wen  in  the  concentrated  state. 

Stannic  oxide  forms  two  hydrates,  differing  from  one  another  in  compo- 
sition and  properties ;  both,  however,  being  acids,  and  capable  of  forming 
salts  by  exchanging  their  hydrogen  for  metals.  These  hydrates  or  acids 
KBitannic  acid,  SnOrOHr  or  SnOtlfr  and  metastannieacid,  Sn6O,0.6OHt,  or  Sns 
OgHy,  the  former  being  capable  of  exchanging  the  whole  of  its  hydrogen  for 
metal,  and  forming  the  stannates,  containing  8nOsMs;  while  the  latter  ex- 
changes only  one  fifth  of  its  hydrogen,  forming  the  metastannates,  SnsOuIIsMr 

Stannic  acid  is  precipitated  by  acids  from  solutions  of  alkaline  stannates, 
also  from  solution  of  stannic  chloride,  by  calcium  or  barium  carbonate  not 
in  excess ;  alkaline  carbonates  throw  down  an  acid  st annate.  When  dried 
in  the  air  at  ordinary  temperatures,  it  has,  according  to  Weber,  the  com- 
position, SnOr20H2;  in  a  vacuum  half  the  water  is  given  off,  leaving 
8n0r0Hr 

Stannic  hydrate  dissolves  in  the  stronger  acids,  forming  the  stannic  salts; 
thos  with  sulphuric  acid  it  forms  stannic  sulphate  (S04)JSn,f,  or  2SOs.SnOr 
Hydrochloric  acid  converts  it  into  the  tetrachloride.  The  stannic  salts  of 
oxygen  acids  are  very  unstable. 

Stannates.  —  Stannic  hydrate  exhibits  acid  much  more  decidedly  than 
fesic  properties.  It  forms  easily  soluble  salts  with  the  alkalies,  and  from 
these  the  insoluble  stannates  of  the  earth-metals  and  heavy  metals  may  be 
obtained  by  precipitation.  Sodium  stannate,  SnOtNar  which  is  much  used 
in  calico-printing  as  a  <s preparing  salt"  or  mordant,  is  produced  on  the 
large  scale  by  fusing  tin-stone  with  hydrate,  nitrate,  ohloride,  or  sulphide 
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of  sodium ;  by  boiling  the  tin  ore  with  caustic  sod*  eolation ;  by  fusing 
metallic  tin  with  a  mixture  of  sodium  nitrate  and  carbonate ;  or  heating  it 
with  soda  solution  mixed  with  sodium  nitrate  and  chloride.* 

Metastannie  add  is  produced  hy  the  action  of  nitric  acid  upon  tin.  When 
dried  in  the  air  at  ordinary  temperatures,  it  contains  68nOr10OHr  or  Sn6 
0I0HU.60H)V  but  at  100°  it  gives  off  5  molecules  of  water,  and  is  reduced 
to  SnsOMH.-.  It  is  a  white  crystalline  powder,  insoluble  in  water  and  in 
acids.  It  dissolves  slowly  in  alkalies  forming  metastannates,  but  is  grad- 
ually deposited  in  its  original  state  as  the  solution  absorbs  carbonic  acid 

from  the  air.     The  potassium  tali,  Snfi^B^  or  (SnO,),{  4q£*  ,  may  be 

precipitated  in  the  solid  state  by  adding  pieces  of  solid  potash  to  a  solution 
of  metastannie  acid  in  eold  potash.  It  is  gummy,  uncrystallizable,  and 
strongly  alkaline.  The  sodium  salt,  SngOgHgNa,,  prepared  in  like  manner, 
is  crystallo-granular,  and  dissolves  slowly,  but  completely,  in  water.  The 
metastannates  exist  only  in  the  hydra  ted  state,  being  decomposed  when 
deprived  of  their  basic  water. 

Tin  Sulphides.  —  The  monosulphide,  SnS,  is  prepared  by  fusing  tin  with 
excess  of  sulphur,  and  strongly  heating  the  product.  It  is  a  lead-gray, 
brittle  substance,  fusible  at  a  red  heat,  and  soluble,  with  evolution  of  sul- 
phuretted hydrogen,  in  hot  hydrochloric  acid.  A  stsquisulphide  may  be 
formed  by  gently  heating  the  above  compound  with  a  third  of  its  weight  of 
sulphur :  it  is  yellowish-gray,  and  easily  decomposed  by  heat.  The  bisul- 
phide, SnSr  or  Mosaic  gold,  is  prepared  by  exposing  to  a  low  red  heat,  in  a 
glass  flask,  a  mixture  of  12  parts  of  tin,  6  of  mercury,  6  of  sal-ammoniac, 
and  7  of  flowers  of  sulphur.  Sal-ammoniac,  cinnabar,  and  stannous  chlor- 
ide sublime,  while  the  bisulphide  remains  at  the  bottom  of  the  vessel  in  the 
form  of  brilliant  gold-colored  scales :  it  is  used  as  a  substitute  for  gold  pow- 
der. The  same  compound  is  obtained  as  an  amorphous  light-yellow  pow- 
der by  passing  hydrogen  sulphide  into  a  solution  of  stannio  chloride. 


Stannous  salts  give  with : 

Fixed  caustic  alkalies :  white  hydrate,  soluble  in  excess. 
Ammonia :     carbonates  \ 

of  potassium,  sodium,  >  white  hydrate,  nearly  insoluble  in  excess, 
and  ammonium    .     .  J 

(black-brown  precipitate  of  monosulphide,  sol- 
uble in  ammonium  sulphide  containing  excess 
of  sulphur,  and  reprecipitated  by  acids  as 
yellow  bisulphide. 
Stannic  salts  give  with : 

Fixed  caustic  alkalies:  white  hydrate,  soluble  in  excess. 
Ammonia:  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  carbonates:  white  hydrate,  slightly  soluble  in  excess. 
Ammonium  carbonate:  white  hydrate,  insoluble. 
Hydrogen  sulphide :  yellow  precipitate  of  bisulphide. 
Ammonium  sulphide:  the  same,  soluble  in  excess. 
Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous  chloride,  gives 
rise  to  a  brownish-purple  precipitate,  called  purple  of  Cassius  (p.  871). 

The  useful  applications  of  tin  are  very  numerous.  Tinned  plate  consists 
of  iron  superficially  alloyed  with  this  metal;  pewter,  of  the  best  kind,  is 
chiefly  tin,  hardened  by  the  admixture  of  a  little  antimony,  &c.     Cooking- 

•  Bichardson  and  Watta's  Cbemical  Technology,  vol.  I.  pt.  iv.  p.  36,  and  pt.  v.  p.  342. 
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i  of  copper  are  usually  tinned  in  the  interior.     The  use  of  tin  solu- 
tions in  dyeing  and  calico-printing  has  been  already  mentioned. 


UTAHIUK. 

Atomic  weight,  60.     Symbol,  Ti. 

This  is  one  of  the  rarer  metals,  and  is  never  found  in  the  metallic  state. 
The  most  important  titanium  minerals  are  rutile,  brookite,  and  anatase,  which 
are  different  forms  of  titanic  oxide,  and  the  several  varieties  of  titaniferous 
iron,  consisting  of  ferrous  titanate,  sometimes  alone,  but  more  generally 
mixed  with  ferric  or  ferroso-ferric  oxide.  Occasionally  in  the  slag  adhering 
to  the  bottom  of  blast-furnaces  in  which  iron  ore  is  reduced,  small  brilliant 
copper-colored  cubes,  hard  enough  to  Bcratch  glass,  and  in  the  highest 
degree  infusible,  are  found.  This  substance,  of  which  a  single  smelting 
furnace  in  the  Harti  produced  as  much  as  80  pounds,  was  formerly  believed 
to  be  metallic  titanium.  Recent  researches  of  Wohler,  however,  have 
shown  it  to  be  a  combination  of  titanium  cyanide  with  titanium  nitride. 
When  these  crystals  are  powdered,  mixed  with  potassium  hydrate,  and 
fused,  ammonia  is  evolved,  and  potassium  titanate  is  formed.  Metallic 
titanium  in  a  finely  divided  state  may  be  obtained  by  heating  titanium  and 
potassium  fluoride  with  potassium.  This  element  is  remarkable  for  its 
affinity  for  nitrogen :  when  heated  in  the  air,  it  simultaneously  absorbs 
oxygen  and  nitrogen. 

Titanium  is  tetradic,  like  tin,  and  forms  two  classes  of  compounds :  the 
titanic  compounds,  in  which  it  is  quadrivalent,  e.g.  TilTCl4,  TilTOr  and  the 
titanoiu  compounds,  in  which  it  is  apparently  trivalent  but  really  also 
quadrivalent,  e.  g. : 

TiCl, 
Ti,Cl«,  or  I 

TiCV 

Chlorides.  —  Titanous  chloride,  Ti,Clf,  is  produced  by  passing  the  vapor 
of  titanic  chloride  mixed  with  hydrogen  through  a  red-hot  tube;  it  forms 
dark  violet  scales  having  a  strong  lustre.  Titanic  chloride,  TiCl4,  is  prepared 
by  passing  chlorine  over  an  ignited  mixture  of  titanic  oxide  and  charcoal. 
It  is  a  colorless  volatile  fuming  liquid,  having  a  specific  gravity  of  1*7609 
atO°,  vapor  density  =  6-658,  and  boiling  at  136°.  It  unites  very  violently 
with  water,  and  forms  definite  compounds  with  ammonia,  ammonium  chlor- 
ide, hydrogen  cyanide,  cyanogen  chloride,  phosphine,  and  sulphur  tetra- 
chloride. 

Fluorides.  —  Titanous  fluoride,  Ti2Fa,  is  obtained  as  a  violet  powder  by 
igniting  potassio-titanic  fluoride  in  hydrogen  gas,  and  treating  the  resulting 
mass  with  hot  water.  Titanic  fluoride,  TiF4,  passes  over  as  a  fuming  color- 
less liquid,  when  titanic  oxide  is  distilled  with  fluor-spar  and  fuming  sul- 
phuric acid  in  a  platinum  apparatus.  It  unites  with  hydrofluoric  acid  and 
metallic  fluorides,  forming  double  salts  called  titano-ftuoride*  or  fluolitannaten, 
isomorphous  with  the  silicofluorides,  zircofluorides,  &c,  e.g.9  TiF4.2KF; 
Ti*YCaFr 

Oxidss.  —  The  tesquioxide,  or  Titanoiu  oxide,  Ti208,  is  obtained  by  igniting 
the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when  heated  in  the  air 
to  a  iwy  high  temperature,  oxidizes  to  titanic  oxide. 

The  dioxide  or  Titanic  oxide  occurs  native  in  three  different  forms,  viz.,  as 
rutile  and  anatase,  which  are  dimetric,  and  brookite,  which  is  trimetric ; 
of  these,  anatase  is  the  purest,  and  rutile  the  most  abundant.     To  obtain 
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pure  titanic  oxide,  rutile  or  titaniferous  iron  ore,  reduced  to  fine  powder, 
is  fused  with  twice  its  weight  of  potassium  carbonate,  and  the  fused  mass 
is  dissolved  in  dilate  hydrofluoric  acid,  whereupon  titano-fluoride  of  potas- 
sium soon  begins  to  separate.  From  the  hot  aqueous  solution  of  this  salt, 
ammonia  throws  down  snow-white  ammonium  titanate,  which  is  easily 
soluble  in  hydrochloric  acid,  and  when  ignited  gives  reddish-brown  lumps 
of  titanic  oxide.  This  oxide  is  insoluble  in  water,  and  in  all  acids  except 
strong  sulphuric  acid.  By  fusing  it  with  six  times  its  weight  of  acid  potas- 
sium sulphate,  a  clear  yellow  mass  is  obtained,  which  dissolves  perfectly  in 
warm  water. 

Titanic  oxide  appears  to  form  two  hydrates  or  acids,  analogous  to  stannic 
and  metastannic  acids.  One  of  these,  called  titanic  acid,  is  precipitated  by 
ammonia  from  a  solution  of  titanic  chloride,  as  a  white  powder  which  dis- 
solves easily  in  sulphuric,  nitric,  and  hydrochloric  acids,  even  when  these 
acids  are  rather  dilute ;  but  these  dilute  solutions,  when  boiled,  deposit 
metatitanic  hydrate,  as  a  soft  white  powder,  which,  like  the  anhydrous  oxide, 
is  insoluble  in  all  acids  except  strong  sulphuric  acid. 

The  titanates  have  not  been  much  studied ;  most  of  them  may  be  repre- 
sented by  the  formulae,  Ti04M,  =  TiOr2MjO,  and  Ti08M,  =  TiOrM/>  (the 
symbol  M  denoting  a  univalent  metal).  The  titanates  of  calcium  and  iron 
occur  as  natural  minerals.  The  titanates  of  the  alkali-metals  are  formed 
by  fusing  titanic  oxide  with  alkaline  hydrates,  carbonates,  or  acid  sulphates 
—  some  of  them  also  in  the  wet  way.  When  finely  pulverized  and  levigated, 
they  dissolve  in  moderately  warm,  concentrated  hydrochloric  acid ;  but  the 
greater  part  of  the  dissolved  titanic  acid  is  precipitated  on  boiling  the 
solution  with  dilute  acids.  The  neutral  titanates  of  the  alkali-metals,  TiOa 
M,,  are  insoluble  in  water,  but  soluble  in  acids.  The  titanates  of  the 
earth-metals  and  heavy  metals  are  insoluble,  and  may  be  obtained  by  pre- 
cipitation. 

In  a  solution  of  titanic  acid  in  hydrochloric  acid,  containing  as  little  free 
acid  as  possible,  tincture  of  gall*  produces  an  orange-colored  precipitate; 
potatsium  ferrocyanide,  a  dark-brown  precipitate.  Titanic  oxide  fused  with 
borax,  or  better,  wkh  microcotmic-salt,  in  the  inner  blowpipe  flame,  forms  a 
glass  which  is  yellow  while  hot,  but  becomes  violet  on  cooling.  The  deli- 
cacy of  the  reaction  is  muoh  increased  by  melting  a  little  metallio  sine  in 
the  lead. 


geoup  in. 

LEAD. 

Atomic  weight,  207.     Symbol,  Pb  (Plumbum). 

This  abundant  and  useful  metal  is  altogether  obtained  from  the  native 
Sulphide,  or  galena,  no  other  lead-ore  being  found  in  large  quantity.  The 
reduction  is  effected  in  a  reverberatory  furnace,  into  which  the  crushed 
lead-ore  is  introduced  and  roasted  for  some  time  at  a  dull  red  heat,  by 
which  much  of  the  sulphide  becomes  changed  by  oxidation  to  sulphate. 
The  contents  of  the  furnace  are  then  thoroughly  mixed,  and  the  tempera- 
ture raised,  when  the  sulphate  and  sulphide  react  upon  each  other,  pro- 
ducing sulphurous  oxide  and  metallio  lead : 

S04Pb  +   PbS  =  Pb,  +  2SOr 

Lead  melts  at  315-5°  C.  (000°  F.),  or  a  little  above,  and  boils  and  volatilizes 
at  a  white  heat.  By  slow  cooling  it  may  be  obtained  in  octohedral  crystals. 
In  moist  air  this  metal  becomes  ooated  with  a  film  of  gray  matter,  thought 
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io  be  suboxide,  and  when  exposed  to  the  atmosphere  in  the  melted  state  it 
rapidly  absorbs  oxygen.  Dilute  acids,  with  the  exception  of  nitrio  acid, 
act  but  slowly  upon  lead. 

Lead  is  a  tetrad,  as  shown  by  the  constitution  of  plumbic  ethide,  PblT(Cs 
H,)4:  but  in  its  inorganic  combinations  it  appears  dyadic,  forming  but  one 
chloride,  Pb^Cl,,  with  corresponding  bromide  and  iodide.  The  oxide  cor- 
responding to  these  is  Pb"0,  and  there  are  also  higher  oxides  in  which  the 
metal  may  be  regarded  either  as  a  dyad  or  as  a  tetrad :  thus  the  dioxide 
PbO,  may  be  formulated  either  as 


1> 


0  =  Pb  =  0,  or  aa  |  ^>Pb. 

Lkad  Chloride,  PbCI2,  is  prepared  by  precipitating  a  solution  of  lead 
nitrate  or  acetate  with  hydrochloric  acid  or  common  salt.  It  separates  as 
a  heavy  white  crystalline  precipitate,  which  dissolves  in  about  33  parts  of 
boiling  water,  and  separates  again,  on  cooling,  in  needle-shaped  crystals. 

There  are  several  oxychlorides  of  lead,  one  of  which,  Pb,Cl2Oa,  or  PbCl,. 
2PbO,  occurs  crystallized  in  right  rhombic  prisms  on  the  Mendip  Hills, 
thence  called  mcndipite.  Another,  constituting  Pattinson's  white  oxychlor- 
ide,  PbjCljO  or  PbClrPbO,  is  prepared  for  use  as  a  pigment  by  grinding 
galena  with  strong  hydrochloric  acid,  dissolving  the  resulting  chloride  in 
hot  water,  and  precipitating  with  lime-water.  A  third  oxyohloride,  PbCl, . 
7 PbO,  called  patent  yellow  or  Turner's  yellow,  is  prepared  by  heating  1  part 
of  aal-ammoniac  with  10  parts  of  litharge. 

Liad  Iodidb,  Pblr  is  precipitated,  on  mixing  lead  nitrate  or  acetate 
with  potassium  iodide,  as  a  bright  yellow  powder,  which  dissolves  in  boiling 
water,  and  crystallizes  therefrom  in  beautiful  yellow  iridescent  spangles. 

Oxides.  —  The  monoxide,  PbO,  called  litharge  or  massicot,  is  the  product 
of  the  direct  oxidation  of  the  metal.  It  is  most  conveniently  prepared  by 
heating  the  carbonate  to  dull  redness ;  common  litharge  is  impure  monoxide 
which  has  undergone  fusion.  Lead  oxide  has  a  delicate  straw-yellow  color, 
is  very  heavy,  and  slightly  soluble  in  water,  giving  an  alkaline  liquid.  It 
is  soluble  in  potash,  and  crystallizes  from  the  solution  in  rhombic  prisms. 
At  a  red  heat  it  melts,  and  tends  to  crystallize  on  cooling.  In  the  melted 
state  it  attacks  and  dissolves  siliceous  matter  with  astonishing  facility,  often 
penetrating  an  earthen  crucible  in  a  few  minutes.  It  is  easily  reduced 
▼hen  heated  with  organic  substances  of  any  kind  containing  carbon  or 
hydrogen.  It  forms  a  large  class  of  salts,  often  called  plumbic  salts,  which 
are  colorless  if  the  acid  itself  is  not  colored. 

Triplumbic  tetroxide,  or  Red  lead,  is  not  of  very  constant  composition,  but 
generally  contains  Pb,Os  or  2PbO.PbOr  It  is  prepared  by  exposing  the 
monoxide,  which  has  not  been  fused,  for  a  long  time  to  the  air,  at  a  very 
faint  red  heat;  it  is  a  brilliant  red  and  extremely  heavy  powder,  decom- 
posed, with  evolution  of  oxygen,  by  a  strong  heat,  and  converted  into  a 
mixture  of  monoxide  and  dioxide  by  acids.  It  is  used  as  a  cheap  substitute 
for  vermilion. 

The  dioxide,  PbOr  often  called  puce  or  brown  lead-oxide,  is  obtained  without 
difficulty  by  digesting  red  lead  in  dilute  nitrio  acid,  whereby  lead  nitrate  is 
dissolved  ont,  and  insoluble  dioxide  left  behind  in  the  form  of  a  deep-brown 
powder.  The  dioxide  is  decomposed  by  a  red  heat,  yielding  up  one  half 
of  its  oxygen.  Hydrochloric  acid  converts  it  into  lead  chloride,  with  dis- 
engagement of  chlorine ;  hot  oil  of  vitriol  forms  with  it  lead  sulphate,  and 
liberates  oxygen.  The  dioxide  is  very  useful  in  separating  sulphurous  acid 
from  certain  gaseous  mixtures,  lead  sulphate  being  then  produced :  PbO, 
+  80l=PbSO«.  "  ' 
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Dtplumbic  oxide,  or  Lead  suboxide,  Pb,0  or  Fb — O — Pb,  is  formed  when  the 
monoxide  is  heated  to  dull  redness  in  a  retort;  a  gray  pulverulent  sub- 
stance is  then  left,  which  is  resolved  by  acids  into  monoxide  and  metaL  It 
absorbs  oxygen  with  great  rapidity  when  heated,  and  even  when  simply 
moistened  with  water  and  exposed  to  the  air. 

Lead  Nitrate,  (N08),Pb  or  N,06  PbO,  may  be  obtained  by  dissolving 
lead  carbonate  in  nitric  acid,  or  by  acting  directly  upon  the  metal  by  the 
same  agent  with  the  aid  of  heat:  it  is,  as  already  noticed,  a  by-product 
in  the  preparation  of  the  dioxide.  It  crystallizes  in  anhydrous  octahedrons, 
which  are  usually  milk-white  and  opaque.  It  dissolves  in  7}  parts  of  cold 
water,  and  is  decomposed  by  heat,  yielding  nitrogen  tetroxide,  oxygen,  and 
lead  monoxide,  which  obstinately  retains  traces  of  nitrogen.  When  a 
solution  of  this  salt  is  boiled  with  an  additional  quantity  of  lead  oxide,  a 
portion  of  the  latter  is  dissolved,  and  a  basic  nitrate  is  generated,  which 
may  be  obtained  in  crystals.  Carbonic  acid  separates  this  excess  of  oxide 
in  the  form  of  a  white  compound  of  lead  carbonate  and  lead  hydrate. 

Neutral  and  basic  compounds  of  lead  oxide  with  the  trioxide  and  tetroxide 
of  nitrogen,  have  been  described.  These  last  are  probably  formed  by  the 
combination  of  a  nitrite  with  a  nitrate. 

Lead  Carbonate  ;  White  Lead  ;  COjPb"  or  CO,PbO. — This  salt  is  some- 
times found  beautifully  crystallized  in  long  white  needles,  accompanying 
other  metallic  ores.  It  may  be  prepared  artificially  by  precipitating  in  the 
cold  a  solution  of  the  nitrate  or  acetate  with  an  alkaline  carbonate:  when 
the  lead  solution  is  boiling,  the  precipitate  is  a  basic  salt  containing 
2CO,Pb.  PbH,0, ;  it  is  also  manufactured  to  an  immense  extent  by  other 
means  for  the  use  of  the  painter.  Pure  lead  carbonate  is  a  soft,  white 
powder,  of  great  specific  gravity,  insoluble  in  water,  but  easily  dissolved 
by  dilute  nitric  or  acetic  acid. 

Of  the  many  methods  put  in  practice,  or  proposed,  for  making  white 
lead,  the  two  following  are  the  most  important  and  interesting :  One  of 
these  consists  in  forming  a  basic  nitrate  or  acetate  of  lead  by  boiling  finely 
powdered  litharge  with  the  neutral  salt.  This  solution  is  then  brought  into 
contact  with  carbonic  acid  gas,  whereby  all  the  excess  of  oxide  previously 
taken  up  by  the  neutral  salt  is  at  once  precipitated  as  white  lead.  The 
solution  strained  or  pressed  from  the  latter  is  again  boiled  with  litharge, 
and  treated  with  carbonic  acid :  these  processes  are  susceptible  of  indefinite 
repetition,  whereby  the  little  loss  of  neutral  salt  left  in  the  precipitates  is 
compensated.  The  second,  and  by  far  the  more  ancient  method,  is  rather 
more  complex,  and  at  first  sight  not  very  intelligible.  A  great  number  of 
earthen  jars  are  prepared,  into  each  of  which  is  poured  a  few  ounces  of 
crude  vinegar ;  a  roll  of  sheet-lead  is  then  introduced  in  such  a  manner  that 
it  shall  neither  touch  the  vinegar  nor  project  above  the  top  of  the  jar.  Tbo 
vessels  are  next  arranged  in  a  large  building,  Bide  by  side,  upon  a  layer  of 
stable  manure,  or,  still  better,  spent  tan,  and  closely  covered  with  boards. 
A  second  layer  of  tan  is  spread  upon  the  top  of  the  latter,  and  then  a 
second  series  of  pots ;  these  are  in  turn  covered  with  boards  and  decom- 
posing bark,  and  in  this  manner  a  pile  of  many  alternations  is  constructed. 
After  the  lapse  of  a  considerable  time,  the  pile  is  taken  down  and  the  sheets 
of  lead  are  removed  and  carefully  unrolled ;  they  are  then  found  to  be  in 
great  part  converted  into  carbonate,  which  merely  requires  washing  and 
grinding  to  be  fit  for  use.  The  nature  of  this  curious  process  is  generally 
explained  by  supposing  the  vapor  of  vinegar  raised  by  the  high  tempera- 
ture of  the  fermenting  matter,  merely  to  act  as  a  carrier  between  the  car- 
bonic acid  evolved  from  the  tan,  and  the  lead  oxide  formed  under  the  in- 
fluence of  the  acid  vapor,  a  neutral  acetate,  a  basic  acetate,  and  a  carbonate 
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being  produced  in  succession,  and  the  action  gradually  travelling  from  the 
surface  inwards.  The  quantity  of  acetic  acid  used  is,  in  relation  to  the 
lead,  quite  trifling,  and  cannot  directly  contribute  to  the  production  of  the 
carbonate.  A  preference  is  still  given  to  the  product  of  this  old  mode  of 
manufacture,  on  account  of  its  superiority  of  opacity,  or  body,  over  that 
obtained  by  precipitation.  Commercial  white  lead,  however  prepared, 
always  contains  a  certain  proportion  of  hydrate.  It  is  sometimes  adul- 
terated with  barium  sulphate. 

When  clean  metallio  lead  is  put  into  pure  water  and  exposed  to  the  air,  a 
white,  crystalline,  scaly  powder  begins  to  show  itself  in  a  few  hours,  and 
very  rapidly  increases  in  quantity.  This  substance  may  consist  of  lead 
hydrate,  formed  by  the  action  of  the  oxygen  dissolved  in  the  water  upon 
the  lead.  It  is  slightly  soluble,  and  may  be  readily  detected  in  the  water. 
In  most  cases,  however,  the  formation  of  this  deposit  is  due  to  the  action 
of  the  carbonic  acid  dissolved  in  the  water:  it  consists  of  carbonate  in 
combination  with  hydrate,  and  is  nearly  insoluble  in  water.  When  common 
river  or  spring  water  is  substituted  for  the  pure  liquid,  this  effect  is  less 
observable,  the  little  sulphate,  almost  invariably  present,  causing  the  depo- 
sition of  a  very  thin  but  closely  adherent  film  of  lead  sulphate  upon  the 
surface  of  the  metal,  which  protects  it  from  further  action.  It  is  on  this 
account  that  leaden  cisterns  are  used  with  impunity,  at  least  in  most  cases, 
for  holding  water:  if  the  latter  were  quite  pure,  it  would  be  speedily  con- 
taminated with  lead,  and  the  cistern  would  be  soon  destroyed.  Natural 
water  highly  charged  with  carbonic  acid  cannot,  under  any  circumstances, 
be  kept  in  lead  or  passed  through  leaden  pipes  with  safety,  the  carbonate, 
though  very  insoluble  in  pure  water,  being  slightly  soluble  in  water  con- 
taining carbonic  acid. 

The  soluble  salts  of  lead  behave  with  reagents  as  follows:  — 
Canstic  potash  and  soda  precipitate  a  white  hydrate  freely  soluble  in  ex- 
cess. Ammonia  gives  a  similar  white  precipitate,  not  soluble  in  excess. 
The  carbonates  of  potassium,  sodium,  and  ammonium,  precipitate  lead  car- 
bonate, insoluble  in  excess.  Sulphuric  acid  or  a  sulphate  causes  a  white  pre- 
cipitate of  lead  sulphate  insoluble  in  nitric  acid.  Hydrogen  sulphide  and 
ammonium  sulphide  throw  down  black  lead  sulphide.  Lead  is  readily  de- 
tected before  the  blowpipe  by  fusing  the  compound  under  examination  on 
charcoal  with  sodium  carbonate,  when  a  bead  of  metal  is  easily  obtained, 
which  is  recognized  by  its  chemical  as  well  as  physical  properties. 


An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  plumbers'  solder;  these 
proportions  reversed  give  a  more  fusible  compound,  called  fine  solder.  The 
lead  employed  in  the  manufacture  of  shot  is  combined  with  a  little  arsenic 


GBOUP  IV.— IRON  METALS. 

num. 

Atomic  weight,  66.     Symbol,  Pe  (Perrum). 

This  is  the  most  important  of  all  metals :  there  are  few  substances  to 
which  it  yields  in  interest,  when  it  is  considered  how  very  intimately  the 
knowledge  of  ita  properties  and  uses  is  connected  with  human  civilization. 

Metallic  iron  is  of  exceedingly  rare  occurrence :  it  has  been  found  at  Canaan, 
in  Connecticut,*  forming  a  vein  about  two  inches  thick  in  mica-slate ;  but  it 

•  Phillips'  Mineralogy,  4th  edit.  p.  206. 
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invariably  enters  into  the  composition  of  those  extraordinary  stones  known 
to  full  from  the  air,  called  meteorite*.  Isolated  masses  of  soft  malleable  iron 
also,  of  large  dimensions,  lie  loose  upon  the  surface  of  the  earth  in  South 
America  and  elsewhere,  and  are  presumed  to  have  had  a  similar  origin : 
these  latter,  in  common  with  the  iron  of  the  undoubted  meteorites,  contain 
nickel.  In  an  oxidized  condition,  the  presence  of  iron  may  be  said  to  be 
universal:  it  constitutes  a  great  part  of  the  common  coloring  matter  of 
rocks  and  soils ;  it  is  contained  in  plants,  and  forms  an  essential  component 
of  the  blood  of  the  animal  body.  It  is  also  very  common  in  the  state  of 
bisulphide.  Pure  iron  may  be  prepared,  according  to  Mitscherlich,  by 
introducing  into  a  Hessian  crucible  4  parts  of  fine  iron  wire  cut  small,  and 
1  part  of  black  iron  oxide.  This  is  covered  with  a  mixture  of  white  sand, 
lime,  and  potassium  carbonate,  in  the 'proportions  used  for  glass-m&king, 
and  a  cover  being  closely  applied,  the  crucible  is  exposed  to  a  very  high 
degree  of  heat.  A  button  of  pure  metal  is  thus  obtained,  the  traces  of  car- 
bon and  silicium  present  in  the  wire  having  been  removed  by  the  oxygen 
of  the  oxide. 

Pure  iron  has  a  white  color  and  perfect  lustre :  it  is  extremely  soft  and 
tough,  and  has  a  specific  gravity  of  7 '8.  Its  crystalline  form  is  probably 
the  cube,  to  judge  from  appearances  now  and  then  exhibited.  In  good  bar- 
iron  or  wire,  a  distinct  fibrous  texture  may  always  be  observed  when  the 
metal  has  been  attacked  by  rusting  or  by  the  application  of  an  acid,  and 
upon  the  perfection  of  this  fibre  much  of  its  strength  and  value  depends. 
Iron  is  the  most  tenacious  of  all  the  metals,  a  wire  f±  of  an  inch  in  diame- 
ter bearing  a  weight  of  00  lbs.  It  is  very  difficult  of  fusion,  and  before 
becoming  liquid  passes  through  a  soft  or  pasty  condition.  Pieces  of  iron 
pressed  or  hammered  together  in  this  state  cohere  into  a  single  mass :  the 
operation  is  termed  welding,  and  is  usually  performed  by  sprinkling  a  little 
sand  over  the  heated  metal,  which  combines  with  the  superficial  film  of 
oxide,  forming  a  fusible  silicate,  which  iB  subsequently  forced  out  from 
between  the  pieces  of  iron  by  the  pressure  applied :  clean  surfaces  of  metal 
are  thus  presented  to  each  other,  and  union  takes  place  without  difficulty. 

Iron  does  not  oxidiie  in  dry  air  at  common  temperatures :  heated  to  red- 
ness, it  becomes  covered  with  a  scaly  coating  of  black  oxide,  and  at  a  high 
white  heat  burns  brilliantly,  producing  the  same  substance.  In  oxygen  gas 
the  combustion  occurs  with  still  greater  ease.  The  finely  divided  spongy 
metal  prepared  by  reducing  the  red  oxide  with  hydrogen  gas  takes  fire 
spontaneously  in  the  air.  Pure  water,  free  from  air  and  carbonic  acid,  does 
not  tarnish  a  surface  of  polished  iron,  but  the  combined  agency  of  free 
oxygen  and  moisture  speedily  leads  to  the  production  of  rust,  which  is  a 
hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully  promoted 
by  the  presence  of  a  little  acid  vapor.  At  a  red  heat,  iron  decomposes 
water,  evolving  hydrogen,  and  passing  into  the  black  oxide.  Dilute  sul- 
phuric and  hydrochloric  acids  dissolve  it  freely,  with  separation  of  hydro- 
gen. Iron  is  strongly  magnetic  up  to  a  red  heat,  when  it  loses  all  traces  of 
that  remarkable  property. 

Iron  is  a  tetrad,  forming  two  classes  of  compounds;  namely,  the  ferrout 
compounds,  in  which  it  is  bivalent,  e.g.,  Fe"Clr  Fe"0,  Fe"804,  &c,  and 
the  ferric  compound*,  in  which  it  is  really  quadrivalent,  though  apparently 

Fe'"CL 

triralent,  e.y.,  Fe'",Cl«  or  J  ;  Fe"'/),;  Few,(S04)„  Ac. 

Fe'"^ 

Chlorides.  —The  dichloride,  or  Ferrom  chloride,  FeClj,  is  formed  by  trans- 
mitting dry  hydrochloric  acid  gas  over  red-hot  metallic  iron,  or  by  dissolv- 
ing iron  in  hydrochloric  acid.  The  latter  solution  yields,  when  duly  con- 
centrated, green  crystals  of  the  hydrated  diohloride  FeClr40Ht;  they  *re 
very  soluble  and  deliquescent,  and  rapidly  oxidise  in  the  air. 
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The  trichloride,  or  Ferric  chloride,  FejCl^  is  usually  prepared  by  dissolving 
feme  oxide  in  hydrochloric  acid.  The  solution,  evaporated  to  a  syrupy 
consistence,  deposits  red  hydrated  crystals,  which  are  very  soluble  in  water 
and  alcohol.  It  forms  double  salts  with  potassium  chloride  and  sal-ammo- 
niac. When  evaporated  to  dryness  and  strongly  heated,  much  of  the  chlor- 
ide is  decomposed,  yielding  sesquioxide  and  hydrochloric  acid :  the  remain- 
der sublimes,  and  afterwards  condenses  in  the  form  of  small  brilliant  red 
crystals,  which  deliquesce  rapidly.  Anhydrous  ferric  chloride  is  also  pro- 
duced by  the  action  of  chlorine  upon  the  heated  metal.  The  solution  of 
ferric  chloride  is  capable  of  dissolving  a  large  excess  of  recently  precipi- 
tated ferric  hydrate,  by  which  it  acquires  a  much  darker  oolor. 

Iodides. — Ferrous  iodide,  Fel,,  is  an  important  medicinal  preparation :  it 
is  easily  made  by  digesting  iodine  with  water  and  metallic  iron.  The  solution 
is  pale-green,  and  yields,  on  evaporation,  crystals  resembling  those  of  the 
chloride,  which  rapidly  oxidize  on  exposure  to  air.  It  is  best  preserved  in 
solution  in  contact  with  excess  of  iron.  —  Ferric  iodide,  FesIe,  is  yellowish- 
red  and  soluble. 

Iboh  Oxidbs. — Three  oxides  of  iron  are  known,  namely,  ferrous  oxide, 
PeO,  and  ferric  oxide,  Fe*Or  analogous  to  the  chlorides,  and  an  internii- 
diate  oxide,  usually  called  magnetic  iron  oxide,  containing  Fe,04,  or  FeO. 
Fe,Or  A  trioxide,  FeOs,  is  supposed  to  exist  in  a  class  of  salts  called  fer- 
rates, but  it  has  not  been  isolated. 

Monoxide  or  Ferrous  oxide,  FeO. — This  is  a  very  powerful  base,  neutralis- 
ing acids,  and  isomorphous  with  magnesia,  zinc  oxide,  &o.  It  is  almost 
unknown  in  the  separate  state,  from  its  extreme  proneness  to  absorb  oxy- 
gen and  pass  into  the  sesquioxide.  When  a  ferrous  salt  is  mixed  with 
caustic  alkali  or  ammonia,  a  bulky  whitish  precipitate  of  ferrous  hydrate 
falls,  which  becomes  nearly  black  when  boiled,  the  water  being  separated. 
This  hydrate  changes  very  rapidly  when  exposed  to  the  air,  becoming  green 
and  ultimately  red-brown.  The  soluble  ferrous  salts  have  oommonly  a 
delicate  pale-green  color  and  a  nauseous  metallic  taste. 

Sesquioxide  or  Ferric  oxide,  Fe2Os. — A  feeble  base,  isomorphous  with  alu- 
mina. It  occurs  native,  most  beautifully  crystallized,  as  specular  iron  ore, 
in  the  Island  of  Elba,  and  elsewhere ;  also  as  red  and  brown  hsematite,  the 
latter  being  a  hydrate.  It  is  artificially  prepared  by  precipitating  a  solution 
of  ferric  sulphate  or  chloride  with  excess  of  ammonia,  and  washing,  dry- 
ing, and  igniting  the  yellowish-brown  hydrate  thus  produoed ;  fixed  alkali 
must  not  be  used  in  this  operation,  as  a  portion  is  retained  by  the  oxide. 
In  fine  powder,  this  oxide  has  a  full  red  color,  and  is  used  as  a  pigment, 
being  prepared  for  the  purpose  by  calcination  of  ferrous  sulphate ;  the  tint 
varies  somewhat  with  the  temperature  to  which  it  has  been  exposed.  The 
oxide  is  unaltered  in  the  fire,  although  easily  reduced  at  a  high  temperature 
by  carbon  or  hydrogen.  It  dissolves  in  acids,  with  difficulty  after  strong 
ignition,  forming  a  series  of  reddish  salts,  which  have  an  acid  reaction  and 
an  astringent  taste.     Ferric  oxide  is  not  acted  upon  by  the  magnet. 

Triferro-telroxide,  Ferroso/erric  oxide,  Fea04  =  FeO.Fe,Os.  also  called  black 
iron  oxide,  magnetic  oxide,  and  loadstone.  —  A  natural  product,  one  of  the 
most  valuable  of  the  iron  ores,  often  found  in  regular  octohedral  crystals, 
which  are  magnetic.  It  may  be  prepared  by  mixing  due  proportions  of 
ferrous  and  ferric  salts,  precipitating  them  with  excess  of  alkali,  and  then 
boiling  the  mixed  hydrates ;  the  latter  then  unite  to  a  black  sandy  sub- 
stance, consisting  of  minute  crystals  of  the  magnetic  oxide.  This  oxide  is 
the  chief  product  of  the  oxidation  of  iron  at  a  high  temperature  in  the  air 
and  in  aqueous  vapor.    It  is  incapable  of  forming  definite  salts. 

JtasATis. — When  a  mixture  of  one  part  of  pure  ferric  oxide  and  four 
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parts  of  dry  nitre  is  heated  to  full  redness  for  an  Hour  in  a  covered  cruci- 
ble, and  the  resulting  brown,  porous,  deliquescent  mass  is  treated  when 
cold  with  ice-sold  water,  a  deep  amethystine-red  solution  of  potassium  fer- 
rate is  obtained.  The  same  Bait  may  be  more  easily  prepared  by  passing 
chlorine  gas  through  a  strong  solution  of  potash  in  which  recently  precipi- 
tated ferric  hydrate  is  suspended ;  it  is  then  deposited  as  a  black-  powder, 
which  may  be  drained  upon  a  tile.  It  consists  of  Fe04K,  or  Fe6rOK^ 
The  solution  of  the  salt  gradually  decomposes,  even  in  the  cold,  and  rapidly 
when  heated,  giving  off  oxygen  and  depositing  sesquioxide.  The  solution 
of  potassium  ferrate  gives  no  precipitate  with  salts  of  calcium,  magnesium, 
or  strontium,  but  when  mixed  with  a  barium  salt,  it  yields  a  deep  crimson, 
insoluble,  barium  ferrate,  Fe04Ba,  or  FeO~BaO,  which  is  very  permanent. 
Neither  the  hydrogen  salt  nor  ferrio  acid,  Fe04Hr  nor  the  corresponding 
anhydrous  oxide,  FeOp  is  known  in  the  separate  state. 

Ferrous  Sulphate,  S04Fe".70H„  S(VFe0.70Hr— This  beautiful  and 
important  salt,  commonly  called  green  vitriol,  iron  vitriol,  or  copperas,  may  be 
obtained  by  dissolving  iron  in  dilute  sulphuric  acid :  it  is  generally  prepared, 
however,  and  on  a  very  large  scale,  by  contact  of  air  and  moisture 
with  common  iron  pyrites,  which,  by  absorption  of  oxygen,  readily  fur- 
nishes the  substance  in  question.  Heaps  of  this  material  are  exposed  to 
the  air  until  the  decomposition  is  sufficiently  advanced :  the  salt  produced 
is  then  dissolved  out  by  water,  and  the  solution  made  to  crystallise.  It 
forms  large  green  crystals,  of  the  composition  above  stated,  which  slowly 
effloresce  and  oxidize  in  the  air:  it  is  soluble  in  about  twice  its  weight  of 
cold  water.  Crystals  containing  4  and  also  2  molecules  of  water  have  been 
obtained.  Ferrous  sulphate  forms  double  salts  with  the  sulphates  of  potas- 
sium and  ammonium,  containing  (S04),Fe'/Kr60Hr  and  (S04)8Fe//(NH4)r 
BOH,,  isomorphous  with  the  corresponding  magnesium  salts. 

Febbio  Sulphate,  (S04)sFe///r  or  8SO,.Fe,Or  is  prepared  by  adding  to 
a  solution  of  the  ferrous  salt  exactly  one  half  as  much  sulphuric  acid  as  it 
already  contains,  raising  the  liquid  to  the  boiling-point,  and  then  dropping 
in  nitric  acid  until  the  solution  ceases  to  blaoken  by  such  addition.  The 
red  liquid  thus  obtained  furnishes,  on  evaporation  to  dryness,  a  buff-colored 
amorphous  mass,  which  dissolves  very  slowly  when  put  into  water.  With 
the  sulphates  of  potassium  and  ammonium,  this  salt  yields  compounds  hav- 
ing the  form  and  constitution  of  alums ;  the  potassium  salt,  for  example, 
has  the  composition  (S04)1Fe/"K.120Ht.  The  crystals  are  nearly  destitute 
of  color;  they  are  decomposed  by  water,  and  sometimes  by  long  keeping 
in  the  dry  state.  These  salts  are  best  prepared  by  exposing  to  spontaneous 
evaporation  a  solution  of  ferrio  sulphate  to  which  potassium  or  ammonium 
sulphate  has  been  added. 

Febbous  Nitrate  (NOs)sFe".  —  When  dilute  cold  nitric  acid  is  made  to 
act  to  saturation  upon  iron  monosulphide,  and  the  solution  is  evaporated 
in  a  vacuum,  pale-green  and  very  soluble  crystals  of  ferrous  nitrate  are 
obtained,  which  are  very  subject  to  alteration.  Ferric  nitrate  is  readily 
formed  by  pouring  nitric  acid,  slightly  diluted,  upon  iron :  it  is  a  deep-red 
liquid,  apt  to  deposit  an  insoluble  basic  salt,  and  is  used  in  dyeing. 

Ferrous  Carbonate,  COrFe"  or  COrFe"0. — The  whitish  precipitate 
obtained  by  mixing  solutions  of  ferrous  salt  and  alkaline  carbonate :  it 
cannot  be  washed  and  dried  without  losing  carbonic  acid  and  absorbing 
oxygen.  This  substance  occurs  in  nature  as  spathote  iron  ore,  or  iron  spar, 
associated  with  variable  quantities  of  calcium  and  magnesium  carbonates ; 
also  in  the  common  clay  iron-stone,  from  which  nearly  all  the  British  iron 
is  made.     It  is  often  found  in  mineral  waters,  being  soluble  in  excess  of 
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c&rbonio  acid :  such  waters  are  known  by  the  rusty  matter  they  deposit  on 
exposure  to  the  air.     No  ferric  carbonate  is  known. 
The  phosphates  of  iron  are  all  insoluble. 

Ieoh  Sulphides.  —  Several  compounds  of  iron  and  sulphur  are  described : 
of  these  the  two  most  important  are  the  following.  The  monosulphide,  or 
ferrous  sulphide,  FeS,  is  a  blackish  brittle  substance,  attracted  by  the  mag- 
net, formed  by  heating  together  iron  and  sulphur.  It  is  dissolved  by  dilute 
acids,  with  evolution  of  sulphuretted  hydrogen  gas,  and  is  constantly  em- 
ployed for  that  purpose  in  the  laboratory,  being  made  i>y  projecting  into  a 
red-hot  crucible  a  mixture  of  2£  parts  of  sulphur  and  4  parts  of  iron  fil- 
ings or  borings  of  cast-iron,  and  excluding  the  air  as  much  as  possible. 
The  same  substance  is  formed  when  a  bar  of  white-hot  iron  is  brought  in 
contact  with  sulphur.  The  bisulphide,  FeS~  or  iron  pyrites,  is  a  natural 
product,  occurring  in  rocks  of  all  ages,  and  evidently  formed  in  many  cases 
by  the  gradual  deoxidation  of  ferrous  sulphate  by  organic  matter.  It  has 
s  brass-yellow  color,  is  very  hard,  not  attracted  by  the  magnet,  and  not 
acted  upon  by  dilute  acids.  When  it  is  exposed  to  heat,  sulphur  is  ex- 
pelled, and  an  intermediate  sulphide,  Fe9S4,  analogous  to  the  black  oxide, 
is  produced.  This  substance  also  occurs  native,  under  the  name  of  magnetic 
pyrites.  Iron  pyrites  is  the  material  now  chiefly  employed  for  the  manu- 
facture of  sulphuric  acid ;  for  this  purpose  the  mineral  is  roasted  in  a  cur- 
rent of  air,  and  the  sulphurous  acid  formed  is  passed  into  the  lead  cham- 
bers ;  the  residue  consists  of  iron  oxide,  frequently  containing  a  quantity 
of  copper  large  enough  to  render  the  extraction  of  that  metal  remunerative. 

Compounds  of  iron  with  phosphorus,  carbon,  and  siUcium  exist,  but  little 
is  known  respecting  them  in  a  definite  state.  The  carbonide  is  contained 
in  cast-iron  and  in  steel,  to  which  it  communicates  ready  fusibility ;  the 
ailiciura  compound  is  also  found  in  cast-iron.  Phosphorus  is  a  very  hurt- 
ful substance  in  bar  iron,  as  it  renders  it  brittle  or  cold-short. 


Reactions  or  Iron  Salts.  —  Ferrous  salts  are  thus  distinguished : 

Caustic  alkalies,  and  ammonia,  give  nearly  white  precipitates,  insoluble  in 
excess  of  the  reagent,  rapidly  becoming  green,  and  ultimately  brown,  by 
exposure  to  air.  The  carbonates  of  potassium,  sodium,  and  ammonium  throw 
down  whitish  ferrous  carbonate,  also  very  subject  to  change.  Hydrogen 
sulphide  gives  no  precipitate,  but  ammonium  sulphide  throws  down  black  fer- 
rous sulphide,  soluble  in  dilute  acids.  Potassium  ferrocyanide  gives  a  nearly 
white  precipitate,  becoming  deep-blue  on  exposure  to  air. 

Feme  salts  are  thus  characterized : 

Caustic  fixed  alkalies  and  ammonia,  give  foxy-red  precipitates  of  ferrio 
hydrate,  insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid  escaping. 

Hydrogen  sulphide  gives  a  nearly  white  precipitate  of  sulphur,  and  re- 
duces the  sesquioxide  to  monoxide.  Ammonium  sulphide  gives  a  black  pre- 
cipitate, slightly  soluble  in  excess.  Potassium  ferrocyanide  yields  Prussian 
blue.  Tincture  or  infusion  of  gall-nuts  strikes  intense  bluish-black  with 
the  most  dilute  solutions  of  ferric  salts. 


Iron  Manufacture.  —  This  most  important  branch  of  industry  consists,  as 
now  conducted,  of  two  distinct  parts — vis.,  the  production  from  the  ore  of 
ft  fusible  carbonide  of  iron,  and  the  subsequent  decomposition  of  the  car- 
bonide, and  its  conversion  into  pure  or  malleable  iron. 
The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin  beds  or 
s:  it  consists,  as  already  mentioned,  of  ferrous  carbonate  mixed  with 
84* 
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clay ;  sometimes  lime  and  magnesia  are  also  present  It  is  broken  a  I 
pieces,  and  exposed  to  heat  in  a  furnace  resembling  a  lime-kiln,  bj  whits.  I 
the  water  and  carbonic  acid  are  expelled,  and  the  ore  render*!  dirk  J 
colored,  denser,  and  also  magnetic:  it  is  then  ready  for  redaction.  Tb<| 
furnace  in  whioh  this  operation  is  performed  is  usually  of  very  lirp  di-f 
mensions,  60  feet  or  more  in  height,  and  constructed  of  brickwork  with  I 
great  solidity,  the  interior  being  lined  with  excellent  fire-bricks:  theriur/  I 
will  be  understood  from  the  section  shown  in  fig.  173.     The  furnace  ia  du$e  | 


at  the  bottom,  the  fire  being  maintained  by  a  powerful  artificial  blast  in- 
troduced by  two  or  tree  twyere-pipei,  as  shown  in  the  section.  The  mate- 
rials, consisting  of  due  proportions  of  coke  or  oarbonized  coal,  roasted  ore, 
and  limestone,  are  constantly  supplied  from  the  top,  the  operation  proceed- 
ing continuously  night  and  day,  often  for  years,  or  until  the  furnace  is 
judged  to  require  repair.  In  the  upper  part  of  the  furnace,  where  the 
temperature  is  still  very  high,  and  where  combustible  gases  abound,  the 
iron  of  the  ore  is  probably  reduced  to  the  metallic  state,  being  disseminated 
through  the  earthy  matter  of  the  ore.  As  the  whole  sinks  down  and  attains 
a  still  higher  degree  of  heat,  the  iron  becomes  converted  into  carbonide  by 
cementation,  while  the  silica  and  alumina  unite  with  the  lime,  purposely 
added,  to  a  kind  of  glass  or  *lagy  nearly  free  from  iron  oxide.  The  carbon- 
ide and  slag,  both  in  a  melted  state,  reach  at  last  the  bottom  of  the  furnace, 
where  they  arrange  themselves  in  the  order  of  their  densities:  the  slag 
flows  out  at  certain  apertures  contrived  for  the  purpose,  and  the  iron  is 
discharged  from  time  to  time,  and  suffered  to  run  into  rude  moulds  of  sand 
by  opening  an  orifice  at  the  bottom  of  the  recipient,  previously  stopped 
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'  with  clay.  Such  is  the  origin  of  crude  j>r  cast-iron,  of  which  there  are 
several  varieties,  distinguished  by  differences  of  color,  hardness,  and  com- 
position, and  known  by  the  names  of  gray,  black,  and  white  iron.  The  first 
is  for  most  purposes  the  best,  as  it  admits  of  being  filed  and  cut  with 
perfect  ease.  The  black  and  gray  kinds  probably  contain  a  mechanical 
admixture  of  graphite,  which  separates  during  solidification. 

A  great  improvement  has  been  made  in  the  above-described  process,  by 
substituting  raw  coal  for  coke,  and  blowing  hot  air  instead  of  cold  into  the 
furnace.  This  is  effected  by  causing  the  air,  on  leaving  the  blowing-machine, 
to  circulate  through  a  system  of  red-hot  iron  pipes,  until  its  temperature 
becomes  high  enough  to  melt  lead.  This  alteration  has  already  effected 
a  prodigious  saving  in  fuel,  without,  it  appears,  any  injury  to  the  quality 
of  the  product. 

The  conversion  of  oast  into  bar  iron  is  effected  chiefly  by  an  operation 
called  puddling;  previous  to  which,  however,  it  commonly  undergoes  a  pro- 
cess called  refining.  It  is  remelted,  in  contact  with  the  fuel,  in  small  low 
furnaces  called  refineries,  while  air  is  blown  over  its  surface  by  means  of 
twyeres.  The  effect  of  this  operation  is  to  deprive  the  iron  of  a  great  part 
of  the  carbon  and  silicium  associated  with  it.  The  metal  thus  purified  is 
run  out  into  a  trench,  and  suddenly  cooled,  by  which  it  becomes  white, 
crystalline,  and  exceedingly  hard  :  in  this  state  it  is  called  fine  metal.  The 
puddling  process  is  conducted  in  an  ordinary  reverberatory  furnace,  into 
which  the  charge  of  fine  metal  is  introduced  by  a  side  aperture.  This  is 
speedily  melted  by  the  flame,  and  its  surface  covered  with  a  crust  or  oxide. 
The  workman  then,  by  the  aid  of  an  iron  tool,  diligently  stirs  the  melted 
mass,  so  as  intimately  to  mix  the-  oxide  with  the  metal:  he  now  and  then 
also  throws  in  a  little  water,  with  the  view  of  promoting  more  rapid  oxida- 
tion. Small  jets  of  blue  flame  soon  appear  upon  the  surface  of  the  iron, 
and  the  latter,  after  a  time,  begins  to  lose  its  fluidity,  and  acquires,  in 
succession,  a  pasty  and  a  granular  condition.  At  this  point  the  fire  is 
strongly  urged,  the  sandy  particles  once  more  oobere,  and  the  contents  of 
the  furnace  now  admit  of  being  formed  into  several  large  balls  or  masses, 
which  are  then  withdrawn,  and  placed  under  an  immense  hammer,  moved 
by  machinery,  by  which  each  becomes  quickly  fashioned  into  a  rude  bar. 
This  is  reheated,  and  passed  between  grooved  cast-iron  rollers,  and  drawn 
out  into  a  long  bar  or  rod.  To  make  the  best  iron,  the  bar  is  cut  into  a 
number  of  pieces,  which  are  afterwards  piled  or  bound  together,  again  raised 
to  a  welding  heat,  and  hammered  or  rolled  into  a  single  bar ;  and  this  pro- 
cess of  piling  or  fagoting  is  sometimes  twice  or  thrice  repeated,  the  iron 
becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  the  puddling  furnace  is  not  difficult 
to  explain.  Cast  iron  consists  essentially  of  iron  in  combination  with  car- 
bon and  silicium.  When  strongly  heated  with  iron  oxide,  those  compounds 
undergo  decomposition,  the  carbon  and  silicium  becoming  oxidized  at  the 
expense  of  the  oxygen  of  the  oxide.  As  this  change  takes  place,  the  metal 
gradually  loses  its  fusibility,  but  retains  a  certain  degree  of  adhesiveness, 
so  that  when  at  last  it  comes  under  the  tilt-hammer,  or  between  the  rollers, 
the  particles  of  iron  become  agglutinated  into  a  solid  mass,  while  the 
readily  fusible  silicate  of  the  oxide  is  squeezed  out  and  separated. 

All  these  processes  are,  in  Great  Britain,  performed  with  coal  or  coke ; 
bat  the  iron  obtained  is,  in  many  respects,  inferior  to  that  made  in  Sweden 
and  Russia  from  the  magnetic  oxide,  by  the  use  of  wood  charcoal,  —  a  fuel 
loo  dear  to  be  extensively  employed  in  England.  Plate  iron  is,  however, 
sometimes  made  with  charcoal. 

8ted.  —  A  very  remarkable  and  most  useful  substance,  prepared  by 
heating  iron  in  contact  with  charcoal.  BarB  of  Swedish  iron  are  imbedded 
in  charcoal  powder,  contained  in  a  large  rectangular  crucible  or  chest  of 
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some  substance  capable  of  resisting  the  fire,  and  exposed  for  many  hours 
to  a  full  red  heat.  The  iron  takes  up,  under  these  circumstances,  from 
1*3  to  1-7  per  cent,  of  carbon,  becoming  harder,  and  at  the  same  time 
fusible,  with  a  certain  diminution,  however,  of  malleability.  The  active 
agent  in  this  cementation  process  is  probably  carbonic  monoxide:  the 
oxygen  of  the  air  in  the  crucible  combines  with  the  carbon  to  form  that 
substance,  which  is  afterwards  decomposed  by  the  heated  iron,  one  half  of 
its  carbon  being  abstracted  by  the  latter.  The  carbon  dioxide  thus  formed 
takes  up  an  additional  dose  of  carbon  from  the  charcoal,  and  again  becomes 
monoxide,  the  oxygen,  or  rather  the  carbon  dioxide,  acting  as  a  carrier 
between  the  charcoal  and  the  metal.  The  product  of  this  operation  is 
called  blistered  steel,  from  the  blistered  and  rough  appearance  of  the  bars : 
the  texture  is  afterwards  improved  and  equalized  by  welding  a  number  of 
these  bars  together,  and  drawing  the  whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asserted  that  nitrogen  is  necessary  for  the 
production  of  steel,  and  have,  in  fact,  attributed  to  its  presence  the  peculiar 
properties  of  this  material;  others,  again,  have  disputed  this  assertion, 
and  believe  that  the  transformation  of  iron  into  steel  depends  upon  the 
assimilation  of  carbon  only;  experimentally,  the  question  remains  un- 
decided. 

Excellent  steel  is  obtained  by  fusing  gray  cast-iron  with  tungstic  oxide ; 
the  carbon  of  the  iron  reduces  the  tungstic  oxide  to  tungsten  (p.  424), 
which  forms  with  the  iron  an  alloy  possessing  the  properties  of  steel.  The 
quantity  of  tungsten  thus  absorbed  by  the  iron  is  very  small,  and  some 
chemists  attribute  the  properties  of  the  so-called  tungsten  steel  to  the  gen- 
eral treatment  rather  than  to  the  presence  of  tungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion,  hav- 
ing been  cast  into  ingot-moulds,  and  afterwards  hammered:  of  this  all  fine 
cutting  instruments  are  made.  It  is  difficult  to  forge,  requiring  great  skill 
and  care  on  the  part  of  the  operator. 

Steel  may  also  be  made  directly  from  Borne  particular  varieties  of  cast- 
iron,  as  that  from  spat  hose  iron  ore  containing  a  little  manganese.  The 
metal  is  retained,  in  a  melted  state,  on  the  hearth  of  a  furnace,  while  a 
stream  of  air  plays  upon  it,  and  causes  partial  oxidation:  the  oxide  pro- 
duced reacts,  as  before  stated,  on  the  carbon  of  the  iron,  and  withdraws  a 
portion  of  that  element.  When  a  proper  degree  of  stiffness  or  pastiness 
is  observed  in  the  residual  metal,  it  is  withdrawn,  and  hammered  or  rolled 
into  bars.  The  tcootz,  or  native  steel  of  India,  is  probably  made  in  this 
manner.  Annealed  cast  iron,  sometimes  called  run-steel,  is  now  much  em- 
ployed 08  a  substitute  for  the  more  costly  products  of  the  forge:  the  arti- 
cles, when  cast.,  are  imbedded  in  powdered  iron  ore,  or  some  earthy  ma- 
terial, and,  after  being  exposed  to  a  moderate  red  heat  for  some  time,  are 
allowed  to  cool  slowly,  by  which  a  very  extraordinay  degree  of  softness  and 
malleability  is  attained.  It  is  very  possible  that  some  little  decarbonization 
may  take  place  during  this  process. 

Bessemer  steel  is  produced  by  forcing  atmospheric  air  into  melted  cast-iron. 
The  carbon  being  oxidized  more  readily  than  the  iron,  it  is  converted  into 
carbon  monoxide,  which  escapes  in  a  sufficiently  heated  state  to  take  fire 
on  coming  in  contact  with  atmospheric  air.  Considerable  heat  is  generated 
by  the  oxidation  of  the  carbon  and  iron,  so  that  the  temperature  is  kept 
above  the  melting  point  of  steel  during  the  whole  of  the  operation.  When 
the  decarburation  has  been  carried  far  enough,  the  current  of  air  is  stopped, 
and  a  small  quantity  of  white  pig-iron,  containing  a  large  amount  of  man- 
ganese, is  dropped  into  the  liquid  metal.  This  serves  to  facilitate  the  sep- 
aration of  any  gas  retained  with  the  melted  metal,  which,  after  a  few 
minutes1  rest,  is  run  into  ingot-moulds. 

The  most  remarkable  property  of  steel  is  that  of  becoming  exceedingly 
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hard  when  quickly  cooled.  When  heated  to  redness,  and  suddenly 
quenched  in  cold  water,  steel,  in  fact,  becomes  capable  of  scratching  glass 
with  facility :  if  reheated  to  redness,  and  once  more  left  to  cool  slowly,  it 
again  becomes  nearly  as  soft  as  ordinary  iron ;  and  between  these  two  con- 
ditions, any  required  degree  of  hardness  may  be  attained.  The  articles, 
forged  into  shape,  are  first  hardened  in  the  manner  described ;  they  are 
then  tempered,  or  let  down  by  exposure  to  a  proper  degree  of  annealing  heat, 
which  is  often  judged  of  by  the  color  of  the  thin  film  of  oxide  which  ap- 
pears on  the  polished  surface.  Thus,  a  temperature  of  about  221°  C. 
(430°  F.),  indicated  by  a  faint  straw  color,  gives  the  proper  temper  for 
razors:  that  for  scissors,  penknives,  &c,  is  comprised  between  243°  C. 
(470°  F.)  and  264°  C.  (490°  F.),  and  is  indicated  by  a  full-yellow  or  brown 
tint  Swords  and  watch-springs  require  to  be  softer  and  more  elastic,  and 
most  be  heated  to  288°  C.  (660°  F.)  or  293°  C.  (560°  F.),  or  until  the  surface 
becomes  deep  blue.  Attention  to  these  colors  has  now  become  of  less  im- 
portance, as  metal  baths  are  often  substituted  for  the  open  fire  in  this 
operation. 


NICKEL. 

Atomic  weight,  58*8.    Symbol,  Ni. 

Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bearing 
reins  of  the  Saxon  mountains,  in  Westphalia,  Hessia,  Hungary,  and  Sweden, 
chiefly  as  arsenide,  the  kupferniekel  of  mineralogists,  so  called  from  its 
yellowish-red  color.  The  word  nickel  is  a  term  of  detraction,  having  been 
applied  by  the  old  German  miners  to  what  was  looked  upon  as  a  kind  of 
false  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused,  produot,  called  tpeus,  is 
nearly  the  same  substance,  and  may  be  employed  as  a  source  of  the  nickel- 
salts.    This  metal  is  found  in  meteoric  iron,  as  already  mentioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white  heat, 
in  a  crucible  lined  with  charcoal,  or  by  reducing  one  of  the  oxides  by 
means  of  hydrogen  at  a  high  temperature.  It  is  a  white,  malleable  metal, 
haying  a  density  of  8*8,  a  high  melting-point,  and  a  less  degree  of  oxida- 
bility  than  iron,  since  it  is  but  little  attacked  by  dilute  acids.  Nickel  is 
strongly  magnetic,  but  loses  this  property  when  heated  to  350°. 

Nickel,  from  its  resemblance  to  iron  and  cobalt,  is  regarded  as  a  tetrad, 
although  it  forms  only  one  chloride,  in  which  it  is  bivalent,  and  no  oxygen- 
salts  analogous  to  the  ferric  salts. 

Nickkl  Chloride,  Ni//CL?. — This  compound  is  easily  prepared  by  dis- 
sobing  oxide  or  carbonate  of  nickel  in  hydrochloric  acid.  A  green  solu- 
tion is  obtained  which  furnishes  crystals  of  the  same  color,  containing 
water.  When  rendered  anhydrous  by  heat,  the  chloride  is  yellow,  unless 
it  contains  cobalt,  in  which  case  it  has  a  tint  of  green. 

Nickel  Oxides.  —  Nickel  forms  two  oxides  analogous  to  the  two  principal 
oxides  of  iron. 

The  monoxide,  Ni^O*  is  prepared  by  henting  the  nitrate  to  redness,  or  by 
precipitating  a  soluble  nickel  salt  with  caustic  potash,  and  washing,  drying, 
and  igniting  the  apple-green  hydrated  oxide  thrown  down.  It  is  an  ashy- 
gray  powder,  freely  soluble  in  acids,  which  it  completely  neutralizes,  form- 
ing salts  isomorphous  with  those  of  magnesium  and  the  other  members  of 
the  same  group.  Nickel  salts,  when  hydrated,  have  usually  a  beautiful 
emerald-green  color ;  in  the  anhydrous  state  they  are  yellow. 
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The  sesquioxide,  Ni,Os,  is  a  black  insoluble  substance,  prepared  by  pass- 
ing chlorine  through  the  hydrated  monoxide  suspended  in  water ;  nickel 
chloride  is  then  formed,  and  the  oxygen  of  the  oxide  decomposed  is  trans- 
ferred to  a  second  portion.  It  is  also  produced  when  a  salt  of  nickel  is 
mixed  with  a  solution  of  bleaching-powder.  The  sesquioxide  is  decomposed 
by  heat,  and  evolves  chlorine  when  treated  with  hot  hydroohloric  acid. 

Nickel  Sulphate,  SO^Ni.TOH,. — This  is  the  most  important  of  the  nickel- 
salts.  It  forms  green  prismatio  crystals,  which  require  3  parts  of  cold  water 
for  solution.  Crystals  with  6  molecules  of  water  have  also  been  obtained. 
It  forms  with  the  sulphates  of  potassium  and  ammonium  beautiful  double 
salts,  (S04)?Ni^K.60Hr  and  (SOJ^i'^NHJ.eOH,,  isomorphous  with  the 
corresponding  magnesium  salts. 

When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  of  nickel,  a 
pale  bluish-green  precipitate  of  oxalate  falls  after  some  time,  very  little 
nickel  remaining  in  solution.  The  oxalate  can  thus  be  obtained  for  pre- 
paring the  metal. 

Nickel  Carbonate,  COsNi. — When  solutions  of  nickel  Bulphate  or  chlor- 
ide and  of  sodium  carbonate  are  mixed,  a  pale-green  precipitate  falls,  which 
is  a  combination  of  nickel  carbonate  and  hydrate.  It  is  readily  decomposed 
by  heat. 

Pure  nickel-salts  are  conveniently  prepared  on  the  small  scale  from  crude 
speiss  or  kupfernickel  by  the  following  process :  The  mineral  is  broken  into 
small  fragments,  mixed  with  from  one  fourth  to  half  its  weight  of  iron 
filings,  and  the  whole  dissolved  in  nitromuriatic  acid.  The  solution  is 
gently  evaporated  to  dryness,  the  residue  treated  with  boiling  water,  and 
the  insoluble  iron  arsenate  removed  by  a  filter.  The  liquid  is  then  acidu- 
lated with  bydrochlorio  acid,  treated  with  hydrogen  sulphide  in  excess, 
which  precipitates  the  copper,  and,  after  filtration,  boiled  with  a  little  nitric 
acid  to  bring  back  the  iron  to  the  state  of  sesquioxide.  To  the  cold  and 
largely  diluted  liquid  solution,  acid  sodium  carbonate  is  gradually  added, 
by  which  the  ferric  oxide  may  be  completely  separated  without  loss  of 
nickel-salt.  Lastly,  the  filtered  solution,  boiled  with  sodium  carbonate  in 
excess,  yields  an  abundant  pale-green  precipitate  of  nickel  carbonate,  from 
which  all  the  other  compounds  may  be  prepared. 

The  precipitate  thus  obtained  may  still,  however,  contain  cobalt,  the 
separation  of  which  is  not  very  easy.  Several  methods  of  separating  these 
metals  have  been  proposed,  the  best  of  which  is,  perhaps,  that  of  H.  Rose. 
The  mixed  oxides  or  carbonates  being  dissolved  in  excess  of  hydrochloric 
acid,  the  solution,  largely  diluted  with  water,  is  super-saturated  with  chlor- 
ine gas,  whereby  the  cobalt  monoxide  is  converted  into  sesquioxide,  while 
the  nickel  monoxide  remains  unaltered.  The  liquid  is  next  mixed  with 
excess  of  recently  precipitated  barium  carbonate,  left  to  stand  for  twelve 
to  eighteen  hours,  and  shaken  up  from  time  to  time.  The  whole  of  the  cobalt 
is  thereby  thrown  down  as  sesquioxide,  while  the  nickel  remains  in  solu- 
tion, and  may  be  precipitated  as  hydrate  by  potash,  after  the  barium  also 
contained  in  the  solution  has  been  removed  by  precipitation  with  sulphuric 
acid.* 

Nickel-salts  are  well  characterized  by  their  behavior  with  reagents. 

Caustic  alkalies  give  a  pnle  apple-green  precipitate  of  hydrate,  insoluble 
in  excess.  Ammonia  affords  a  similar  precipitate,  which  is  soluble  in  excess, 
with  deep  purplish-blue  color.  Potassium  and  sodium  carbonates  give  pale- 
green  precipitates.  Ammonium  carbonate,  a  similar  precipitate,  soluble  in 
excess,  with  blue  color.     Potassium  ferrocyanide  gives  a  greenish -white  pre- 

•  For  other  raodea  of  separating  nickel  and  cobalt, see  Qmelin's  Handbook,  vol.  v.  pp.  366-300; 
and  Watt**  Dictionary  of  Chemtotry,  vol.  i.  p.  1046, 
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eipitate.  Potassium  cyanide  produces  a  green  precipitate,  which  dissolves  in 
an  excess  of  the  precipitant  to  an  amber-colored  liquid,  and  is  reprecipitated 
by  an  addition  of  hydrochloric  acid.  Hydrogen  sulphide  occasions  no  change, 
if  the  nickel  be  in  combination  with  a  strong  acid.  Ammonium  sulphide  pro- 
duces a  black '  precipitate  of  nickel  sulphide,  which  dissolves  slightly  in 
excess  of  tho  precipitant  with  dark-brown  color.  Nickel  sulphide  when 
once  precipitated  is  insoluble  in  dilute  hydrochloric  acid ;  it  is  soluble  in 
nitromuriatic  and  in  hot  nitric  acid. 

The  chief  use  of  nickel  in  the  arts  is  in  the  preparation  of  a  white  alloy, 
sometimes  called  German  silver,  made  by  melting  together  100  parts  of  cop- 
per, 60  of  xinc,  and  40  of  nickel.  This  alloy  is  very  malleable,  and  takes  a 
high  polish. 


COBALT. 

Atomic  weight,  58*8.    Symbol,  Co. 

This  substance  bears,  in  many  respects,  a  close  resemblanoe  to  nickel :  11 
is  often  associated  with  the  latter  in  nature,  and  may  be  obtained  from  its 
compounds  by  similar  means. 

A  cobalt-salt  free  from  nickel  may  be  prepared  by  Rose's  process  just 
described.  The  precipitate,  consisting  of  cobalt  -sesquioxide  mixed  with 
barium  carbonate,  is  boiled  with  hydrochloric  acid  to  reduce  the  cobalt 
sesquioxide  to  monoxide,  and  dissolve  it  as  a  chloride  together  with  the 
barium.  The  latter  metal  is  then  precipitated  by  sulphuric  acid,  and  from 
the  filtered  liquid  the  cobalt  may  be  precipitated  as  hydrate  by  potash. 
A  solution  of  cobalt  free  from  nickel  may  also  be  obtained  by  precipitating 
the  mixed  solution  with  oxalic  acid ;  the  whole  of  the  nickel  is  thereby 
precipitated,  together  with  a  small  portion  of  the  cobalt,  leaving  pure 
cobalt  in  solution. 

Cobalt  is  a  white,  brittle,  very  tenacious  metal,  having  a  specific  gravity 
of  8*5,  and  a  very  high  melting-point.  It  is  unchanged  in  the  air,  and  but 
feebly  attacked  by  dilute  hydrochloric  and  sulphuric  acids.  It  is  strongly 
magnetic. 

Cobalt  forms  two  classes  of  salts,  analogous  in  composition  to  the  ferroui 
and  ferric  salts ;  but  the  cobaltic  salts,  in  which  the  metal  is  apparently 
trivalent,  are  very  unstable. 

Chlorides. — The  diehloride  or  Cobaltous  chloride,  Co^Cl,,  is  easily  pre- 
pared by  dissolving  the  oxide  in  hydrochloric  acid ;  or  it  may  be  prepared 
directly  from  cobalt-glance,  the  native  arsenide,  by  a  process  exactly  similar 
to  that  described  in  the  case  of  nickel.  It  forms  a  deep  rose-red  solution, 
which,  when  sufficiently  strong,  deposits  hydrated  crystals  of  the  same 
color:  when  the  liquid  is  evaporated  by  heat  to  a  very  small  bulk,  it  de- 
posits anhydrous  crystals,  which  are  blue:  these  latter  by  contact  with 
water  again  dissolve  to  a  red  liquid.  A  dilute  solution  of  cobalt  chloride 
constitutes  the  well-known  blue  sympathetic  ink:  characters  written  on  paper 
with  this  liquid  are  invisible,  from  their  paleness  of  color,  until  the  salt 
has  been  rendered  anhydrous  by  exposure  to  heat,  when  the  letters  appear 
blue.  On  laying  it  aside,  moisture  is  absorbed,  and  the  writing  once  more 
disappears.  Green  sympathetic  ink  is  a  mixture  of  the  chlorides  of  cobalt 
and  nickel. 

The  trichloride,  or  Cobaltic  chloride,  CoJOl^  is  obtained  in  solution  by  dis- 
solving the  sesquioxide  in  hydrochloric  acid,  and  in  small  quantity  by 
taturating  a  solution  of  the  diehloride  with  chlorine  gas.     The  liquid  has 
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a  dark-brown  color,  but  easily  decomposes,  giving  off  chlorine  and  tearing 
the  rose-colored  dichloride. 

Oxides. — Cobalt  forms  two  oxides  analogous  to  those  of  nickel,  also  two 
or  three  of  intermediate  composition  but  not  very  well  defined.  The  mon- 
oxide, or  Cobaltous  oxide,  Co"0,  is  a  gray  powder,  very  soluble  in  acids,  and 
is  a  strong  base,  isomorphous  with  magnesia,  affording  salts  of  a  fine  red 
tint.  It  is  prepared  by  precipitating  cobaltous  sulphate  or  chloride  with 
sodium  carbonate,  and  washing,  drying,  and  igniting  the  precipitate.  When 
the  cobalt-solution  is  mixed  with  caustic  potash,  a  beautiful  blue  precipitate 
falls,  which,,  when  heated,  becomes  violet,  and  at  length  dirty  red,  from  ab- 
sorption of  oxygen  and  a  change  in  the  state  of  hydration. 

The  scsquioxide,  or  Cobaltic  oxide,  COjOg,  is  a  black,  insoluble,  neutral 
powder,  obtained  by  mixing  solutions  of  cobalt  and  chloride  of  lime.  It 
dissolves  in  acids,  yielding  the  cobalt  ic  salts. 

Cobaltoso-cobaltic  oxide,  Cos04,  analogous  to  the  magnetic  oxide  of  iron,  is 
formed  when  cobaltous  nitrate  or  oxalate,  or  hydrated  cobaltic  oxide,  is 
heated  in  contact  with  the  air.     According  to  Fremy,  it  is  a  salifiable  base. 

Another  oxide,  of  acid  character,  is  said  to  be  obtained  in  the  form  of  a 
potassium  salt  by  fusing  the -monoxide  or  scsquioxide  with  potassium  hy- 
drate. A  crystalline  salt  is  thus  formed  consisting,  according  to  Schwarxen- 
berg,  of  3Co,0B.K,0.  8Aq. 

Cobaltous  Sulphate,  S04Co//.70Hr — This  salt  forms  red  crystals,  re- 
quiring for  solution  24  parts  of  cold  water:  they  are  identical  in  form  with 
those  of  magnesium  sulphate.  It  combines  with  the  sulphates  of  potassium 
and  ammonium,  forming  double  salts,  which  contain,  as  usual,  6  molecules 
of  water. 

A  solution  of  oxalic  acid  added  to  cobaltous  sulphate  occasions,  after  some 
time,  the  separation  of  nearly  the  whole  of  the  base  in  the  state  of  oxalate. 

Cobaltous  Carbonate. — The  alkaline  carbonates  produce  in  solutions 
of  cobalt  a  pale  peach-blossom-colored  precipitate  of  combined  carbonate 
and  hydrate,  containing  3  CoIIsO,  2C08Co. 

Ammoniacal  Cobalt  Compounds. — Cobaltous  salts  treated  with  ammonia 
in  a  vessel  protected  from  the  air,  unites  with  the  ammonia,  forming  com- 
pounds which  may  be  called  ammonio-cobaltout  talis.  Most  of  them  contain 
6  molecules  of  ammonia  to  1  molecule  of  the  cobalt  salt ;  thus  the  chloride 
contains  CoClr6NH,.  Aq. ;  the  nitrate,  CofNOj^GNHg.  2  Aq.  They  are 
generally  crystallizable  and  of  a  roBe -color,  soluble  without  decomposition 
in  ammonia,  but  decomposed  by  water,  with  formation  of  a  basic  salt  H. 
Rose,  by  treating  dry  cobalt  chloride  with  ammonia-gas,  obtained  the  com- 
pound CoClr4NH8;  and  in  like  manner  an  ammonio-sulphate  has  been 
formed  containing  S04Co.6NH.. 

When  an  ammoniacal  solution  of  cobalt  is  exposed  to  the  air,  oxygen  is 
absorbed,  the  liquid  turns  brown,  and  new  salts  are  formed  containing  a 
higher  oxide  of  cobalt  (either  Co.Os  or  CoOA  and  therefore  designated 
generally  as  peroxidized  ammonio-cobalt  salts.  Several  of  them,  containing 
different  bases,  are  often  formed  at  the  same  time. 

Most  of  the  peroxidized  ammonio-cobalt  salts  are  composed  of  cobaltic 
salt 8  united  with  two  or  more  molecules  of  ammonia.  The  composition  of 
the  normal  salts  may  be  illustrated  by  the  chlorides,  as  in  the  following 
table:  — 

Tetrammonio-cobnltic  chloride       .        .    CotC\€ .     4NHS 
Hexammonio-oobaltic  chloride   .        .        Co,Cl€  .    6NH, 
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Octammonio-cobaltio  (or  fusco-cobaltio) 

chloride Co^ .     8NH, 

Decammonio-cobaltio  (roseo-  and  pur- 
pureo-cobaltic)  chloride     .        .        .     CoaCl6 .  10NH, 

Dodecammonio-cobaltic  (or  luteo-cobal- 
tic)  chloride Co,Cl€ .  12NHS. 

The  formulae  of  the  corresponding  normal  nitrates  are  deduced  from  the 
preceding  by  substituting  NO,  for  Gl ;  those  of  the  sulphates,  oxalates,  and 
other  bibasic  salts,  by  substituting  S04.  Ca04,  &c,  for  Clr  Thus  decammonio- 
cobaltic  sulphate  =  Co2(SO4)s.10NHs.  There  are  also  several  acid  and  basio 
sat*  of  the  same  ammonia-molecules.  Further,  there  is  a  class  of  salts  con- 
taining the  elements  of  nitrogen  dioxide  or  nit  rosy  I,  NO,  in  addition  to  nm- 
monia,  e.  y.,  decammonio-nitroso-obaltic  or  zantho-cobaltic  oxychloride,  Co,Cl40. 
10NHrN1Or  Lastly,  Frlmy  has  obtained  ammoniacal  compounds  (ozy- 
cobaUie  talis)  containing  salts  of  cobalt  corresponding  to  the  dioxide.* 


Cobaltous  salts  have  the  following  characters: 

Solution  of  potash  gives  a  blue  precipitate,  changing  by  heat  to  violet  and 
red.  Ammonia  gives  a  blue  precipitate,  soluble  with  difficulty  in  excess, 
with  brownish-red  color.  Sodium  carbonate  affords  a  pink  precipitate.  Am- 
monium carbonate  a  similar  compound,  soluble  in  excess.  Potassium  ferro- 
cyanide  gives  a  grayish-green  preoipitate.  Potassium  cyanide  affords  a  yel- 
lowish-brown precipitate,  which  dissolves  in  an  excess  of  the  precipitant. 
The  clear  solutions,  after  boiling,  may  be  mixed  with  hydrochloric  acid 
without  giving  a  precipitate.  Hydrogen  sulphide  produces  no  change,  if  the 
cobalt  be  in  combination  with  a  strong  acid.  Ammonium  sulphide  throws 
down  black  sulphide  of  cobalt,  insoluble  in  dilute  hydrochloric  acid. 

Coballic  salts,  formed  by  dissolving  cobaltic  oxide  in  acids,  give  with 
potash  a  dark-brown  precipitate  of  hydrated  cobaltic  oxide ;  with  ammonia 
a  brownish-red  solution;  with  the  fixed  alkaline  carbonates  a  green  solution, 
which  deposits  a  small  quantity  of  cobaltic  oxide ;  with  ammonium  sulphide 
(after  saturation  of  the  free  acid  by  ammonia)  a  black  precipitate. 


Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  color  it  communi- 
cates to  glass :  indeed,  this  is  a  character  by  which  its  presence  may  be  most 
easily  detected,  a  very  small  portion  of  the  substance  to  be  examined  being 
fused  with  borax  on  a  loop  of  platinum  wire  before  the  blowpipe ;  the  pro- 
duction of  this  color  both  in  the  inner  and  in  the  outer  flame  distinguishes 
cobalt  from  all  other  metals. 

The  substance  called  smalt,  used  as  a  pigment,  consists  of  glass  colored 
by  cobalt:  it  is  thus  made: — The  cobalt  ore  is  roasted  until  nearly  free 
from  arsenic,  and  then  fused  with  a  mixture  of  potassium  carbonate  and 
quarts-sand,  free  from  oxide  of  iron.  Any  nickel  that  may  happen  to 
be  contained  in  the  ore  then  subsides  to  the  bottom  of  the  crucible  as  arsen- 
ide :  this  is  the  speiss  of  which  mention  has  already  been  made.  The  glass, 
when  complete,  is  removed  and  poured  into  cold  water :  it  is  afterwards 
ground  to  powder  and  elutriated.  Cobalt-ultramarine'  is  a  fine  blue  color 
prepared  by  mixing  16  parts  of  freshly-precipitated  alumina  with  2  parts  of 
cobalt  phosphate  or  arsenate :  this  mixture  is  dried  and  slowly  heated  to  red- 
ness. By  daylight  the  color  is  pure  blue,  but  by  artificial  light  it  is  violet. 
A  similar  compound,  of  a  fine  green  color,  is  formed  by  igniting  zinc  oxide 
with  cobalt-salts.   Zaffer  is  the  roasted  cobalt  ore  mixed  with  siliceous  sand, 

*  For  the  preparation  and  properties  of  all  these  salts,  see  Watts*s  Dictionary  of  Chemistry, 
wl.  I.  p.  1061.  Their  rational  formula  are  similar  to  those  of  the  ammoniacal  platinum  salts 
(p-37ft). 
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and  reduced  to  fine  powder ;  it  is  used  in  enamel  painting.  A  mixture  in 
due  proportions  of  the  oxides  of  cobalt,  manganese,  and  iron  is  used  for 
giving  a  fine  black  color  to  glass. 


Atomic  weight,  55.     8ymbol,  Mn. 

Manqanesb  is  tolerably  abundant  in  nature  in  an  oxidiied  state,  forming, 
or  entering  into  the  composition  of,  several  interesting  minerals.  Trices 
of  this  substance  are  very  frequently  found  in  the  ashes  of  plants. 

Metallic  manganese,  or  perhaps,  strictly,  manganese  carbonide,  may  be 
prepared  by  the  following  process :  —  The  carbonate  is  calcined  in  an  open 
vessel,  by  which  it  becomes  converted  into  a  dense  brown  powder :  this  is 
intimately  mixed  with  a  little  charcoal,  and  about  one-tenth  of  its  weight 
of  anhydrous  borax.  A  charcoal  crucible  is  next  prepared  by  filling  & 
Hessian  or  Cornish  crucible  with  moist  charcoal  powder,  introduced  a  little 
at  a  time,  and  rammed  as  hard  as  possible.  A  smooth  cavity  is  then  scooped 
in  the  centre,  into  which  the  above-mentioned  mixture  is  compressed,  and 
covered  with  charcoal  powder.  The  lid  of  the  crucible  is  then  fixed,  and 
the  whole  arranged  in  a  very  powerful  wind-furnace.  The  heat  is  slowly 
raised  until  the  crucible  becomes  red-hot,  after  which  it  is  urged  to  its 
maximum  for  an  hour  or  more.  When  cold,  the  crucible  is  broken  up,  and 
the  metallic  button  of  manganese  extracted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  pure  manganese 
oxide  with  an  insufficient  quantity  of  sugar  charcoal  in  a  crucible  made  of 
caustic  lime.  Thus  prepared,  metallic  manganese  possesses  a  reddish  lustre 
like  bismuth ;  it  is  very  hard  and  brittle,  and,  when  powdered,  decomposes 
water,  even  at  the  lowest  temperature.  Dilute  sulphuric  acid  dissolves  it 
with  great  energy,  evolving  hydrogen.  Brunner  produced  metallic  man- 
ganese from  manganese  and  sodium  fluoride  by  means  of  sodium.  The 
metal  obtained  by  this  process  scratches  glass  and  hardened  steel,  and  has 
a  specific  gravity  of  7*18. 

Manganese,  from  its  general  relations  to  the  metals  of  the  iron  group,  is 
usually  regarded  as  a  tetrad,  forming  a  dichloride  and  trichloride  analogous 
to  the  iron  chlorides,  together  with  oxides  and  other  compounds  of  corre- 
sponding constitution.  It  is  also  said  to  form  a  heptachloride,  Mn.Cl.4,  or 
MnClT 

,  according  to  which  it  should  be  regarded  as  an  octad ;  but  the  com- 

nClT 
position  of  this  compound  is  not  very  well  established. 

Manganese  Chlorides.  —  The  dichloride  or  Manganous  chloride  may  be 
prepared  in  a  Btute  of  purity  from  the  dark -brown  liquid  residue  of  the 
preparation  of  chlorine  from  manganese  dioxide  and  hydrochloric  acid, 
which  often  accumulates  in  the  laboratory  to  a  considerable  extent  in  the 
course  of  investigation:  from  the  pure  chloride,  the  carbonate  and  all 
other  salts  can  be  conveniently  obtained.  The  liquid  referred  to  consists 
chiefly  of  the  mixed  chlorides  of  manganese  and  iron ;  it  is  filtered,  evapo- 
rated to  perfect  dryness,  and  the  residue  is  slowly  heated  to  dull  ignition  in 
an  earthen  vessel,  with  constant  stirring.  The  iron  chloride  is  thus  either 
volatilized,  or  convened  by  the  remaining  water  into  insoluble  sesquioxide, 
while  the  manganese  salt  is  unaffected.  On  treating  the  grayish-looking 
powder  thus  obtained  with  water,  the  manganese  chloride  is  dissolved  out, 
and  may  be  separated  by  filtration  from  the  iron  oxide.  Should  a  trace  of 
the  latter  yet  remain,  it  may  be  got  rid  of  by  boiling  the  liquid  for  a  few 
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minutes  with  a  little  manganese  carbonate.  The  solution  of  the  chloride 
has  usually  a  delicate  pink  color,  which  becomes  very  manifest  when  the 
salt  is  evaporated  to  dryness.  A  strong  solution  deposits  rose-colored  ta- 
bular crystals,  which  contain  4  molecules  of  water ;  they  are  very  soluble 
and  deliquescent.  The  chloride  is  fusible  at  a  red-heat,  is  decomposed 
slightly  at  that  temperature  by  contact  with  air,  and  is  dissolved  by  alco- 
hol, with  which  it  forms  a  crystallisable  compound. 

The  trichloride,  or  Manganic  chloride,  Mn„Cle,  is  formed  when  precipitated 
manganese  oxide  is  immersed  in  cold  dilute  hydrochloric  acid,  the  oxide 
then  dissolving  quietly  without  evolution  of  gas.  Heat  decomposes  the 
trichloride  into  the  monochloride  and  free  chlorine. 

Heptachloride,  Mn,ClM(?). —  When  potassium  permanganate  is  dissolved 
in  strong  sulphuric  acid,  and  fused  sodium  chloride  is  added  by  small 
portions  at  a  time,  a  greenish-yellow  gas  is  given  off,  which  condenses  at  0° 
to  a  greenish-brown  liquid.  This  compound,  when  exposed  to  moist  air, 
gives  off  fumes  colored  purple  by  permanganic  acid,  and  is  instantly  de- 
composed by  water  into  permanganic  and  hydrochloric  acids.  It  is  regarded 
by  Dumas,  who  discovered  it,  as  the  heptaohloride  of  manganese ;  but  H. 
Rose  regards  it  as  an  oxychloride,  MnCl2Op  analogous  to  chromio  oxy- 
chloride,  a  view  which  is  corroborated  by  its  mode  of  formation. 

Fluorides  of  manganese  have  been  formed  analogous  to  each  of  these  chlor- 
ides. 

Maxgavesb  Oxides. — Manganese  forms  four  well-defined  oxides,  con* 
stituted  as  follows :  — 

Monoxide,  or  Manganous  oxide         ....     MnO 
Trimangano-tetroxide,  or  Manganoso-manganio  oxide    Mnt04 
Seaqui oxide,  or  Manganic  oxide   ....  Mn,Ot 

Dioxide  or  Peroxide MnO,. 

The  first  is  a  strong  base,  the  third  a  weak  base;  the  second  and  fourth 
are  neutral;  the  second  may  be  regarded  as  a  compound  of  the  first  and 
third,  MnO.Mn,Or  There  are  also  several  oxideB  intermediate  between 
the  monoxide  and  dioxide,  occurring  as  natural  minerals  or  ores  of  manga- 
nese. Manganese  likewise  forms  two  series  of  oxygen  salts,  called  manga- 
Mtei  and  permanganates,  the  composition  of  which  may  be  illustrated  by 
the  potassium  salts,  viz. : 

Potassium  manganate  .        .     Mn04K.   =  Mn03,OKa 

Potassium  permauganate        .  Mn,08Ka  ==  Mn,0T.OK,. 

The  oxides,  MnO,  and  MnsOr  corresponding  to  these  salts,  are  not  known. 

Monoxide  or  Manganous  oxide,  MnO.  —  When  manganese  carbonate  is  heated 
in  a  stream  of  hydrogen  gas,  or  vapor  of  water,  carbon  dioxide  is  disen- 
gaged, and  a  greenish  powder  left  behind,  which  is  the  monoxide.  Pre- 
pared at  a  dull  red  heat  only,  the  monoxide  is  so  prone  to  absorb  oxygen 
from  the  air,  that  it  cannot  be  removed  from  the  tube  without  change;  but 
when  prepared  at  a  higher  temperature,  it  appears  more  stable.  This  oxide 
is  a  very  powerful  base,  being  isomorphous  with  magnesia  and  zinc  oxide ; 
it  dissolves  quietly  in  dilute  acids,  neutralizing  them  completely  and  form- 
ing salts,  which  have  often  a  beautiful  pink  color.  When  alkalies  are  added 
to  solutions  of  these  compounds,  the  white  hydrated  oxide  first  precipitated 
speedily  becomes  brown  by  passing  into  a  higher  state  of  oxidation. 

Setquiozide  or  Manganic  oxide,  Mn208.  —  This  compound  occurs  in  nature 
w  braunite,  and  in  the  state  of  hydrate  as  manganite :  a  very  beautiful 
crystallized  variety  is  found  at  Ilefeld,  in  the  Harts.  It  is  produced 
artificially,  by  exposing  the  hydrated  monoxide  to  the  air,  and  forms 
the  principal  part  of  the  residue  left  in  the  iron  retort  when  oxygen  gas  is 
prepared  by  exposing  the  native  dioxide  to  a  moderate  red-heat.     The 


412  TETRAD  METALS. 

color  of  the  sesquioxide  is  brown  or  black,  according  to  its  origin  or  mode 
of  preparation.  It  is  a  feeble  base,  isomorphous  with  alumina :  for,  when 
gently  heated  with  diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which, 
on  the  addition  of  potassium  or  ammonium  sulphate,  deposits  octobedral 
crystals  haying  a  constitution  similar  to  that  of  common  alum :  these  are, 
however,  decomposed  by  water.  Strong  nitric  acid  resolves  this  oxide  into 
a  mixture  of  monoxide  and  dioxide,  the  former  dissolving,  and  the  latter 
remaining  unaltered;  while  hot  oil  of  vitriol  destroys  it  by  forming  man- 
ganous  sulphate  and  liberating  oxygen  gas.  On  heating  it  with  hydro- 
chloric acid,  chlorine  is  evolved,  as  with  the  dioxide,  but  in  smaller  amount 

Dioxide,  MnOr  —  Peroxide  of  manganew.  Pyrolxuite.  — The  most  common 
ore  of  manganese ;  it  is  found  both  massive  and  crystallized.  It  may  be 
obtained  artificially  in  the  anhydrous  state  by  gently  calcining  the  nitrate, 
or  in  combination  with  water,  by  adding  solution  of  bleaching-powder  to  a 
salt  of  the  monoxide.  Manganese  dioxide  has  a  black  color,  is  insoluble  in 
water,  and  refuses  to  unite  with  acids.  It  is  decomposed  by  hot  hydro- 
chloric acid  and  by  oil  of  vitriol  in  the  same  manner  as  the  sesquioxide. 

As  this  substance  is  an  article  of  commerce  of  considerable  importance, 
being  used  in  very  large  quantity  for  making  chlorine,  and  as  it  is  subject 
to  great  alteration  of  value  from  admixture  of  the  sesquioxide  and  several 
impurities,  it  becomes  desirable  to  possess  means  of  assaying  different  sam- 
ples that  may  be  presented,  with  a  view  of  testing  their  fitness  for  the  pur- 
poses of  the  manufacturer.  One  of  the  best  and  most  convenient  methods 
is  the  following: — 60  grains  of  the  mineral,  reduced  to  very  fine  powder, 
are  put  into  the  little  vessel  employed  in  the  analysis  of  carbonates  (p.  306), 
together  with  about  half  an  ounce  of  cold  water,  and  100  grains  of  strong 
hydrochloric  acid ;  60  grains  of  crystallised  oxalic  acid  are  then  added,  the 
cork  carrying  the  drying  tube  is  fitted,  and  the  whole  quickly  weighed  or 
counterpoised.  The  application  of  a  gentle  heat  suffices  to  determine  the 
action ;  the  oxalic  acid  is  oxidized  into  water  and  carbon  dioxide,  which 
escapes  as  gas  while  the  manganese  remains  in  solution  as  manganous 
chloride: 

MnO,    +    C.O.H,    +    2HC1    =    MnCl,    +    20H,    +    2CO, 

Manganeae  Oxalic  Manganese  Carbon 

dioxide.  acid.  chloride.  dioxide. 

This  equation  shows  that  every  two  molecules  of  carbon  dioxide  evolved 
correspond  to  one  molecule  of  manganese  dioxide  decomposed.  Now  the 
molecular  weight  of  this  oxide,  87,  is  So  nearly  equal  to  twice  that  of  car- 
bon dioxide,  44,  that  the  loss  of  weight  suffered  by  the  apparatus  when  the 
reaction  has  become  complete,  and  the  residual  gas  has  been  driven  off  by 
momentary  ebullition,  may  be  taken  to  represent  the  quantity  of  real 
dioxide  in  the  60  grains  of  the  sample.  It  is  obvious  that  the  apparatus  of 
Will  and  Freseniua,  described  at  page  807,  may  also  be  used  with  advantage 
in  this  process. 

Trimango-teiroxide,  or  Red  manganese  oxide,  Mn,04,  or  probably  MnO.Mn^O,. 
This  oxide  is  also  found  native,  as  hausmannite,  and  is  produced  artifi- 
cially by  heating  the  dioxide  or  sesquioxide  to  whiteness,  or  by  exposing 
the  monoxide  or  oarbonate  to  a  red  heat  in  an  open  vessel.  It  is  a  reddish- 
brown  substance,  inoapable  of  forming  salts,  and  acted  upon  by  acids  in 
the  same  manner  as  the  two  other  oxides  already  described.  Borax  and 
glass  in  the  fused  state  dissolve  this  substance,  and  acquire  the  color  of  the 
amethyst. 

Varvicite,  Mn4OrOH,  or  Mn0.3MnOrOHr  is  a  natural  mineral,  discovered 
by  Mr.  Phillips  among  certain  specimens  of  manganese  ore  from  Warwick- 
shire :  it  has  also  been  found  at  Ilefeld.  It  much  resembles  the  dioxide, 
but  is  harder  and  more  brilliant.  By  a  strong  heat,  varvicite  is  converted 
into  red  oxide,  wi'v  "        -"^»nl  of  aqueous  vapor  and  oxygen  gas. 
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Several  other  oxides,  intermediate  in  composition  between  the  monoxide 
and  dioxide,  also  occur  native;  they  are  probably  mere  mixtures,  and  in 
many  cases  the  monoxide  is  more  or  less  replaced  by  the  corresponding 
oxides  of  iron,  cobalt,  and  copper. 

Mangakous  Sulphate,  S04Mn.70H,=SOs.Mn0.70Hr — A  beautiful  rose- 
colored  and  very  soluble  salt,  isomorphous  with  magnesium  sulphate.  It 
is  prepared  on  the  large  scale  for  the  use  of  the  dyer,  by  heating  in  a  close 
vessel  manganese  dioxide  and  coal,  and  dissolving  the  impure  monoxide 
thus  obtained  in  sulphuric  acid,  with  addition  of 'a  little  hydrochloric  acid 
towards  the  end  of  the  process.  The  solution  is  evaporated  to  dryness,  and 
again  exposed  to  a  red  heat,  by  which  ferric  sulphate  is  decomposed. 
Water  then  dissolves  out  the  pure  manganese  sulphate,  leaving  ferric  oxide 
behind.  The  salt  is  used  to  produco  a  permanent  brown  dye,  the  cloth 
steeped  in  the  solution  being  afterwards  passed  through  a  solution  of 
bleaching-powder,  by  which  the  monoxide  is  changed  to  insoluble  hydrate 
of  the  dioxide.  Manganese  sulphate  sometimes  crystallizes  with  5  mole- 
cules of  water.  It  forms  a  double  salt  with  potassium  sulphate,  containing 
(S04),Mn"Ka.6OHr 

Manganese  Carbonate,  COsMn//  =  C02Mn"0. — Prepared  by  precipi- 
Uting  the  dichloride  with  an  alkaline  carbonate.  It  is  an  insoluble  white 
powder,  sometimes  with  a  buff-colored  tint.  Exposed  to  heat,  it  loses  carbon 
dioxide  and  absorbs  oxygen. 

Manganates. — When  an  oxide  of  manganese  is  fused  with  potash,  oxygen 
is  taken  up  from  the  air,  and  a  deep  green  saline  mass  results,  which  con- 
tains potassium  manganate,  Mn04K2  or  Mn09.OK,.  The  addition  of  potas- 
sium nitrate,  or  chlorate,  facilitates  the  reaction.  Water  dissolves  this 
compound  very  readily,  and  the  solution,  concentrated  by  evaporation  in  a 
vacuum,  yields  green  crystals.  Barium  manganate,  Mn04Ba",  is  formed  in 
a  similar  manner. 

Permanganates. — When  potassium  manganate,  free  from  any  great  ex- 
cess of  alkali,  is  put  into  a  large  quantity  of  water,  it  is  resolved  into  hy- 
drated  manganese  dioxide  which  subsides,  and  potassium  permanganate, 
Mn2OaKr  or  Mn2OrOK2,  which  remains  in  solution,  forming  a  deep-purple 
liquid : 

8Mn04K2  +  20H2  =  MnOB  +  40KH  +  Mn2OtK2. 

This  effect  is  accelerated  by  heat.  The  changes  of  color  accompanying 
this  decomposition  are  very  remarkable,  and  have  procured  for  the  manga- 
nate the  name  mineral  chameleon ;  excess  of  alkali  hinders  the  reaction  in 
some  measure,  by  conferring  greater  stability  on  the  manganate.  Potas- 
sium permanganate  is  easily  prepared  on  a  considerable  scale.  Equal 
parts  of  very  finely  powdered  manganese  dioxide  and  potassium  chlorate 
are  mixed  with  rather  more  than  one  part  of  potassium  hydrate  dissolved 
in  a  little  water,  and  the  whole  is  exposed,  after  evaporation  to  dryness,  to 
« temperature  just  short  of  ignition.  The  mass  is  treated  with  hot  water, 
the  insoluble  oxide  separated  by  decantation,  and  the  deep-purple  liquid 
concentrated  by  heat,  until  crystals  form  upon  its  surface :  it  is  then  left  to 
cool.  The  crystals  have  a  dark-purple  color,  and  are  not  very  soluble  in 
cold  water.  The  manganates  and  permanganates  are  decomposed  by  con- 
tact with  organic  matter:  the  former  are  said  to  be  isomorphous  with  the 
Bnlphates,  and  the  latter  with  the  perchlorates.  The  green  and  red  disin- 
fecting agents,  known  as  Condy's  fluids,  are  alkaline  manganates  and  per- 
manganates. 
Hydrogen  permanganate,  or  Permanganic  acid,  Mna08Hr  is  obtained  by  dis- 

35* 
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solving  potassium  permanganate  in  hydrogen  sulphate  (804H2)  diluted  with 
one  molecule  of  water,  and  distilling  the  solution  at  60°-70°.  Permanganic 
acid  then  passes  over  in  violet  vapors,  and  condenses  to  a  greenish-black 
liquid,  which  has  a  metallic  lustre,  absorbs  moisture  greedily  from  the  sir, 
and  acts  as  a  most  powerful  oxidising  agent,  instantly  setting  fire  to  paper 
and  to  alcohol.* 

Manganous  salts  are  very  easily  distinguished  by  reagents.  The  fitd 
caustic  alkalies  and  ammonia  give  white  precipitates,  insoluble  in  excew, 
quickly  becoming  brown.  The  carbonates  of  the  fixed  alkalies,  and  carbonate 
of  ammonia,  give  white  precipitates,  but  little  subject  to  change,  and  insolu- 
ble in  excess  of  carbonate  of  ammonia.  Hydrogen  sulphide  gives  no  preci- 
pitate, but  ammonium  sulphide  throws  down  insoluble  flesh -colored  sulphide 
of  manganese,  which  is  very  characteristic  Potassium  ferrocyanide  give*  a 
white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe :  it  gives  with  borax 
an  amethyst-colored  bead  in  the  outer  or  oxidising  flame,  and  a  colorlws 
one  in  the  inner  flame.  Heated  upon  platinum  foil  with  sodium  carbonate, 
it  yields  a  green  mass  of  sodium  manganate. 


TTBAJIUM. 
Atomic  weight,  120.    Symbol,  U. 

This  metal  Is  found  in  a  few  minerals,  as  pitchblende,  which  is  an  oxide. 
and  uranite,  which  is  a  phosphate ;  the  former  is  its  principal  ore.  The 
metal  itself  is  isolated  by  decomposing  the  chloride  with  potassium  or 
sodium,  and  is  obtained  as  a  black  coherent  powder,  or  in  fused  white 
malleable  globules,  according  to  the  manner  in  which  the  process  is  con- 
ducted. It  is  permanent  in  the  air  at  ordinary  temperatures,  and  docs  sot 
decompose  water ;  but  in  the  pulverulent  state  it  takes  fire  at  207°,  burning 
with  great  splendor  and  forming  a  dark-green  oxide.  It  unites,  also,  rery 
violently  with  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds :  vis.,  the  uranous  compounds, 
in  which  it  is  bivalent,  e.g.,  U"Clr  U"0,  U"S04,  &c,  and  the  uranie  com- 
pounds, in  which  it  is  apparently  trivalent,  like  iron  in  the  ferric  com- 
pounds, e.  g. : 

V'"fi"p    U"',0"fCl,.    V"'P"t{X09)r    TJ'"aO",(S04)". 

There  are  also  two  oxides  intermediate  between  uranous  and  uranic  oxide- 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  uranic 
oxide,  such  as  U,C1€ ;  neither  are  there  any  normal  uranic  oxysalts  analo- 
gous to  the  normal  ferric  salts,  such  as  U'"a(NO,)6,  U///,(S04)//,,  &c. ;  but 
all  the  uranio  salts  contain  the  group  U,Or  which  may  be  regarded  as  * 
bivalent  radical  (uranyl),  uniting  with  acids  in  the  usual  proportions  and 
forming  normal  salts ;  thus : 

Uranic  oxide  or  Uranyl  oxide  .        .        .     (11,0,) "0_ 

Uranic  oxyohloride  or  Uranyl  chloride        .         (^fit]  " 


(U202)"CL 

(WW 
UA)"(S04)>'. 


Uranic  nitrate  or  Uranyl  nitrate 
Uranio  sulphate  or  Uranyl  sulphate 

This  view  of  the  composition  of  the  uranic  salts  is  not,  however,  essential, 
•  Terrell,  Bulletin  de  la  SocUtt  Chimiqne  de  Paris,  1862,  p.  40. 
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sines  they  may  also  be  formulated  as  basic  salts  in  the  manner  aboYe 
illustrated. 

Chlorides. — Uranous  chloride,  U//Clr  is  formed,  with  Tivid  incandescence, 
by  barning  metallic  uranium  in  chlorine  gas,  also  by  igniting  uranous  oxide 
in  hydrochloric  acid  gas.  It  crystallizes  in  dark-green  regular  octohedrons, 
and  dissolves  easily  in  water,  forming  an  emerald-green  solution,  which  is 
decomposed  when  dropped,  into  boiling  water,  giving  off  hydrochloric  acid 
and  yielding  brown  precipitate  of  hydrated  uranous  oxide.  It  is  a  power- 
ful deoxidizing  agent,  reducing  gold  and  silver,  converting  ferric  salts  into 
ferrous  salts,  &c. 

Urame  oxvehioride  or  Uranyl  chloride.,  U,0,Clr  is  formed  when  dry  chlorine 
gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange-yellow  vapor,  which 
solidifies  to  a  yellow  crystalline  fusible  mass,  easily  soluble  in  water.  It 
forms  double  salts  with  the  chlorides  of  the  alkali-metals,  the  potassium 
salt,  for  example,  having  the  composition  UaOsCl,.2KC1.20Hr 

Oxidis.  —  Uranous  oxide,  U"0,  formerly  mistaken  for  metallio  uranium, 
is  obtained  by  heating  the  oxide,  Us04,  or  uranic  oxalate,  in  a  current  of 
hydrogen.  It  is  a  brown  powder,  sometimes  highly  orystalline.  In  the 
finely  divided  state  it  is  pyrophoric.  It  dissolves  in  acids,  forming  green 
salts. 

Uranoso-uranic  oxide,  Us04  =  UO.UaOj. —  This  oxide,  analogous  to  the 
magnetic  oxide  of  iron,  forms  the  chief  constituent  of  pitchblende.  It  is 
obtained  artificially  by  igniting  the  metal  or  uranous  oxide  in  contact  with 
the  air,  or  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a 
dark-green  velvety  powder,  of  specific  gravity  7-1  to  7*3.  When  ignited  in 
hydrogen,  or  with  sodium,  charcoal,  or  sulphur,  it  is  reduced  to  uranous 
oxide.  When  ignited  alone,  it  yields  a  black  oxide,  U405,  which  is  most 
probably  a  mixture  of  uranoso-uranio  and  uranous  oxide.  Uranoso-uranic 
oxide  dissolves  in  strong  sulphuric  or  hydrochloric  acid,  yielding  a  mixture 
of  uranous  and  uranic  salt;  by  nitric  acid  it  is  oxidized  to  uranic  nitrate. 

Urame  oxide,  or  Uranyl  oxide,  U208  =  (U20,)//0.  —  Uranium  and  its  lower 
oxides  dissolve  in  nitric  acid,  forming  uranic  nitrate ;  and  when  this  salt  is 
heated  in  a  glass  tube  till  it  beginB  to  decompose,  at  260°,  pure  uranio 
oxide  remains  in  the  form  of  a  chamois-yellow  powder.  Uranic  hydrate, 
U,0r20Hr  cannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalies, 
inasmuch  as  the  precipitate  always  carries  down  alkali  with  it ;  but  it  may 
be  obtained  by  evaporating  a  solution  of  uranio  nitrate  in  absolute  alcohol 
at  a  moderate  heat,  till,  at  a  certain  degree  of  concentration,  nitrous  ether, 
aldehyde, ^nd  other  vapors  are  given  off,  and  a  spongy  yellow  mass  remains, 
which  is  the  hydrate.  In  a  vacuum  at  ordinary  temperatures,  or  at  100° 
in  the  air,  it  gives  off  half  its  water,  leaving  the  monohydrate,  U2O..OHr 
This  hydrate  cannot  be  deprived  of  all  he  water  without  exposing  it  to  a 
heat  sufficient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to  uranoso- 
uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  talfs. 
The  nitrate,  (U?0,)//(NO,),.60H?,  may  be  prepared  from  pitchblende  by  dis- 
solring  the  pulverized  mineral  in  nitric  acid,  evaporating  to  dryness,  adding 
water,  and  filtering ;  the  liquid  yields,  by  due  evaporation,  crystals  of 
uranic  nitrate,  which  are  purified  by  a  repetition  of  the  process,  and,  lastly, 
dissolved  in  ether.     This  latter  solution  yields  the  pure  nitrate. 

Uranate*. — Uranic  oxide  unites  with  the  more  basic  metallic  oxides.  The 
uranates  of  the  alkali-metals  are  obtained  by  precipitating  a  uranic  salt 
with  a  caustic  alkali ;  those  of  the  earth-metals  and  heavy  metals,  by  pre- 
cipitating a  mixture  of  a  uranic  salt  and  a  salt  of  the  other  metal  with  am- 
monia, or  by  igniting  a  double  carbonate  or  acetate  of  uranium  and  the 
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other  metal  (calcio-uranic  acetate,  for  example)  in  contact  with  the  air. 
The  uranate8  have,  for  the  moat  part,  the  composition  2U,0,.M-0.  They 
are  yellow,  insoluble  in  water,  soluble  in  acids.  Those  which  contain 
fixed  bases  are  not  decomposed  at  a  red  heat;  but  at  a  white  heat,  the 
uranic  oxide  is  reduced  to  uranoeo-uranio  oxide,  or  by  ignition  in  hydrogen 
to  uranous  oxide ;  the  mass  obtained  by  this  last  method  easily  takes  fire 
in  contact  with  the  air.  Sodium  uranate,  2Vfis.^SaJ[)%  is  much  used  for  im- 
parting a  yellowish  or  greenish  color  to  glass,  ana  as  a  yellow  pigment  on 
the  glazing  of  porcelain.  The  4I  uranium-yellow  "  for  these  purposes  is 
prepared  on  the  large  scale  by  roasting  pitchblende  with  lime  in  a  rever- 
beratory  furnace ;  treating  the  resulting  calcium  uranate  with  dilute  sul- 
phuric acid;  mixing  the  solution  of  uranic  sulphate  thus  obtained  with 
sodium  carbonate,  by  which  the  uranium  is  first  precipitated  together  with 
other  metals,  but  then  redissolved,  tolerably  free  from  impurity,  by  excess 
of  the  alkali;  and  treating  the  liquid  with  dilute  sulphuric  acid  which 
throws  down  hydrated  sodium  uranate,  2U208.Na20  6Aq.  Ammonium 
uranate  is  but  slightly  soluble  in  pure  water,  and  quite  insoluble  in  water 
containing  sal-ammoniac;  it  may,  therefore,  be  prepared  by  precipitat- 
ing a  solution  of  sodium-uranate  with  that  salt.  It  occurs  in  commerce 
as  a  fine  deep-yellow  pigment,  also  called  "uranium  yellow."  This  salt 
when  heated  to  redness  leaves  pure  uranoso-uranic  oxide,  and  may,  there- 
fore, serve  as  the  raw  material  for  the  preparation  of  other  uranium  com- 
pounds. 

Uranous  salts  form  green  solutions,  from  which  caustic  alkalies  throw  down 
a  red-brown  gelatinous  precipitate  of  uranous  hydrate  ;  alkaline  carbonates, 
green  precipitates,  which  dissolve  in  excess,  especially  of. ammonium  car- 
bonate, forming  green  solutions.  Ammonium  sulphide  forms  a  black  preci- 
pitate of  uranous  sulphide;  hydrogen  sulphide,  no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  caustic  alkalies  a  yellow  precipitate 
of  alkaline  uranate,  insoluble  in  excess  of  the  reagent.  Alkaline  carbonates 
form  a  yellow  precipitate  consisting  of  a  carbonate  of  uranium  and  the 
alkali-metal,  soluble  in  excess,  especially  of  acid  ammonium  or  potassium 
carbonate.  Ammonium  sulphide  forms  a  black  precipitate  of  uranic  sul- 
phide. Hydrogen  sulphide  forms  no  precipitate,  but  reduces  the  urnnic  to  a 
green  uranous  salt.     Potassium  ferroct/anidc  forms  a  red-brown  precipitate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in  the  outer 
blowpipe  flame,  produce  a  clear  yellow  glass,  which  becomes  greenish  on 
cooling.  In  the  inner  flame  the  glass  assumes  a  green  color,  becoming  Ft  ill 
greener  on  cooling.  The  oxides  of  uranium  are  not  reduced  to  the  metallic 
state  by  fusion  with  sodium  carbonate  on  charcoal.  • 

Uranium  compounds  are  used,  as  already  observed,  in  enamel  painting, 
and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine  black  color,  and 
uranic  oxide  a  delicate  greenish-yellow,  highly  fluorescent  glass.  Uranium 
salts  are  also  used  in  photography. 


IKDIUM. 

Atomic  weight,  74.     Symbol,  In. 

This  metal  has  been  recently  discovered  by  Reich  and  Richter,*  in  the 
sinc-blcndc  of  Freiberg.  Its  spectrum  is  characterized  by  two  indigo- 
colored  lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of 
strontium,  the  other  fainter  but  still  more  refrangible,  approaching  the  blue 
line  of  potassium.     It  was  the  production  of  this  peculiar  spectrum  that 

*  Journal  fur  praktische  Chemie,  lxzxix.  441. 
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led  to  the  disoovery  of  the  metal.  The  ore,  consisting  chiefly  of  blende, 
galena,  and  arsenical  pyrites,  was  roasted  to  expel  sulphur  and  arsenic, 
then  treated  with  hydrochloric  acid,  and  the  solution  was  evaporated  to 
dryness.  The  impure  tine  chloride  thus  obtained  exhibited,  when  ex- 
amined by  the  spectroscope,  the  first  of  the  indigo  lines  above  mentioned. 
The  chloride  was  afterwards  obtained  in  a  state  of  greater  purity,  and 
from  this  the  hydrate  and  the  metal  itself  were  prepared.  The  first  line 
then  came  out  with  much  greater  brilliancy,  and  the  second  was  likewise 
observed 

Indium  has  hitherto  been  obtained  in  very  small  quantity  only,  so  that 
its  properties  have  been  but  imperfectly  studied.  It  appears,  however,  to 
belong  to  the  iron  group.  The  metal  itself  is  of  a  lead-gray  color,  soft, 
very  malleable,  and  marks  paper  like  lead.  It  dissolves  easily  in  hydro- 
chloric acid,  forming  a  deliquescent  chloride.  From  the  solution  of  this  salt, 
it  is  precipitated  by  ammonia  and  potash  as  a  hydrate,  insoluble  in  excess 
of  either  reagent.  Hydrogen  sulphide  does  not  precipitate  it  from  an  acid 
solution.  The  oxide  heated  on  charcoal  with  soda,  yields  a  metallio  globule, 
which  when  reheated  oxidises  to  a  yellowish  powder.  The  compounds  of 
indium  impart  a  violet  tint  to  the  flame  of  a  Bunsen's  burner. 
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Avnxovr. 

Atomic  weight,  122.    8ymbol,  Sb  (Stibium). 

THIS  important  metal  is  found  chiefly  in  the  state  of  sulphide.  The  ore 
is  freed  by  fusion  from  earthy  impurities,  and  is  afterwards  decomposed 
by  heating  with  metallic  iron  or  potassium  carbonate,  which  retains  the  sul- 
phur. Antimony  has  a  bluish-white  color  and  strong  luBtre ;  it  is  extremely 
brittle,  being  reduced  to  powder  with  the  utmost  ease.  Its  specific  gravity 
is  6-8 ;  it  melts  at  a  temperature  just  short  of  redness,  and  boils  and  vola- 
tilizes at  a  white  heat.  This  metal  has  always  a  distinct  crystalline,  platy 
structure,  but  by  particular  management  it  may  be  obtained  in  crystals, 
which  are  rhombohcdral.*  Antimony  is  not  oxidized  by  the  air  at  common 
temperatures ;  when  strongly  heated,  it  burns  with  a  white  flame,  producing 
oxide,  which  is  often  deposited  in  beautiful  crystals!  It  is  dissolved  by  hot 
hydrochloric  acid,  with  evolution  of  hydrogen  and  production  of  chloride. 
Nitric  acid  oxidizes  it  to  antimonic  acid,  which  is  insoluble  in  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  compounds 
in  which  it  is  trivalent,  as  Sb"'^,,  Sb"',0,,  Sb,//18«  &c,  and  the  antimonic 
compounds  in  which  it  is  quinquivalent,  as  SbTCl6,  SbTfOft,  SbT,S6,  &c. 

»  Chlorides. — The  trichloride  or  Antimonious  chloride,  SbCly  formerly  called 
butter  of  antimony,  is  produced  when  hydrogen  sulphide  is  prepared  by  the 
action  of  strong  hydrochlorio  acid  on  antimonious  sulphide.  The  impure 
and  highly  acid  solution  thus  obtained  is  put  into  a  retort  and  distilled, 
until  each  drop  of  the  condensed  product,  on  falling  into  the  aqueous  liquid 
of  the  receiver,  produces  a  copious  white  precipitate.  The  receiver  is 
then  changed  and  the  distillation  continued.  Pure  antimonious  chloride 
then  passes  over,  and  solidifies  on  cooling  to  a  white,  highly  crystalline 
mass,  from  which  the  air  must  be  carefully  excluded.  The  same  compound 
is  formed  by  distilling  metallic  antimony  in  powder  with  2J  times  its  weight 
of  corrosive  sublimate.  Antimonious  chloride  is  very  deliquescent :  it  dis- 
solves in  strong  hydrochloric  acid  without  decomposition,  and  the  solution 
poured  into  water  gives  rise  to  a  white  bulky  precipitate,  which,  after  a 
short  time,  becomes  highly  crystalline,  and  assumes  a  pale  fawn- color. 
This  is  the  old  powder  of  Algaroth;  it  is  a  compound  of  trichloride  and  tri- 
oxide  of  antimony.  Alkaline  solutions  extract  the  chloride  and  leave  the 
oxide.     Finely  powdered  antimony  thrown  into  chlorine  gas  takes  fire. 

The  pentachloride,  or  Antimonic  chloride,  SbC15.  is  formed  by  passing  a 
stream  of  chlorine  gas  over  gently  heated  metallic  antimony :  a  mixture  of 
the  two  chlorides  results,  which  may  be  separated  by  distillation.  The 
pentachloride  is  a  colorless  volatile  liquid,  which  forms  a  crystalline  com- 
pound with  a  small  portion  of  water,  but  is  decomposed  by  a  larger  quantity 
into  antimonic  and  hydrochloric  acids. 

•  On  electrolysing  a  solution  of  1  port  of  tartar-emetic  in  4  parts  of  antimonfons  chloride  by 
a  small  battery  of  two  elements,  antimony  forming  the  posltire,  and  metal  He  copper  the  ne*«- 
tire  pole,  crusts  of  antimony  are  obtained  which  possess  the  remarkable  property  of  exploding 
and  catching  fire  when  cracked  or  broken  (Gore,  Proceedings  of  the  Royal  Society,  ix.  70). 
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Avmroinous  Hydride.  Antimonetted  Hydrogen.  Sttbtne,  SbH,. — 
A  compound  of  antimony  and  hydrogen  exists,  but  has  not  been  isolated : 
when  line  is  pnt  into  a  solution  of  antimonious  oxide,  and  sulphuric  acid 
added,  part  of  the  hydrogen  combines  with  the  antimony,  and  the  resulting 
gas  burns  with  a  greenish  flame,  giving  rise  to  white  fumes  of  antimonious 
oxide.  When  the  gas  is  conducted  through  a  red-hot  glass  tube  of  narrow 
dimensions,  or  burned  with  a  limited  supply  of  air,  as  when  a  cold  porcelain 
surface  is  pressed  into  the  flame,  metallic  antimony  is  deposited.  On  pass- 
ing a  current  of  antimonetted  hydrogen  through  a  solution  of  silver  nitrate, 
a  black  precipitate  is  obtained,  containing  SbAgs:  from  the  formation  of 
this  compound  it  is  inferred  that  the  gas  has  the  composition  SbHa,  analo- 
gous to  ammonia,  phosphine,  and  arsine.  There  are  also  several  analogous 
compounds  of  antimony  with  alcohol-radicals,  such  as  trimethylstibine, 
Sb(CHf)g,  triethylstibine,  Sb(C.JH6)s,  &c. 

Oxides. — Antimony  forms  two  oxides,  Sbt03  and  Sb.Os,  analogous  to  the 
chlorides,  the  first  being  a  basic  and  the  second  an  acia  oxide,  also  an  inter- 
mediate neutral  oxide,  Sba04. 

The  iriozide,  or  Antimonious  oxide,  Sb,Ot,  occurs  native,  though  rarely,  as 
taUntinite  or  white  antimony,  in  shining  white  trimetrio  crystals ;  also  as 
senarmontUe  in  regular  octohedrons :  it  is  therefore  dimorphous.  It  may  be 
prepared  by  several  methods :  as  by  burning  metallic  antimony  at  the  bot- 
tom of  a  large  red-hot  crucible,  in  which  case  it  is  obtained  in  brilliant  crys- 
tals; or  by  pouring  solution  of  antimonious  chloride  into  water,  and  digest- 
ing the  resulting  precipitate  with  a  solution  of  sodium  carbonate.  The  oxide 
thus  produced  is  anhydrous ;  it  is  a  pale  buff-colored  powder,  fusible  at  a 
red  heat,  and  volatile  in  a  closed  vessel,  but  in  contact  with  air  at  a  high 
temperature,  it  absorbs  oxygen  and  becomes  changed  into  the  tetroxide. 
When  boiled  with  cream  of  tartar  (acid  potassium  tartrate),  it  is  dissolved, 
and  the  solution  yields  on  evaporation  crystals  of  tartar-emetic,  which  is 
almost  the  only  antimonious  salt  that  con  bear  admixture  with  water  with- 
out decomposition.  An  impure  oxide  for  this  purpose  is  sometimes  pre- 
pared by  carefully  roasting  the  powdered  sulphide  in  a  reverberatory  furnace, 
nace,  and  raising  the  heat  at  the  end  of  the  process,  so  as  to  fuse  the  product : 
it  has  long  been  known  under  the  name  of  glass  of  antimony,  or  viirum  anti- 
mono. 

Antimonious  oxide  likewise  acts  as  a  feeble  acid,  forming  Baits  called  an- 
timoniics,  which  however  are  very  unstable. 

The  tetroxide,  or  Antimonoso-antimonie  oxide,  Sb,03 .  Sb206,  occurs  native 
as  cervantite  or  antimony  ochre,  in  acicular  crystals,  or  as  a  crust  or 
powder.  It  is  the  ultimate  product  of  the  oxidation  of  the  metal  by 
heat  and  air:  it  is  a  grayish-white  powder,  infusible,  and  non-volatile,  in- 
soluble in  water  and  acids,  except  when  recently  precipitated.  On  treat- 
ing it  with  tartaric  acid  (acid  potassium  tartrate),  antimonious  oxide  is  dis- 
solved, antimonic  acid  remaining  behind;  and  when  a  solution  of  the 
tetroxide  in  hydrochloric  acid  is  gradually  dropped  into  a  large  quantity 
of  water,  antimonious  oxide  is  precipitated,  while  antimonio  acid  remains 
dissolved.  From  these  and  similar  reactions  it  has  been  inferred  that  the 
tetroxide  is  a  compound  of  the  trioxide  and  pentoxide.  On  the  other  hand, 
it  is  sometimes  regarded  as  a  distinct  oxide,  because  it  dissolves  without 
decomposition  in  alkalies,  forming  salts  (often  called  antimonites),  which  may 
be  obtained  in  the  solid  state.  Two  potassium  salts,  for  example,  have  been 
formed,  containing  Sb204 .  K20  and  2Sba04  .  Kf0 ;  and  a  calcium  Bait  2Sb204. 
3€a0,  occurs  as  a  natural  mineral  called  romeine.  These  salts  may,  how- 
ever, be  regarded  as  compounds  of  antimonates  and  antimonites  (contain- 
ing So/),) :  thus,  2(Sb,04 .  K30)  =  (Sb.05  .  K,0)  +  (Sb,0, .  K,0). 

The  pentoxide,  or  Antimonic  oxide,  Sb208,  is  formed  as  an  insoluble  hydrate 
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when  strong  nitric  acid  is  made  to  act  upon  metallic  antimony;  and,  on  ex- 
posing this  hydrate  to  a  heat  short  of  redness,  it  yields  the  anhydrous  pen- 
toxide  as  a  pale  straw-colored  powder,  insoluble  in  water  and  acid.  It  is 
decomposed  by  a  red-heat.,  yielding  the  tetroxide. 

Hydrated  antimonic  oxide  is  likewise  obtained  by  decomposing  antimony 
pentachloride  with  an  excess  of  water,  hydrochloric  acid  being  formed  at 
the  same  time.  The  hydrated  oxides,  or  acids,  produced  by  the  two  pro- 
cesses mentioned,  differ  in  many  of  their  properties,  and  especially  in  their 
deportment  with  bases.  The  acid  produced  by  nitric  acid,  called  ontimomc 
acid,  is  monobasic,  producing  normal  salts  of  the  form  8b,0, .  M,0,  or 
SbO,M,  and  acid  salts  containing  2Sb,Os.MtO,  or  Sb,Os.2Sb08M.  The  other, 
called  metanfimonie  acid,  is  bibasic,  forming  normal  salts  containing  Sb,Os. 
2M,0,  or  Sb,0TM4,  and  acid  salts,  containing  2SbsOB.  2M,0,  or  Sb,Of.  M,0, 
so  that  the  acid  metantimonates  are  isomeric  or  polymeric,  with  the  normal 
antimonates.  Among  the  metantimonateB  an  acid  potassium  salt,  Sb20g. 
KaO .  70H,  is  to  be  particularly  noticed  as  yielding  a  precipitate  with 
sodium  salts:  it  is,  indeed,  the  only  reagent  which  precipitates  sodium.  It 
is  obtained  by  fusing  antimonic  oxide  with  an  excess  of  potash  in  a  Biker 
crucible,  dissolving  the  fused  mass  in  a  small  quantity  of  cold  water,  and 
allowing  it  to  crystallize  in  a  vacuum.  The  crystals  consist  of  normal 
potassium  metantimonate,  SbxOft.  2KO,  and,  when  dissolved  in  pure  water, 
are  decomposed  into  free  potash  and  acid  metantimonate. 

Sulphides.  The  truulphide  or  Aniimoniout  sulphide,  SbJ9y,  occurs  native 
as  a  lead-gray,  brittle  substance,  having  a  radiated  crystalline  texture,  and 
is  easily  fusible.  It  may  be  prepared  artificially  by  melting  together  anti- 
mony and  sulphur.  When  a  solution  of  tartar-emetic  is  precipitated  by 
hydrogen  sulphide,  a  brick-red  precipitate  falls,  which  is  the  same  sub- 
stance combined  with  a  little  water.  If  the  precipitate  be  dried  and  gently 
heated,  the  water  may  be  expelled  without  other  change  of  color  than  a 
little  darkening,  but  at  a  higher  temperature  it  assumes  the  color  and 
aspect  of  the  native  Bulphide.  This  remarkable  change  probably  indicates 
a  passage  from  the  amorphous  to  the  crystalline  condition. 

When  powdered  antimonious  sulphide  is  boiled  in  a  solution  of  caustic 
potash,  it  is  dissolved  antimonious  oxide,  and  potassium  sulphide  being 
produoed,  the  latter  unites  with  an  additional  quantity  of  antimonious  sul- 
phide to  form  a  soluble  sulphur-salt,  in  which  the  potassium  sulphide  is  the 
sulphur  base,  and  the  antimonious  sulphide  is  the  sulphur  acid: 

8KaO  +  2Sb,S,  =  Sb,08  +  SbgS,.  3K,S. 

The  antimonious  oxide  separates  in  small  crystals  from  the  boiling  solu- 
tion when  the  latter  is  concentrated,  and  the  sulphur-salt  dissolves  an  extra 
portion  of  antimonious  sulphide,  which  it  again  deposits  on  cooling  as  a 
red  amorphous  powder,  containing  a  small  admixture  of  antimonious  oxide 
and  potassium  sulphide.  This  is  the  kermet  mineral  of  the  old  chemists. 
The  filtered  solution  mixed  with  an  acid  gives  a  potassium  salt,  hydrogen 
sulphide,  and  precipitated  antimonious  sulphide.  Kermes  may  also  be 
made  by  fusing  a  mixture  of  6  parts  antimonious  sulphide  and  8  of  dry 
sodium  carbonate,  boiling  the  mass  in  80  parts  of  water,  and  filtering  while 
hot:  the  compound  separates  on  cooling.  The  compounds  of  antimonious 
sulphide  with  basic  sulphides  are  called  sulph-anlimonitcs ;  many  of  them 
occur  as  natural  minerals.  For  example :  sinkenite,  SbjSs.PbS ;  feather  ore, 
Sb,S,.2PbS;  boulangerite,  Sb,S,.8PbS ;  fahlore,  or  tetrahedrite,  SbjS^CuyS, 
the  antimony  being  more  or  less  replaced  by  arsenic,  and  the  copper  by 
silver,  iron,  zinc,  and  mercury. 

The  pentwsulphide  or  Antimonic  sulphide,  Sb,Ss,  formerly  called  sulphur  au-  - 
ratum,  is  also  a  sulphur  acid,  'forming  salts  called  sulphantimonate*,  most  of 
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which  baye  the  composition  Sb,S8. 3M,S,  or  SbS4M3,  analogous  to  the  normal 
orthophosphates  and  arsenates.  When  18  parts  finely  powdered  antimoni- 
oas  sulphide,  17  parts  dry  sodium  carbonate,  13  parts  slaked  lime,  and  8J 
parts  sulphur,  are  boiled  for  some  hours  in  a  quantity  of  water,  calcium 
carbonate,  sodium  antimonate,  antimony  pentasulphide,  and  sodium  sulphide 
are  produced.  The  first  iB  insoluble,  and  the  second  partially  so :  the  two 
last-named  bodies,  on  the  contrary,  unite  to  form  soluble  sodium  sulph- 
antimonate,  SbSjNag,  which  may  be  obtained  by  evaporation  in  beautiful 
crystalc.  A  solution  of  this  substance,  mixed  with  dilute  sulphuric  acid, 
furnishes  sodium  sulphate,  hydrogen  sulphide,  and  antimony  pentasulphide,' 
which  falls  as  a  golden-yellow  fiocculent  precipitate. 

The  sulphantimonates  of  the  alkali-metals  and  alkaline  earth-metals  are 
very  soluble  in  water,  and  crystallize  for  the  most  part  with  several  mole- 
cules of  water.  Those  of  the  heavy  metals  are  insoluble*  and  are  obtained 
by  precipitation. 

The  few  salts  of  antimony  soluble  in  water  are  distinctly  characterized 
by  the  orange  or  brick-red  precipitate  with  hydrogen  sulphide,  which  is  solu- 
ble in  a  solution  of  ammonium  sulphide,  and  again  precipitated  by  an  acid. 

Antimonious  chloride,  as  already  observed,  is  decomposed  by  water, 
yielding  a  precipitate  of  oxychloride.  The  precipitate  dissolves  in  hy- 
drochloric acid,  and  the  resulting  solution  gives,  with  potash,  a  white  pre- 
cipitate of  trioxide,  soluble  in  a  large  excess  of  the  reagent ;  with  ammonia 
the  same,  insoluble  in  excess;  with  potassium  or  sodium  carbonate,  also  a  pre- 
cipitate of  trioxide,  which  dissolves  in  excess,  especially  of  the  potassium 
salt,  but  reappears  after  a  while.  If,  however,  the  solution  contains  tartaric 
erid\  the  precipitate  formed  by  potash  dissolves  easily  in  excess  of  the  alkali ; 
ammonia  forms  but  a  slight  precipitate,  and  the  precipitates  formed  by  al- 
kaline carbonates  are  insoluble  in  excess.  The  last-mentioned  characters 
are  likewise  exhibited  by  a  solution  of  tartar-emetic  (potassio-antimonious 
tartrate).  Zinc  and  iron  precipitate  antimony  from  its  solutions  as  a  black 
powder.  Copper  precipitates  it  as  a  shining  metallic  film,  which  may  be 
dissolved  off  by  potassium  permanganate,  yielding  a  solution  which  will 
give  the  characteristic  red  precipitate  with  hydrogen  sulphide. 

Solid  antimony  compounds  fused  upon  charcoal  with  sodium  carbonate  or 
potassium  cyanide,  yield  a  brittle  globule  of  antimony,  a  thick  white  fume 
being  at  the  same  time  given  off,  and  the  charcoal  covered  to  some  distance 
around  with  a  white  deposit  of  oxide. 

Besides  its  application  to  medicine,  antimony  is  of  great  importance  in 
the  arts,  inasmuch  as,  in  combination  with  lead,  it  forms  type-metal.  This 
»Uoy  expands  at  the  moment  of  solidifying,  and  takes  an  exceedingly  sharp 
impression  of  the  mould.  It  is  remarkable  that  both  its  constituents  shrink 
under  similar  circumstances,  and  make  very  bad  castings. 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony,  frequently 
also  containing  small  quantities  of  copper,  zinc,  or  bismuth.  An  alloy  of 
l-  parts  tin,  1  part  antimony,  and  a  small  quantity  of  copper,  forms  a 
superior  kind  of  pewter.  Alloys  of  antimony  with  tin,  or  tin  and  lead,  are 
bow  much  used  for  machinery-bearings  in  place  of  gun-metal.  Alloys  of 
antimony  with  nickel  and  with  silver  occur  as  natural  minerals. 

Antimony  trisulphide  enters  into  the  composition  of  the  blue  signal-lights 
used  at  sea.*  ° 

•  Blue  or  Bengal  light: 

Dry  potassium  nitrate       .       .       .  6  parts 

Sulphur 2     " 

Antimony  trisulphide  .       ,       .       1  part, 

M        P°wder» and  intimately  mixed. 
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AX8EHIC. 

Atomic  weight,  76.    Symbol,  As. 

Arsenic  is  sometimes  found  native :  it  occurs  in  considerable  quantity  u 
a  constituent  of  many  minerals,  combined  with  metals,  sulphur  and  oxygen. 
In  the  oxidized  state  it  has  been  found  in  very  minute  quantity  in  a  great 
-many  mineral  waters.  The  largest  proportion  is  derived  from  the  roasting 
of  natural  arsenides  of  iron,  nickel,  and  cobalt.  The  operation  is  con- 
ducted  in  a  reverberatory  furnace,  and  the  volatile  products  are  condensed 
in  a  long  and  nearly  horizontal  chimney,  or  in  a  kind  of  tower  of  brick- 
work, divided  into  numerous  chambers.  The  crude  arsenious  oxide  thus 
produced  is  purified  by  sublimation,  and  then  heated  with  charcoal  in  a 
retort ;  the  metal  is  reduced,  and  readily  sublimes. 

Arsenic  has  a  steel-gray  color,  and  high  metallic  lustre :  it  is  crystalline 
and  very  brittle ;  it  tarnishes  in  the  air,  but  may  be  preserved  unchanged 
in  pure  water.  Its  density,  in  the  solid  state,  is  5*7  to  5  9.  When  heated, 
it  volatilizes  without  fusion,  and  if  air  be  present,  oxidises  to  arsenious 
oxide.  Its  vapor  density,  compared  with  that  of  hydrogen,  is  150,  which 
is  twice  its  atomic  weight,  so  that  its  molecule  in  the  gaseous  Btate,  like 
that  of  phosphorus,  occupies  only  half  the  volume  of  a  molecule  of  hj- 
drogen  (p.  228).     The  vapor  has  the  odor  of  garlic. 

Arsenic  combines  with  metals  in  the  same  manner  as  sulphur  and  phos- 
phorus, which  it  resembles,  especially  the  latter,  in  many  respects:  indeed, 
it  is  often  regarded  as  a  metalloid. 

Arsenic,  like  nitrogen,  behaves  in  most  respects  as  a  triad  element,  not 
being  capable  of  uniting  with  more  than  three  atoms  of  any  one  monad 
element.  Thus,  it  forms  the  compounds  AsHs,  AsClj,  AsBrs,  &c,  but  no 
compound  analogous  to  the  pentachloride  of  phosphorus  or  antimony.  But 
just  as  ammonia,  NH,,  can  take  up  the  elements  of  hydrochloric  acid  to 
form  sal-ammoniac,  NH4C1,  in  which  nitrogen  appears  quinquivalent,  so 
likewise  can  arsenetted  hydrogen  or  arsine,  As///Hr  unite  with  the  chlorides, 
bromides,  &c.  of  the  radicals,  methyl,  ethyl,  &c,  to  form  salts  in  which 
the  arsenic  appears  to  be  quinquivalent,  e.  g. : 

Arsenethylium  bromide   .     .     .     AsTH8(CjH.)Br.,  &e. 
ArBenmethylium  chloride  .     .     .  As'Ht(CH8)Cl. 

In  like  manner,  arsentrimethyl,  As///(CH8)r  unites  with  the  chlorides 
of  methyl  and  ethyl,  forming  the  compounds  As*(CHa)4Cl  and  As*(CH,), 
(C,H5)Cl. 

Arsenic  likewise  forms  two  oxides,  viz.,  arsenious  oxide,  A8'",0r  and 
arsenic  oxide,  As^Oj,  with  corresponding  acids  and  salts,  analogous  to  phos- 
phorous and  phosphoric  compounds ;  the  arsenates,  in  particular,  are  iso- 
morphous  with  the  other  phosphates,  and  resemble  them  closely  in  many 
other  respects. 

Arsenious  Chloride,  AsCl,.  —  This,  the  only  known  chloride  of  arsenic, 
is  produced,  with  emission  of  heat  and  light,  when  powdered  arsenic  is 
thrown  into  chlorine  gas.  It  is  prepared  by  distilling  a  mixture  of  1  part 
of  metallic  arsenic  and  6  parts  of  corrosive  sublimate,  and  by  distil- 
ling arsenious  oxide  with  strong  hydrochloric  acid,  or  with  a  mixture  of 
common  salt  and  sulphuric  acid.  It  is  a  colorless,  volatile,  highly  poisonous 
liquid,  decomposed  by  water  into  arsenious  and  hydrochloric  acids.  Arse- 
nious iodide,  Asl.,  is  formed  by  heating  metallic  arsenic  with  iodine :  it  is  a 
deep-red  crystalline  BubBtance,  capable  of  sublimation.  The  corresponding 
bronude  and  fluoride  are  both  liquid. 
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Hydrides. — Arsenic  forms  two  hydrides,  containing  2  and  3  atoms  of 
hydrogen  combined  with  1  atom  of  arsenic. 

The  trikydride,  Arsenious  hydride,  Arsenetted  hydrogen  or  Arsine,  AsHs, 
analogous  in  composition  to  ammonia,  phosphine,  and  stibine,  is  obtained 
pare  by  the  action  of  strong  hydrochloric  acid  on  an  alloy  of  equal  parts  of 
zinc  and  arsenic,  and  is  produced  in  greater  or  less  proportion  whenever 
hydrogen  is  set  free  in  contact  with  arsenious  acid.  Arsenetted  hydrogen 
is  a  colorless  gas,  of  specific  gravity  2*695,  slightly  soluble  in  water,  and 
having  the  smell  of  garlic.  It  burns,  when  kindled,  with  a  blue  flame, 
generating  arsenious  acid.  It  is  also  decomposed  by  transmission  through 
a  red-hot  tube.  Many  metallic  solutions  are  precipitated  by  this  substance. 
When  inhaled,  it  is  exceedingly  poisonous,  even  in  very  minute  quantity. 

AsH, 

The  dihydride,  AsHr  or  rather  As,H4  =  I        ,  is  produced  by  passing  an 

AsH, 
electric  current  through  water,  the  negative  pole  being  formed  of  metallic 
irsenic:  also  when  potassium  or  sodium  arsenide  is  dissolved  in  water. 
It  is  a  brown  powder,  which  gives  off  hydrogen  when  heated  in  a  close  * 
vessel,  and  burns  when  heated  in  the  air.     It  is  analogous  in  composition 
to  arsendimetbyl  or  cacodyl,  As2(CH,)4. 

Absexious  Oxide,  Acid,  and  Salts.  —  Arsenious  oxide,  As209,  also  called 
white  oxide  of  arsenic,  is  produced  in  the  manner  already  mentioned.  It  is 
commonly  met  with  in  the  form  of  a  heavy,  white,  glassy-looking  substance, 
with  smooth  conch  old  al  fracture,  which  has  evidently  undergone  fusion. 
When  freshly  prepared  it  is  often  transparent,  but  by  keeping  becomes 
opaque,  at  the  same  time  slightly  diminishing  in  density,  and  acquiring  a 
greater  degree  of  solubility  in  water.  100  parts  of  that  liquid  dissolve  at 
100°  about  11*5  parts  of  the  opaque  variety:  the  largest  portion  separates, 
however,  on  cooling,  leaving  about  8  parts  dissolved :  the  solution,  which 
contains  arsenious  acid,  feebly  reddens  litmus.  Cold  water,  agitated  with 
powdered  arsenious  oxide,  takes  up  a  still  smaller  'quantity.  Alkalies  dis- 
solve this  Bubstance  freely,  forming  arsenites ;  compounds  with  ammonia, 
baryta,  strontia,  lime,  magnesia,  and  mnnganous  oxide  also  have  been 
formed:  the  Bilver  salt  is  a  beautiful  lemon-yellow  precipitate.  The  ar- 
senites are,  however,  very  unstable,  and  have  been  but  little  examined. 
Those  which  have  the  composition  As02M,  or  As208.  M20,  are  generally  re- 
garded as  normal  salts;  there  are  also  arsenites  containing  As205M4,  or 
AfigO, .  2M20,  and  AsO,Mg,  or  As20. .  3M20,  besides  acid  salts.  Arsenious 
oxide  is  easily  soluble  in  hot  hydrochloric  acid.  Its  vapor  is  colorless  and 
inodorous,  and  it  crystallizes  on  solidifying  in  brilliant  transparent  octo- 
hedrons.  The  oxide  or  acid  itself  has  a  feeble  sweetish  and  astringent 
taste,  and  is  a  most  fearful  poison. 

Abssxic  Oxide,  Acid,  and  Salts.  —  When  powdered  arsenious  oxide  is 
dissolved  in  hot  hydrochloric  acid,  and  oxidized  by  the  addition  of  nitric 
acid,  the  latter  being  added  as  long  as  red  vapors  are  produced,  the  whole 
then  cautiously  evaporated  to  complete  dryness,  and  the  residue  heated  to 
low  redness,  arsenic  oxide,  As206,  remains  in  the  form  of  a  white  anhydrous 
mass  which  has  no  action  upon  litmus.  When  strongly  heated,  it  is  resolved 
into  arsenious  oxide  and  free  oxygen.  In  water  it  dissolves  slowly  but  com- 
pletely, giving  a  highly  acid  solution,  which,  on  being  evaporated  to  a 
sjrnpy  consistence,  deposits,  after  a  time,  hydrated  crystals  of  arsenic  acid, 
containing  2AsO.Hg.OH.,  or  As206.30H2  +  Aq.  These  crystals,  when 
heated  to  100°,  give  off  their  water  of  crystallization  and  leave  trihydrated 
weak  acid,  As04H,,  or  As,Oft.  30H2;  at  140°— 100°  the  dihydrate,  As20-H4, 
or  AsjOg.  20Hr  is  left ;  and  at  260°  the  monohydrate,  AsOsH,  or  As205.  OH.. 
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The  aqueous  solutions  of  the  three  hydrates  and  of  the  anhydrous  oxide 
exhibit  exactly  the  same  characters,  and  all  contain  the  tri hydrate,  the 
other  hydrates  being  immediately  converted  into  that  compound  when  dis- 
solved in  water;  in  this  respect  the  hydrates  of  arsenic  acid  differ  essen- 
tially from  those  of  phosphoric  acid  (p.  285). 

Arsenic  acid  is  a  very  powerful  acid,  forming  salts  isomorphous  with  the 
corresponding  phosphates :  it  is  also  tribasic.  A  sodium  arsenate,  As04HNar 
120H3,  undistinguishable  in  appearance  from  common  sodium  phosphate, 
may  be  prepared  by  adding  the  carbonate  to  a  solution  of  arsenic  acid,  until 
an  alkaline  reaction  is  apparent,  and  then  evaporating.  This  salt  also 
crystallizes  with  7  molecules  of  water.  Another  arsenate,  As04Na,.  120H,, 
is  produced  when  sodium  carbonate  in  excess  is  fused  with  arsenic  acid,  or 
when  the  preceding  salt  is  mixed  with  caustic  soda.  A  third,  As04HsNa. 
OH,,  is  made  by  substituting  an  excess  of  arsenic  acid  for  the  solution  of 
alkali.  The  alkaline  arsenates  which  contain  basic  water  lose  the  latter  at 
a  red  heat,  but,  unlike  the  phosphates,  recover  it  when  again  dissolved. 
The  arsenates  of  the  alkalies  are  soluble  in  water:  those  of  the  earths  and 
other  metallic  oxides  are  insoluble,  but  are  dissolved  by  acid.  The  precip- 
itate with  silver  nitrate  is  highly  characteristic  of  arsenic  acid :  it  is  red- 
dish-brown. 

Sulphides.  — Two  sulphides  of  arsenic  are  known.  The  disulphide,  As,Sr 
occurs  native  as  Realgar.  It  is  formed  artificially  by  heating  arsenic  acid 
with  the  proper  proportion  of  sulphur.  It  is  an  orange-red,  fusible,  and 
volatile  substance,  employed  in  painting,  and  by  the  pyrotechnist  in  making 
white  fire.  The  trisulphide  or  arsenious  sulphide,  AsS.,  also  occurs  native  as 
Orpiment,  and  is  prepared  artificially  by  fusing  arsenic  with  the  appropriate 
quantity  of  sulphur,  or  by  precipitating  a  solution  of  arsenious  acid  with 
hydrogen  sulphide.  It  is  a  golden-yellow,  crystalline  substance,  fusible, 
and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not  immediately 
precipitated  by  hydrogen  sulphide,  but  after  some  hours  the  solution,  satu- 
rated with  hydrogen  sulphide,  yields  a  light-yellow  deposit  of  sulphur,  the 
arsenic  acid  being  reduced  to  arsenious  acid,  which  is  then  gradually  con- 
verted into  lemon-yellow  arsenious  sulphide.  In  boiling  solutions  the  pre- 
cipitation takes  place  immediately.  The  mixture  of  Bulphur  and  trisulphide, 
thus  produced,  was  formerly  regarded  as  a  pentasulphide,  corresponding 
to  arsenic  acid. 

The  disulphide  and  trisulphide  of  arsenic  are  sulphur-acids,  uniting  with 
other  metallic  sulphides  to  form  sulphur-salts.  Those  of  the  disulphide  are 
called  hyposulpharsenites ;  they  are  but  little  known.  The  salts  of  arsenious 
sulphide  are  called  sulpharsenites.  Their  composition  may  be  represented 
by  that  of  the  potassium  Baits,  viz.,  As,S,K,  or  AsS,  K^S;  As,SfK4,  or 
As,S9.  2K,S,  and  AsSjK,,  or  AbsSs.  8K,S.  Of  these  the  bibasio  salts  are  the 
most  common.  The  sulpharsenites  of  the  alkali-metals  and  alkaline  earth- 
metals  are  soluble  in  water,  and  may  be  prepared  by  digesting  arsenious 
sulphide  in  the  solutions  of  the  corresponding  hydrates  or  sulph-hydrates ; 
the  rest  are  insoluble  and  are  obtained  by  precipitation.  Sulphur-salts, 
called  sulpharsenates,  corresponding  in  composition  to  the  arsenates,  are  pro- 
duced, in  like  manner,  by  digesting  the  mixture  of  sulphur  and  arsenious 
sulphide,  precipitated,  as  above  mentioned,  from  arsenic  acid,  in  solutions 
of  alkaline  hydrates  or  sulph-hydrates ;  also  by  passing  gaseous  hydrogen 
sulphide  through  solutions  of  arsenates.  There  are  three  sulph-arsenates 
of  potassium,  containing  AsSJK,  or  As^Sg.K^S;  As3STK4,  or  As^Sg^K^S; 
and  A8S4K„  or  Ab2S6.SK^.  The  sulph-arsenates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water ;  the  rest  are  insoluble  and  are 
obtained  by  precipitation. 
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Amnions  acid  is  distinguished  by  characters  which  cannot  be  misun- 
derstood. 

Stiver  nitrate,  mixed  with  a  solution  of  arsenious  acid  in  water,  occasions 
no  precipitate,  or  merely  a  faint  cloud :  but  if  a  little  alkali,  or  a  drop  of 
ammonia,  be  added,  a  yellow  precipitate  of  silver  arsenite  immediately  falls. 
The  precipitate  is  exceedingly  soluble  in  excess  of  ammonia;  that  sub- 
stance must,  therefore,  be  added  with  great  caution ;  it  is  likewise  very 
soluble  in  nitric  acid. 

Cuprie  sulphate  gives  no  precipitate  with  solution  of  arsenious  acid,  until 
the  addition  has  been  made  of  a  little  alkali,  when  a  brilliant  yellow-green 
precipitate  (Scheele's  green)  falls,  which  also  is  very  soluble  in  excess  of 
ammonia. 

Hydrogen  sulphide  passed  into  a  solution  of  arsenious  acid,  to  which  a  few 
-  drops  of  hydrochloric  or  sulphuric  acid  have  been  added,  occasions  the  pro- 
duction of  a  copious  bright-yellow  precipitate  of  orpiment,  which  is  dis- 
solved with  facility  by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blowpipe  in  a  narrow  glass  tube  with 
small  fragments  of  dry  charcoal,  affords  a  sublimate  of  metallic  arsenic  in 
the  shape  of  a  brilliant  steel-gray  metallic  ring.  A  portion  of  this,  detached 
by  the  point  of  a  knife,  and  heated  in  a  second  glass  tube,  with  access  of 
air,  yields,  in  its  turn,  a  sublimate  of  colorless,  transparent,  octohedral 
cr/stals  of  arsenious  oxide. 

All  these  experiments,  which  jointly  give  demonstrative  proof  of  the 
presence  of  the  substance  in  question,  may  be  performed  with  perfect  pre- 
cision and  certainty  upon  exceedingly  small  quantities  of  material. 

The  detection  of  arsenious  acid  in  complex  mixtures,  con- 
taining organic  matter  and  common  salt,  as  beer,  gruel,  soup,  Fig.  174. 
&c,  or  the  fluid  contents  of  the  stomach  in  cases  of  poison  <gr^ 
iog,  is  a  very  far  more  difficult  problem,  but  one  which  is,  ~~ 
an  fortunately,  often  required  to  be  solved.  These  organic 
matters  interfere  completely  with  the  liquid  tests,  and  render 
their  indications  worthless.  Sometimes  the  difficulty  may  be 
eluded  by  a  diligent  search  in  the  suspected  liquid,  and  in  the 
vessel  containing  it,  for  fragments  or  powder  of  solid  arseni- 
ous' oxide,  which,  from  its  small  degree  of  solubility,  often 
escape  solution,  and  from  the  high  density  of  the  substance, 
may  be  found  at  the  bottom  of  the  vessels  in  which  the  fluids 
tre  contained.  If  anything  of  the  kind  be  found,  it  may  be 
washed  by  decantation  with  a  little  cold  water,  dried,  and  then 
reduced  with  charcoal.  For  the  latter  purpose,  a  small  glass 
tube  is  taken,  having  the  figure  represented  in  the  margin ; 
white  German  glass,  free  from  lead,  is  to  be  preferred.  The 
arsenious  oxide,  or  what  is  suspected  to  be  such,  is  dropped 
to  the  bottom,  and  covered  with  splinters  or  little  fragments  of 
charcoal,  the  tube  being  filled  to  the  ehoulder.  The  whole  is 
gently  heated,  to  expel  any  moisture  that  may  be  present  in  the  charcoal, 
and  the  deposited  water  wiped  from  the  interior  of  the  tube  with  bibulous 
paper.  The  narrow  part  of  the  tube  containing  the  charcoal,  from  a  to  6, 
is  now  heated  by  the  blowpipe  flame ;  when  red-hot,  the  tube  is  inclined,  so 
that  the  bottom  also  may  become  heated.  The  arsenious  oxide,  if  present, 
is  vaporized,  and  reduced  by  the  charcoal,  and  a  ring  of  metallic  arsenic 
deposited  on  the  cool  part  of  the  tube.  To  complete  the  experiment, 
the  tube  may  be  melted  at  a  by  the  point  of  the  flame,  drawn  off,  and 
closed,  and  the  arsenic  oxidized  to  arsenious  oxide,  by  chasing  it  up 
and  down  by  the  heat  of  a  small  spirit-lamp.  A  little  water  may  after- 
wards be  introduced,  and  boiled  in  the  tube,  by  which  the  arsenious 
oxide  will  be  dissolved,   and  to  this  solution  the  tests  of  silver  nitrate 
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and  ammonia,  copper  sulphate  and  ammonia,  and  hydrogen  sulphide,  may 
be  applied. 

When  the  search  for  solid  arsenious  oxide  fails,  the  liquid  itself  must  be 
examined ;  a  tolerably  limpid  solution  must  be  obtained,  from  which  the 
arsenic  may  be  precipitated  by  hydrogen  sulphide,  and  the  orpitnent  col- 
lected, and  reduced  to  the  metallic  state.  It  is  in  the  first  part  of  this 
operation  that  the  chief  difficulty  is  found :  such  organic  mixtures  refuse  to 
filter,  or  filter  so  slowly  as  to  render  some  method  of  acceleration  indispen- 
sable.* Boiling  with  a  little  caustic  potash  or  acetic  acid  will  sometimes 
effect  this  object.  The  following  is  an  outline  of  a  plan  which  has  been 
found  successful  in  a  variety  of  cases  in  which  a  very  small  quantity  of 
arsenious  acid  had  been  purposely  added  to  an  organic  mixture: — Oil  of 
vitriol,  itself  perfectly  free  from  arsenic,  is  mixed  with  the  suspected 
liquid,  in  the  proportion  of  about  a  measured  ounce  to  a  pint,  haying  been 
previously  diluted  with  a  little  water,  and  the  whole  is  boiled  in  a  flask  for 
half  an  hour,  or  until  a  complete  separation  of  solid  and  liquid  matter 
becomes  manifest.  The  acid  converts  any  starch  that  may  be  present  into 
dextrin  and  sugar:  it  completely  coagulates  albuminous  substances,  and 
casein,  in  the  case  of  milk,  and  brings  the  whole  in  a  very  short  time  into 
a  state  in  which  filtration  is  both  easy  and  rapid.  Through  the  filtered 
solution,  when  cold,  a  current  of  hydrogen  sulphide  is  transmitted,  and  the 
liquid  is  warmed,  to  facilitate  the  deposition  of  the  arsenious  sulphide, 
which  falls  in  combination  with  a  large  quantity  of  organic  matter,  which 
often  communicates  to  it  a  dirty  color.  This  is  collected  upon  a  small  filter, 
and  washed.  It  is  next  transferred  to  a  capsule,  nnd  heated  with  a  mix- 
ture of  nitric  and  hydrochloric  acids,  by  which  the  organic  impurities  are 
in  great  measure  destroyed,  and  the  arsenic  oxidized  to  arsenic  acid.  The 
solution  is  evaporated  to  dryness,  the*  soluble  part  taken  up  by  dilute  hy- 
drochloric acid,  and  then  the  solution  saturated  with  sulphurous  acid, 
whereby  the  arsenic  acid  is  reduced  to  the  state  of  arsenious  acid,  the  sul- 
phurous being  oxidized  to  sulphuric  acid.  The  solution  of  arsenious  acid 
may  now  be  precipitated  by  hydrogen  sulphide  without  any  difficulty.  The 
liquid  is  warmed,  and  the  precipitate  washed  by  decantation,  and  dried. 
It  is  then  mixed  with  black  flux,  and  heated  in  a  small  glass  tube,  similar  to 
that  already  described,  with  similar  precautions;  a  ring  of  reduced  arsenic 
is  obtained,  which  may  be  oxidized  to  arsenious  oxide,  and  further  ex- 
amined. The  black  flux  is  a  mixture  of  potassium  carbonate  and  charcoal, 
obtained  by  calcining  cream  of  tartar  in  a  close  crucible ;  the  alkali  trans- 
forms the  sulphide  into  arsenious  acid,  the  charcoal  subsequently  effecting 
the  deoxidation.  A  mixture  of  anhydrous  sodium  carbonate  and  charcoal 
may  be  substituted  with  advantage  for  the  common  black  flux,  as  it  is  less 
hygroscopic. 

Other  methods  of  proceeding,  different  in  principle  from  the  foregoing, 
have  been  proposed,  as  that  of  the  late  Mr.  Marsh,  which  iB  exceedingly 
delicate.  The  suspected  liquid  is  acidulated  with  sulphuric  acid,  and 
placed  in  contact  with  metallic  zinc;  the  hydrogen  reduces  the  arsenious 
acid  and  combines  with  the  arsenic,  if  any  be  present.  The  gas  is  burned 
at  a  jet,  and  a  piece  of  glass  or  porcelain  held  in  the  flame,  when  any  ad- 
mixture of  arsenetted  hydrogen  is  at  once  known  by  the  production  of  a 
brilliant  black  metallic  spot  of  reduced  arsenic  on  the  porcelain;  or  the 
gas  is  passed  through  a  glass  tube  heated  at  one  or  two  places  to  redness, 
whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring  of  metallic  arsenic 
appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  observed  (page  419)  that  antimonetted  hydrogen  gives  a 
similar  result.  In  order  to  distinguish  the  two  substances,  the  gas  may  be 
passed  into  a  solution  of  silver  nitrate.     Both  gases  give  rise  to  a  black 

*  Respecting  the  aeparation  of  the  araenlone  acid  by  diatyRto,  see  page  149. 
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precipitate,  which,  in  the  case  of  antimo netted  hydrogen,  consists  of  silver 
antimonide,  AggSb,  whilst  in  the  case  of  arsenetted  hydrogen,  it  is  pure 
sifrer,  the  arsenic  being  then  converted  into  arsenious  acid,  which  com- 
bines with  a  portion  of  silver  oxide.  The  silver  arsenite  remains  dissolved 
in  the  nitrio  acid  which  is  liberated  by  the  precipitation  of  the  silver,  and 


Pig.  176. 


may  be  thrown  down  with  its  characteristic  yellow 
color  by  adding  ammonia  to  the  liquid  filtered  off  from 
the  black  precipitate.  The  black  silver  antimonide, 
when  carefully  washed,  and  subsequently  boiled  with 
a  solution  of  tartaric  acid,  yields  a  solution  containing 
antimony  only,  from  which  hydrogen  sulphide  sepa- 
rates the  characteristic  orange-yellow  precipitate  of  an- 
timonious  sulphide. 

A  convenient  form  of  Marsh's  instrument  is  that 
shown  in  fig.  176 :  it  consists  of  a  bent  tube,  having  two 
bulbs  blown  upon  it,  fitted  with  a  stop-cock  and  nar- 
row jet.  Slips  of  lino  are  put  into  the  lower  bulb, 
which  is  afterwards  filled  with  the  liquid  to  be  ex- 
amined. On  replacing  the  stop-cock,  closed,  the  gas 
collects  and  forces  the  liquid  into  the  upper  bulb, 
which  then  acts  by  its  hydrostatic  pressure,  and  ex- 
pels the  gas  through  the  jet  so  Boon  as  the  stop-cock  is 
opened.  It  must  be  borne  in  mind  that  both  common 
sine  and  sulphuric  acid  often  contain  traces  of  arBenic. 
Mr.  Bloxam*  has  proposed  an  important  modification 
of  Marsh's  process  for  the  detection  of  arsenic  and  antimony  in  organic 
substances,  which  is  based  on  the  behavior  of  solutions  of  these  metals 
under  the  influence  of  the  electric  current.  Antimony  is  deposited  in  the 
metallic  state,  without  any  disengagement  of  antimonetted  hydrogen,  while 
arsenic  is  evolved  as  arsenetted  hydrogen,  which  may  be  recognized  by  the 
characters  already  indicated. 

A  slip  of  copper-foil  boiled  in  the  poisoned  liquid,  previously  acidulated 
with  hydrochloric  acid,  withdraws  the  arsenic,  and  becomes  covered  with 
a  white  alloy.  By  heating  the  metal  in  a  glass  tube,  the  arsenic  is  expelled, 
and  oxidised  to  arsenious  acid.    This  is  called  Reinsch's  test. 


BISMUTH. 

Atomic  weight,  210.     Symbol,  Bi. 

Bismuth  is  found  chiefly  in  the  metallic  state,  disseminated  through 
various  rocks,  from  which  it  is  separated  by  simple  exposure  to  heat.  The 
metal  is  highly  crystalline  and  very  brittle:  it  has  a  reddish-white  color, 
tnd  a  density  of  9-9.  Crystals  of  great  beauty  may  be  obtained  by  slowly 
cooling  a  considerable  mass  of  this  substance  until  solidification  has  com- 
menced, then  piercing  the  crust,  and  pouring  out  the  fluid  residue.  Bis- 
muth melts  at  about  260°  C.  (500°  F.),  and  volatilizes  at  a  high  temperature. 
It  is  remarkable  as  being  the  most  diamagnetic  of  all  known  bodies.  It  is 
little  oxidized  by  the  air,  but  burns  when  strongly  heated  with  a  bluish 
flame.    Nitrio  acid,  somewhat  diluted,  dissolves  it  freely. 

Bismuth  forms  three  classes  of  compounds,  in  which  it  is  bi-,  tri-,  and 
quinquivalent  respectively.  The  tri-compounds  are  the  most  stable  and 
the  most  numerous.  The  only  known  compounds  in  which  bismuth  is  quin- 
qmralent  are  indeed  the  pentoxide,  Bi206,  together  with  the  corresponding 
Mid  and  metallic  salts.     Nevertheless,  bismuth  is  regarded  as  a  pentad,  on 
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account  of  the  analogy  of  iU  compound  with  those  of  antimony.  SeTertl 
bismuth  compounds  are  known  in  which  the  metal  is  apparently  bivalent, 
but  really  trivalent,  as : 

B^'Cl,  Bi"0 

BLCl*  or   I  ;     Bi.Ov  or    I       ,  &c. 

Bi"Cl,  Bi"0 

Chlorides.  —  The  trichloride  or  Biemuthoiu  chloride  is  formed  when  bis- 
muth is  heated  in  a  current  of  chlorine  gas,  and  passes  oyer  as  a  white, 
easily  fusible  substance,  which  readily  attracts  moisture  from  the  air,  and 
is  converted  into  a  crystallized  hydrate.  The  same  substance  is  produced 
when  bismuth  iB  dissolved  in  nitromuriatio  acid,  and  the  solution  evapo- 
rated. Bismuthous  chloride  dissolves  in  water  containing  hydrochloric 
acid,  but  is  decomposed  by  pure  water,  yielding  a  white  precipitate  of  oxy- 
chloride : 

BiCl,  +  OH,  =  BiCIO  +  2HC1. 

The  dichloride,  Bi,Cl4,  produced  by  heating  the  trichloride  with  metallic 
bismuth,  is  a  brown,  crystalline,  easily  fusible  mass,  readily  decomposed 
by  water.  At  a  high  temperature  it  is  resolved  into  the  trichloride  and 
metallic  bismuth. 

Oxides. — The  trioxide,  or  Biemuthotu  oxide,  is  a  straw-yellow  powder,  ob- 
tained by  gently  igniting  the  neutral  or  basic  nitrate.  It  is  fusible  at  a 
high  temperature,  and  in  that  Btate  acts  towards  siliceous  matter  as  a 
powerful  flux. 

The  hydrate,  Bi^HO,.  or  Bi,08 .  OHr  is  obtained  as  a  white  precipitate 
when  a  solution  of  the  nitrate  is  decomposed  by  an  alkali.  Both  the  hy- 
drate and  the  anhydrous  oxide  dissolve  in  the  stronger  acids,  forming  the 
bismuthous  salts,  which  have  the  composition  Bi'"Rs,  where  R  denotes  an 
acid  radical,  e.  g.,  Bi'"Clj,  Bi'"(NO,),,  Bi"'t(S04)s.  Many  of  these  salts 
crystallise  well,  but  cannot  exist  in  solution  unless  an  excess  of  acid  is 
present.  On  diluting  the  solutions  with  water,  a  basic  salt  is  precipitated, 
and  an  acid  salt  remains  in  solution. 

The  normal  nitrate,  Bi'"(NO,), .  60 Hr  or  BitO, .  8N,0S .  100Hr  form?  large 
transparent  colorless  crystals,  which  are  decomposed  by  water  in  the  man- 
ner just  mentioned,  yielding  an  acid  solution  containing  a  little  bismuth, 
and  a  brilliant  white  crystalline  powder,  which  varieB  to  a  certain  extent 
in  composition  according  to  the  temperature  and  the  quantity  of  water  em- 
ployed, but  frequently  consists  of  a  basic  nitrate,  Bi,08 .  N,06 .  20Hr  or 
Bi'^NOj), .  Bif08 .  30HS.  A  solution  of  bismuth  nitrate,  free  from  any 
great  excess  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields  an 
insoluble  basic  nitrate,  very  similar  in  appearance  to  the  above,  but  con- 
taining rather  a  large  proportion  of  bismuth  oxide.  This  basic  nitrate  was 
once  extensively  employed  as  a  cosmetic,  but  it  is  said  to  injure  the  skin, 
rendering  it  yellow  and  leather-like.     It  is  used  in  medicine. 

Bitmuth  pentoxide,  or  Biemuthic  oxide,  —  When  bismuth  trioxide  is  sus- 
pended in  a  strong  solution  of  potash,  and  chlorine  passed  through 
the  liquid,  decomposition  of  water  ensues,  hydrochloric  acid  being  formed, 
and  the  trioxide  being  converted  into  the  pentoxide.  To  separate  any 
trioxide  that  may  have  escaped  oxidation,  the  powder  is  treated  with 
dilute  nitric  acid,  when  the  bismuthic  oxide  is  left  as  a  reddish  powder, 

which  is  insoluble  in  water.     This  substance  combines  with  bases,  but  the 

compounds  are  not  very  well  known.  According  to  Arppe,  there  is  an  acid 
i  bismuthate  containing  Bi2KHO,,  or  2Bi205.  j  J^q.    The  pentoxide 


when  heated  \o*es  oxygen,  an  intermediate  oxide,  Bi,04,  being  formed, 
waidi  mav  be  considered  as  biemutkous  biemuthate,  2Bi,04  =  Bi2Os .  Bi,08. 
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Bfamnth  is  sufficiently  characterized  by  the  decomposition  of  the  nitrate 
and  chloride  and  by  water,  and  by  the  black  precipitate  of  bismuth  sulphide, 
insoluble  in  ammonium-sulphide,  which  its  solutions  yield  when  exposed  to 
the  action  of  hydrogen  sulphide. 

A  mixture  of  8  parts  of  bismuth,  5  parts  of  lead,  and  8  of  tin,  is  known 
under  the  name  of  fusible  metal,  and  is  employed  in  taking  impressions  from 
dies  and  for  other  purposes :  it  melts  below  100°C. 

Bismuth  is  used,  in  conjunction  with  antimony,  in  the  construction  of 
thermo-electric  piles,  these  two  metals  forming  the  opposite  extremes  of  the 
thermo-electric  series. 


VAHADITJH. 
Atomic  weight,  51*2.    Symbol,  V. 

Vanadium  is  found,  in  small  quantity,  in  some  iron  ores,  and  also  as  vana- 
date of  lead.  It  has  also  been  discovered  in  the  iron  slag  of  Staffordshire, 
and  recently,  by  Roscoe,*  in  larger  quantity  in  the  copper-bearing  beds  at 
Alderley  Edge  and  Mottram  St.  Andrews,  in  Cheshire.  Metallic  vanadium 
remains  when  vanadium  nitride  is  heated  to  whiteness  in  ammonia  gas,  but 
it  does  not  appear  to  have  been  obtained  pure.  It  is  described  as  a  white, 
brittle  substance,  having  a  strong  lustre,  and  very  refractory  in  the  fire. 

Vanadium  was,  till  lately,  regarded  as  a  hexad  metal,  analogous  to  tang- 
sten  and  molybdenum ;  but  Roscoe  has  shown  that  it  is  a  pentad,  belonging 
to  the  phosphorus  and  arsenic  group.  This  conclusion  is  based  upon  the 
composition  of  the  oxides  and  oxychlorides ;  and  on  the  isomorphism  of  the 
vanadates  with  the  phosphates.  The  chlorides,  and  other  compounds  of 
vanadium  with  monad  chlorous  elements,  have  not  yet  been  obtained. 

Vanadium  Oxidks. — Vanadium  forms  four  oxides,  represented  by  the 
formulae,  V-Or  Vfly  V204,  V206,  analogous  therefore  to  the  oxides  of  nitro- 
gen, excepting  that  the  vanadium  oxide  analogous  to  nitrogen  monoxide  is 
not  yet  known. 

The  dioxide,  VsO»  which  was  regarded  by  Berzelius  as  metallic  vanadium, 
is  obtained  by  reducing  either  of  the  higher  oxides  with  potassium,  or  by 
passing  the  vapor  of  vanadium-oxytricbloride,  (VOCls),  mixed  with  excess 
of  hydrogen,  through  a  combustion-tube  containing  red-hot  charcoal.  As 
obtained  by  the  second  process,  it  forms  a  light-gray  glittering  powder,  or 
a  metallically  lustrous  crystalline  crust,  having  a  specific  gravity  of  3-64, 
brittle,  very  difficult  to  fuse,  and  a  conductor  of  electricity.  When  heated 
to  redness  in  the  air,  it  takes  fire  and  burns  to  black  oxide.  It  is  insoluble 
in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but  dissolves  easily  in 
nitromuriatic  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydro- 
gen (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam),  on  a  solution 
of  vanadic  acid  in  sulphuric  acid.  After  passing  through  all  shades  of  blue 
and  green,  the  liquid  acquires  a  permanent  lavender  tint,  and  then  contains 
the  vanadium  in  solution  as  dioxide,  or  as  hypo-vanadious  salt.  This  com- 
pound absorbs  oxygen  more  rapidly  than  any  other  known  agent,  and 
bleaches  indigo  and  other  vegetable  colors  as  quickly  as  chlorine. 

Vanadium  dioxide  may  be  regarded  as  entering  into  many  vanadium 
compounds,  as  a  bivalent  radical  (just  like  uranyl  in  the  uranio  compounds), 
and  may  therefore  be  called  vanadyl. 

Vanadium  triozide,  V,Or  or  Vanadyl  monoxide,  (VaO,)"0,  is  obtained  by 
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igniting  the  pentoxide  in  hydrogen  gas,  or  in  a  crucible  lined  with  char- 
coal. It  is  a  black  powder,  with  an  almost  metallic  lustre,  and  infusible; 
by  pressure  it  may  be  united  into  a  coherent  mass  which  conducts  elec- 
tricity. When  exposed  warm  to  the  air,  it  glows,  absorbs  oxygen,  and  is 
converted  into  pentoxide.  At  ordinary  temperatures,  it  slowly  absorbs 
oxygen,  and  is  converted  into  tetroxide.  By  ignition  in  chlorine  gas  it  is 
converted  into  vanadyl-trichloride  and  vanadium-pentoxide.  It  is  insoluble 
in  acids,  but  may  be  obtained  in  solution  by  the  reducing  action  of  nascent 
hydrogen  (evolved  from  metallic  magnesium)  on  a  solution  of  vanadic  acid 
in  sulphuric  acid. 

Vanadious  oxide,  Vanadium  tetroxide,  or  Vanadyl  dioxide,  V,04  =  (  V,O,)0r— 
This  oxide  is  produced,  either  by  the  oxidation  of  the  dioxide  or  trioxide, 
or  by  the  partial  reduction  of  the  pentoxide.  By  allowing  the  trioxide  to 
absorb  oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue 
shining  crystals.  It  dissolves  in  acids,  the  more  easily  in  proportion  as  it 
has  been  less  strongly  ignited,  forming  solutions  of  vanadious  salts,  which 
have  a  bright  blue  color.  The  same  solutions  are  produced  by  the  action 
of  moderate  reducing  agents,  such  as  sulphurous,  sulph-hydric,  or  oxalic 
acid,  upon  vanadic  acid  in  solution ;  also  by  passing  air  through  acid  solu- 
tions of  the  dioxide  till  a  permanent  blue  color  is  attained.  With  the  hydrate* 
and  normal  carbonates  of  the  fixed  alkalies,  they  form  a  grayish-white  precipi- 
tate of  hydrated  vanadious  oxide,  which  dissolves  in  a  moderate  excess  of 
the  reagent,  but  is  reprecipitated  by  a  large  excess  in  the  form  of  a  vanadite 
of  the  alkali-metal. 

Ammonia  in  excess  produces  a  brown  precipitate,  soluble  in  pure  water, 
but  insoluble  in  water  containing  ammonia. — Ammonium  sulphide  forms  a 
black-brown  precipitate,  soluble  in  excess.  —  Tincture  of  galls  forms  a  finely 
divided  black  precipitate,  which  gives  to  the  liquid  the  appearance  of  ink. 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  form- 
ing salts  called  vanadites,  all  of  which  are  insoluble,  except  those  of  the 
alkali-metals.  The  solutions  of  the  alkaline  vanadites  are  brown,  but  when 
treated  with  hydrogen  sulphide,  they  acquire  a  splendid  red-purple  color, 
arising  from  the  formation  of  a  sulphur-salt.  —  Acids  color  them  blue,  by 
forming  a  double  vanadious  salt ;  tincture  of  galls  colors  them  blackish-blue. 
The  insoluble  vanadites,  when  moistened  or  covered  with  water,  become 
green,  and  are  converted  into  vanadates. 

Vanadium  pentoxide,  Vanadic  oxide,  or  Vanadyl  trioxide,  V,0$  =  (V,Ot)Or 
This  is  the  highest  oxide  of  vanadium.  It  may  be  prepared  from  native 
lead  vanadate.  This  mineral  is  dissolved  in  nitric  acid,  and  the  lead  and 
arsenic  are  precipitated  by  hydrogen  sulphide,  which  at  the  same  time  re- 
duces the  vanadium  pentoxide  to  tetroxide.  The  blue  filtered  solution  is 
then  evaporated  to  dryness,  and  the  residue  digested  in  ammonia,  which 
dissolves  out  the  vanadic  oxide  reproduced  during  evaporation.  In  this 
solution  a  lump  of  sal-ammoniac  is  put;  as  that  salt  dissolves,  ammonium 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a  saturated 
solution  of  ammonium  chloride.  By  exposure  to  a  temperature  below  red- 
ness in  an  open  crucible,  the  ammonia  is  expelled,  and  vanadic  oxide  left. 
By  a  similar  process,  Rosco  has  prepared  vanadic  oxide  from  a  lime  precip- 
itate containing  2  per  cent,  of  vanadium,  obtained  in  working  up  a  poor 
cobalt  ore  from  Mot  tram  in  Cheshire. 

Vanadium  pentoxide  has  a  reddish-yellow  color,  and  dissolves  in  1000 
parts  of  water,  forming  a  light  yellow  solution.  It  dissolves  also  in  the 
stronger  acids,  forming  red  or  yellow  solutions,  some  of  which  yield  crys- 
talline compounds  (vanadic  salts)  by  spontaneous  evaporation.  It  unites, 
however,  with  bases  more  readily  than  with  acids,  forming  salts  called  vana- 
dates. When  fused  with  alkaline  carbonates,  it  eliminates  3  molecules  of  car- 
bon dioxide,  forming  orthovanadates  analogous  to  the  orthoplosphates ;  thus : 
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8(C0,.Na,0)      +      V20.      =     V.05 .  8Naa0     -f-     8C0r 
Sodium  car-  Vanadie  Sodium  ortho-  Carbon 

bonate.  oxide.  vanadate,  dioxide. 

It  also  forms  metavanadates  analogous  to  the  metaphosphates,  and  two 
series  of  acid  vanadate*  or  anhydrovanadates,  viz. : 

Lead  orthovanadate     .     (V04),Pb"8  or   V,05 .  8Pb"0 

Strontium  metavanadate  (VO,)^r//  or    V,05  .    Sr"0 

Strontium  dWanadate       (VOs),Sr"  .    Va05  or  2V,05 .    Sr"0 
Strontium  trivanadate      (VOt),Sr"  .  2V20,  or  8V,Ofi  .    Sr"0. 

Lead  metavanadate  occurs  native  as  dechenite;  the  orthovanadate  also, 
combined  with  lead  chloride,  as  vanadinite  or  vanadite,  PbCl1.8(V04),Pb-, 
the  mineral  in  which  vanadium  was  first  discovered.  Descloizite  is  a  di- 
plumbic  vanadate,  V107Pb//2  or  V205 .  2PbO,  analogous  in  composition  to  a 
pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them,  however,  especially 
those  of  the  alkaline  earth-metals,  and  of  zinc,  cadmium,  and  lead,  are  con- 
verted by  warming  —  either  in  the  solid  state,  or  under  water,  or  in  aque- 
ous solution,  especially  in  presence  of  a  free  alkali  or  alkaline  carbonate — 
into  isomeric  colorless  salts.  The  same  transformation  takes  place  also, 
though  more  slowly,  at  ordinary  temperatures.  The  metavanadates  of  al- 
kali-metal are  colorless.  The  acid  vanadates  are  yellow,  or  yellowish-red, 
both  in  the  solid  state  and  in  solution:  hence  the  solution  of  a  .neutral  vana- 
date becomes  yellowish-red  on  addition  of  an  acid.  The  metavanadates  of 
ammonium,  the  alkali-metals,  barium,  and  lead,  are  but  sparingly  soluble 
in  water;  the  other  metavanadates  are  more  soluble.  The  alkaline  vana- 
dates are  more  soluble  in  pure  water  than  in  water  containing  free  alkali 
or  salt:  hence  they  are  precipitated  from  their  solutions  by  addition  of 
alkali  in  excess,  or  of  salts.  The  vanadates  are  insoluble  in  alcohol.  The 
aqueous  solutions  of  vanadates  form  yellow  precipitates  with  antimony,  cop- 
per, lead,  and  mercury  salts:  with  tincture  of  galls,  they  form  a  deep  black 
liquid,  which  has  been  proposed  for  use  as  vanadium  ink. 

Hydrogen  sulphide  reduces  them  to  vanadites,  changing  the  color  from  red 
or  yellow  to  blue,  and  forming  a  precipitate  of  sulphur.  Ammonium  sulphide 
colors  the  solutions  brown-red,  and,  on  adding  an  acid,  a  light-brown  pre- 
cipitate is  formed  consisting  of  vanadio  sulphide  mixed  with  sulphur,  the 
liquid  at  the  same  time  turning  blue.  Hydrochloric  acid  decomposes  the 
vanadates,  with  evolution  of  chlorine  and  formation  of  vanadium  tetroxide. 

Vanadium  Oxychlorides,  or  Vanadyl  Chlorides. — Four  of  these  com- 
pounds are  known,  viz.,  VOC1,,  VOC1,,  VOC1,  and  V,0,C1. 

The  ozytrichloride,  VO//Cls  (formerly  regarded  as  vanadium  trichloride), 
is  prepared : 

(1)  By  the  action  of  chlorine  on  the  trioxide: 

3VaO,        +        C1M        =        VaO,        +        4VOC1,. 

(2)  By  burning  the  dioxide  in  chlorine  gas,  or  by  passing  that  gas  over  an 
ignited  mixture  of  the  trioxide,  tetroxide,  or  pentoxide,  and  condensing  the 
vapors  in  a  cooled  TJ-tube. 

Vanadium  oxytrichloride,  or  vanadyl  trichloride,  is  a  golden-yellow  liquid, 
of  specific  gravity  1-841  at  14-5°  C.  (68°  FA  Boiling  point,  127°  C.  (260° 
f ).  Vapor-density,  by  experiment,  6-108;  by  calculation,  6-119.  When 
exposed  to  the  air,  it  emits  cinnabar-colored  vapors,  being  resolved  by  the 
moisture  of  the  air  into  hydrochloric  and  vanadic  acids.  It  oxidizes  mag- 
nesium and  Bodium.  Its  vapor,  pasBed  over  perfectly  pure  carbon  at  a  red 
beat,  yields  carbon  dioxide;  and  when  passed,  together  with  hydrogen, 
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through  a  red-hoi  tube,  yields  vanadium  trioxide.     These  reactions  show 
that  the  compound  contains  oxygen. 

The  other  oxyohlorides  of  vanadium  are  solid  bodies  obtained  by  partial 
reduction  of  the  oxytrichloride  with  zinc  or  hydrogen. 

Vanadium  Sulphides.  —  Two  of  these  compounds  are  known,  analogous 
to  the  tetroxide  and  pentoxide ;  both  are  sulphur  acids.  The  Utrasulpkadc, 
or  Vanadiotu  tulphide,  VZS4,  is  a  black  substance  formed  by  heating  the 
tetroxide  to  redness  in  a  stream  of  hydrogen  sulphide;  also  as  a  hydrate 
by  dissolving  a  yanadious  salt  in  excess  of  an  alkaline  monosulphide,  and 
precipitating  with  hydrochloric  acid.  The  ptnlasulphicU,  or  Yanadic  nd~ 
phide,  VgSs,  is  formed  in  like  manner  by  precipitation  from  an  alkaline 
vanadate. 

Vanadium  Nitrides. — The  mononitride,  VN,  is  formed  by  heating  the 
compound  of  vanadium  oxytrichloride  with  ammonium  chloride  to  white- 
ness in  a  current  of  ammonia  gas.  It  is  a  greenish-white  powder  unalter- 
able in  the  air.  The  dmitride,  VNr  or  V,N4,  is  obtained  by  exposing  the 
same  double  salt  in  ammonia  gas  to  a  moderate  heat  It  is  a  black  powder 
strongly  acted  upon  by  nitric  acid.  These  compounds  are  of  importance, 
as  they  promise  to  yield  metallic  vanadium,  and  thence  also  the  chlorides, 
bromides,  Ac,  of  that  metaL 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt  in  the 
outer  blow-pipe  flame  produce  a  clear  bead,  which  is  colorless  if  the 
quantity  of  vanadium  is  small,  yellow  when  it  is  large ;  in  the  inner  flame 
the  bead  acquires  a  beautiful  green  color. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are  red: 
they  are  distinguished  from  one  another  by  the  vanadic  acid  becoming  blue, 
and  the  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an  alkaline 
vanadate,  is  shaken  up  with  ether  containing  hydrogen  dioxide,  the  aqueous 
solution  acquires  a  red  color,  like  that  of  ferric  acetate,  while  the  ether 
remains  colorless.  This  reaction  will  serve  to  detect  the  presence  of  1  part 
of  vanadic  acid  in  40,000  parts  of  liquid.  The  other  reactions  of  vanadium 
in  solution  have  already  been  described. 


TAHTALim. 

Atomic  weight,  182.     Symbol,  Ta. 

This  metal  was  discovered,  in  1803,  by  Ekeberg,  in  two  Swedish  minerals, 
tantalite  and  yttrotantnlite.  A  very  similar  metal,  columbium,  had  been 
discovered  in  the  preceding  year  by  Hatchett,  in  columbite  from  Massachu- 
setts; and  Wollaston,  in  1807,  on  comparing  the  compounds  of  these  metals, 
concluded  that  they  were  identical,  an  opinion  which  was  for  many  years 
received  as  correct;  but  their  separate  identity  has  been  completely  estab- 
lished by  the  researches  of  H.  Rose  (commenced  in  1846),  who  gave  to  the 
metal  from  the  American  and  Bavarian  columbites,  the  name  Atofcvm,  by 
which  it  is  now  universally  known.  More  recently,  Marignac  has  shown 
that  nearly  all  tantalites  and  columbites  contain  both  tantalum  and  niobium 
(or  coltimbium),  some  tantalates,  from  Kimito,  in  Finland,  being,  how- 
ever, free  from  niobium,  and  some  of  the  Greenland  columbites  containing 
only  the  latter  metal  unmixed  with  tantalum.  In  all  these  minerals  tan- 
talum exists  as  a  tantalate  of  iron  and  manganese ;  y ttrotantalite  is  essen- 
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titlly  a  tantalate  of  yttrium,  containing  also  uranium,  calcium,  iron,  and 
other  metals.     Tantalum  is  also  contained  in  some  varieties  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of  potassium 
or  sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and 
washing  out  the  soluble  salts  with  water.  It  is  a  black  powder,  which, 
when  heated  in  the  air,  burns  with  a  bright  light,  and  is  converted,  though 
with  difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydro- 
chloric, nitric,  or  even  nitromuriatic  acid.  It  dissolves  slowly  in  warm 
•  aqueous  hydrofluoric  acid,  with  evolution  of  hydrogen,  and  very  rapidly 
in  a  mixture  of  hydrofluoric  and  nitric  acids. 

Tantalum,  in  its  principal  compounds,  is  quinquivalent,  the  formula  of 
tantalic  chloride  being  TaCl5,  that  of  tantalic  fluoride,  TaF.,  and  that  of 
tantalic  oxide  (which,  in  combination  with  bases,  forms  the  tantalates), 
Ta>Os.  There  is  also  a  tantalous  oxide,  said  to  have  the  composition  TaO„ 
and  a  corresponding  sulphide,  TaSr 

Tantalio  Chloridb.— TaClB  is  obtained,  as  a  yellow  sublimate,  by  ignit- 
ing an  intimate  mixture  of  tantalic  oxide  and  charcoal  in  a  stream  of 
chlorine  gas.  It  begins  to  volatiliie  at  144°  C.  (291°  F.)  and  melts  to  a 
yellow  liquid  at  221°  C.  (430°  F.)  The  vapor-density  between  360°  and 
440°  (662°  and  824°  F.}  has  been  found  by  Deville  and  Troost  to  be  12-42 
referred  to  air,  or  178-9  referred  to  hydrogen:  by  calculation,  for  the 
normal  condensation  to  two  volumes,  it  is  179-76.  Tantalic  chloride  is  de- 
composed by  water,  yielding  hydrochloric  and  tantalic  acids;  but  the  de- 
composition is  not  oomplete  even  at  the  boiling-heat. 

Tahtalic  Fluoridb,  TaFs,  is  obtained  in  solution  by  treating  tantalic  hy- 
drate with  aqueous  hydrofluoric  acid.  The  solution,  mixed  with  alkaline 
fluorides,  forms  soluble  crystallizable  salts,  called  tantalofluoridee  or  fluotan- 
t*teU».  The  potassium  salt,  TaK,FT  or  TaFB.2KF,  crystallises  in  monoclinic 
prisms,  lsomorphous  with  the  corresponding  fluoniobate. 

Tahtalic  Oxidb,  Ta,0„  is  produced  when  tantalum  burns  in  the  air,  also  by 
the  action  of  water  on  tantalic  chloride,  and  may  be  separated  as  a  hydrate 
from  the  tantalates  by  the  action  of  acids.  It  may  be  prepared  from  tan- 
Ulite,  which  is  a  tantalate  of  iron  and  manganese,  by  fusing  the  finely  pul- 
verized mineral  with  twice  its  weight  of  potassium  hydrate,  digesting  the 
fused  mass  in  hot  water,  and  supersaturating  the  filtered  solution  with  hy- 
drochloric or  nitric  acid :  hydrated  tantalic  oxide  is  then  precipitated  in 
white  flocks,  which  may  be  purified  by  washing  with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate, 
is  a  white  powder,  varying  in  density  from  7-022  to  8-264,  according  to  the 
temperature  to  which  it  has  been  exposed.  Heated  in  ammonia  gas  it 
yields  tantalum  nitride:  heated  with  carbon  bisulphide,  it  is  converted  into 
unlalum  bisulphide.  It  is  insoluble  in  all  acids,  and  can  be  rendered  solu- 
ble only  by  fusion  with  potassium  hydrate  or  carbonate. 

Hydrated  Tantalic  Oxide,  or  Tantalic  acid,  obtained  by  precipitating  an 
HUfT,!0ll,tl0nJ  0f  Pot*88iu*  tantalate  with  hydrochloric  acid;  is  a  snow- 
wmte  bulky  powder,  which  dissolves  in  hydrochloric  and  hydrofluoric  acids : 
when  strongly  heated,  it  glows  and  gives  off  water. 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the  tantalates, 
which  are  represented  by  the  formula,  Ta,0,.M.O  and  8TaA.4M.O,  the 
first  including  the  native  tantalates,  such  as  ferrous  tantalate,  and  the 
second  certain  easily  crystallizable  tantalates  of  the  alkali-metals.  The 
jantalates  of  the  alkali-metals  are  soluble  in  water,  and  are  formed  by 
xusing  tantalic  oxide  with  caustic  alkalies:  those  of  the  earth-metals  and 
«svy  metals  are  insoluble,  and  are  formed  by  precipitation. 

*  fwm«*  °«npl«te  methods  of  preparation,  sm  Watta's  Dictionary  of  ChemJatry,  rcl.  v.  p.  600. 
©7 
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Tantalum  dioxide,  or  Tantalou*  oxide,  TaOr  may  be  represented  by  the 

Ta**0, 
formula  I         ,  in  which  the  metal  is  still  quinquivalent.    It  is  produced 

Ta^O, 
by  exposing  tantalie  oxide  to  an  intense  heat  in  a  crucible  lined  with  char- 
coal.    It  is  a  hard  dark-gray  substance,  which,  when  heated  in  the  air,  is 
converted  into  tantalie  oxide. 


Hydrochloric,  or  sulphuric  acid,  added  in  excess  to  a  solution  of  alkaline ' 
tantalate,  forms  a  precipitate  of  tantalie  acid,  which  redissolves  in  excess  of 
the  hydrochloric,  but  not  of  the  sulphuric  acid.  Potassium  ferrocyamde, 
added  to  a  very  slightly  acidulated  solution  of  an  alkaline  tantalate,  forms 
a  yellow  precipitate ;  the  ferrieyanide,  a  white  precipitate.  Infusion  ofgalU 
forms  a  light-yellow  precipitate,  soluble  in  alkalies.  When  tantalie  chloride 
is  dissolved  in  strong  sulphuric  acid,  and  then  water  and  metallic  tine  are 
added,  a  fine  blue  color  is  produced,  which  does  not  turn  brown,  but  soon 
disappears. 

Tantalie  oxide  fused  with  microcosmic  salt  in  either  blowpipe  flame  forms 
a  clear,  colorless  glass,  which  does  not  turn  red  on  addition  of  a  ferrous 
salt.  With  borax  it  also  forms  a  transparent  glass,  which  may  be  rendered 
opaque  by  interrupted  blowing,  or  flaming. 


HIOBIUX,  or  COLTTKBirrK. 
Atomio  weight,  94.    Symbol,  Nb. 

This  metal,  discovered  in  1801  by  Hatchett,  in  American  col  umbite,  exists 
likewise,  associated  with  tantalum,  in  columbites  from  other  sources,  and 
in  most  tantalites ;  also,  associated  with  yttrium,  uranium,  iron,  and  small 
quantities  of  other  metals,  in  Siberian  Samarskite,  urano-tantalite,  or 
y ttroilmenite ;  also  in  pyrochlore,  euxenite,  and  a  variety  of  pitchblende 
from  Satersd'alen  in  Norway. 

The  metal,  obtained  in  the  same  manner  as  tantalum,  is  a  black  powder, 
which  oxidises  with  incandescence  when  heated  in  the  air.  It  dissolves  in 
hot  hydrofluoric  acid,  with  evolution  of  hydrogen,  and,  at  ordinary  tem- 

Eeratures,  in  a  mixture  of  hydrofluoric  and  nitric  acid ;  slowly,  also,  when 
eated  with  strong  sulphuric  acid.  It  is  oxidised  by  fusion  with  acid  potas- 
sium sulphate,  and  gradually  converted  into  potassium  niobate  by  fusion 
with  potassium  hydrate  or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  class  of  compounds,  namely, 
a  chloride,  *NbClft;  oxide,  Nb,0B;  oxychloride,  NbOClj,  &c. 

Niobio  Oxide,  Nb2Os,  is  formed  when  the  metal  burns  in  the  air.  It  is 
prepared  from  columbite,  Ac.,  by  fusing  the  levigated  mineral  in  a  platinum 
crucible  with  6  or  8  parts  of  acid  potassium  sulphate,  removing  soluble  salts 
by  boiling  the  fused  mass  with  water,  digesting  the  residue  with  ammonium 
sulphide  to  dissolve  tin  and  tungsten,  boiling  with  strong  hydrochloric  acid 
to  remove  iron,  uranium,  and  other  metals,  and  finally  washing  with  water. 
Niobic  oxide  is  thus  obtained  generally  mixed  with  tantalie  oxide,  from 
which  it  is  separated  by  means  of  hydrogen  and  potassium  fluoride,  HF .  KF, 
which  converts  the  tantalum  into  sparingly  soluble  potassium  tantofluoride, 
2KF.  TaFr  and  the  niobium  into  easily  soluble  potassium  nioboxyfluoride, 
2KF .  NbOF,.  Aq. 

Niobio  oxide  is  also  produoed  by  decomposing  niobic  chloride,  or  oxy- 
chloride, with  water :  when  pure  it  has  a  specific  gravity  qf  4*4  to  4*5.    It 
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is  an  Mid  oxide,  uniting  with  basic  oxides,  and  forming  salts  called  niobaUs, 
some  of  which  occur  as  natural  minerals :  columbite,  tor  example,  being  a 
ferro-maaganous  niobate.  The  potassium  niobates  crystallize  readily,  and 
in  well-defined  forms.  Marignac  has  obtained  the  salts  4K,0 .  3Nht05 .  I6aq. 
crystallising  in  monoclinic  prisms ;  8KfO .  7Nb,0, .  32aq.  in  pyramidal  mono- 
clinic  crystals;  8K,0. 2Nbt05.  13aq.  in  rhoniboidal  prisms;  and  K,0. 
&Sbfi§.  oaq.  as  a  pulverulent  precipitate,  by  boiling  a  solution  of  potassium 
nioboxy-fluoride  with  potassium  carbonate.  The  sodium  nictates  are  crys- 
talline powders  which  decompose  during  washing.  There  is  also  a  sodium 
and  potassium  niobate,  containing  Na,0 .  3K,0 .  8NbsOs .  9aq. 

Niobic  Chloride,  NbClj,  is  obtained,  together  with  the  oxychloride,  by 
heating  an  intimate  mixture  of  niobic  oxide  and  charcoal  in  a  stream  of 
chlorine  gas.  It  is  yellow,  volatile,  and  easily  fusible.  Its  observed  vapor- 
density,  according  to  Deville  and  Troost,  is  9*6  referred  to  air,  or  138-6 
referred  to  hydrogen  as  unity :  by  calculation  for  a  two-volume  condensa- 

tion,  it  is  M  +  f  *  85'SM  185-75.  The  ozychloride,  NbOCl,,  is  white,  vola- 
tile, bat  not  fusible :  its  specific  gravity,  referred  to  hydrogen,  is,  by  obser- 
vation, 11406;  by  calculation,  94  +  16  +  3  -  85'6as  109  25.  Both  these 
compounds  are  converted  by  water  into  niobio  oxide. 

Niobic  Oxyfluoride,  JtbOF,,  is  formed  by  dissolving  niobic  oxide  in 
hydrofluoric  acid.  It  unites  with  the  fluorides  of  the  more  basic  petals, 
forming  salts  isomorphous  with  the  titanofluorides,  stannofluoridea,  and 
tungstofluorides,  1  atom  of  oxygen  in  these  salts  taking  the  place  of  2  atoms 
of  fluorine.  Marignac  has  obtained  five  potassium  nioboxyfluorides,  all 
perfectly  crystallised,  namely : 

2KF.NbOFj.aq.,  crystallizing  in  monoclinic  plates, 

8KF.Nb0Fs  "  cuboid  forms  (systems  undetermined), 

3K.HF.NbOF,  "  monoclinic  needles, 

5KF.3NbOF9.aq.  "  hexagonal  prisms, 

4KF.8NbOF, .  2aq.         "  triclinic  prisms. 

Potassium  niobofluoride,  8KF.NbF5,  separates  in  shining  monoclinio  nee- 
dles from  a  solution  of  the  first  of  the  nioboxyfluorides  above  mentioned 
in  hydrofluoric  acid.  Nioboxyfluorides  of  ammonium,  sodium,  zinc,  and 
copper  have  also  been  obtained. 

The  isomorphism  of  these  salts  with  the  stannofluorides,  titanofluorides, 
and  tungstofluorides,  shows  clearly  that  the  existence  of  isomorphism  be- 
tween the  corresponding  compounds  of  any  two  elements,  must  not  be 
taken  as  a  decided  proof  that  those  elements  are  of  equal  atomicity :  for 
in  the  case  now  under  consideration,  we  have  isomorphous  salts  formed  by 
tin  and  titanium,  whioh  are  tetrads,  niobium,  which  is  a  pentad,  and  tung- 
sten, which  is  a  hexad. 


The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any 
other  metal  except  tantalum.  The  most  characteristic  reactions  of  niobates 
and  Untalates  with  liquid  reagents  are  the  following  :  — 
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Hydrochloric  acid 
Ammonium  ehloride . 


Potassium  ferrooyanide 
••         ferrioyanide , 

Infusion  of  galls  .    .    . 
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NiobaUt. 

White  precipitate,  insol- 
uble in  excess. 

Precipitation  slow  and 
incomplete. 

Red  precipitate. 
Bright  yellow   precipi- 
tate. 
Orange-red  precipitate. 


TanUOaiet. 

White  precipitate,  solu- 
ble in  excess. 

Complete  precipitation 
as  acid  ammonium 
tantalate. 

Yellow  precipitate. 

White  precipitate. 

Light    yellow    precipi- 


Niobic  oxide,  heated  with  borax  in  the  outer  blow-pipe  flame,  forms  a 
colorless  bead,  which,  if  the  oxide  is  in  sufficient  quantity,  becomes 
opaque  by  interrupted  blowing  or  flaming.  In  microcosmic  salt  it  dissolres 
abundantly,  forming  a  colorless  bead  in  the  outer  flame,  and  in  the  inner 
a  violet-colored,  or  if  the  bead  is  saturated  with  the  oxide,  a  beautiful 
blue  bead,  the  color  disappearing  in  the  outer  flame 


CLASS  VI.— HEXAD  METALS. 


CHBOMIUM. 
Atomic  weight,  62-5.    Symbol,  Cr. 

CHROMIUM  is  found  in  the  state  of  oxide,  in  combination  with  iron 
oxide,  in  some  abundance  in  the  Shetland  Islands,  and  elsewhere:  as 
lead  chromate  it  constitutes  a  very  beautiful  mineral,  from  which  it  was 
first  obtained.  The  metal  itself  is  prepared  in  a  half-fused  condition  by 
mixing  the  oxide  with  half  its  weight  of  charcoal-powder,  enclosing  the 
mixture  in  a  crucible  lined  with  charcoal,  and  then  subjecting  it  to  the 
Tery  highest  heat  of  a  powerful  furnace. 

Deville  has  prepared  metallic  chromium  by  reducing  pure  chromium 
sesqnioxide,  by  means  of  an  insufficient  quantity  of  charooal,  in  a  lime 
crucible.  Thus  prepared,  metallic  chromium  is  less  fusible  than  platinum, 
tnd  as  hard  as  corundum.  It  is  readily  acted  upon  by  dilute  hydrochloric 
acid,  less  so  by  dilute  sulphuric  acid,  and  not  at  all  by  concentrated 
nitric  acid.  Fr&ny  obtained  chromium  in  small  cubic  crystals,  by  the 
action  of  sodium  vapor  on  chromium  trichloride  at  a  red  heat.  The  crys- 
talline chromium  resists  the  action  of  concentrated  acids,  even  of  nitromu- 
riatic  acid. 

Chromium  forms  a  hexfluoride,  CrHFfl,  and  a  corresponding  oxide, 
0*0,,  analogous  to  sulphuric  oxide ;  also,  an  acid,  Cr04H,,  analogous  to  sul- 
phuric acid,  with  corresponding  salts,  the  chromates,  which  are  isomorphous 
with  the  sulphates.  In  its  other  compounds,  chromium  resembles  iron,  form- 
ing the  chromic  compounds  Cr3Cla,  Cr309,  &c,  in  which  it  is  apparently  triva- 
lent  but  really  quadrivalent,  and  the  chromous  compounds,  CrClp  CrO,  &c., 
in  which  it  is  bivalent. 

Chlorides.  —  The  dichloride  or  Chromous  chloride,  CrCl,,  is  prepared  by 
heating  the  violet-colored  trichloride,  contained  in  a  porcelain  or  glass 
tube,  to  redness  in  a  current  of  perfectly  dry  and  pure  hydrogen  gas  :  hy- 
drochloric acid  is  then  disengaged,  and  a  white  foliated  mass  is  obtained, 
which  dissolves  in  water  with  great  elevation  of  temperature,  yielding  a 
blue  solution,  which,  on  exposure  to  the  air,  absorbs  oxygen  with  extraor- 
dinary energy,  acquiring  a  deep  green  color,  and  passing  into  the  state 
of  chromic  oxy chloride,  CrxC]fl.CrJ01.  Chromous  chloride  is  one  of  the 
most  powerful  reducing  or  deoxidizing  agents  known,  precipitating  calo- 
mel from  a  solution  of  mercuric  chloride,  instantly  converting  tungstio  acid 
into  blue  tungsten  oxide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate  which  turns 
green  on  exposure  to  the  air;  with  ammonia  and  sal-ammoniac,  a  bluo 
solution  turning  red  on  exposure  to  the  air  ;  and  with  ammonium  sulphide, 
a  black  precipitate  of  chromous  sulphide. 

The  trichloride  or  Chromic  chloride,  Cr2Clfl.  is  obtained  in  the  anhydrous 
state  by  heating  to  redness  in  a  porcelain  tube  a  mixture  of  chromium  ses- 
quioxide  and  charcoal,  and  passing  dry  chlorine  gas  over  it.  The  tri- 
chloride sublimes,  and  is  deposited  in  the  cool  part  of  the  tube,  in  the  form 
87  *  437 
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of  beautiful  crystalline  plates  of  a  pale  violet  color.  It  is  totally  insoluble 
in  water  under  ordinary  circumstances,  even  at  the  boiling-heat.  It  dis- 
solves, however,  and  assumes  the  deep-green  hydrated  state  in  water  con- 
taining an  exceedingly  minute  quantity  of  the  dichloride  in  solution.  The 
hydration  is  marked  by  the  evolution  of  much  heat.  This  remarkable 
effect  must  probably  be  referred  to  the  class  of  actions  known  at  present 
under  the  name  of  catalysis. 

The  green  hydrated  chromio  chloride  is  easily  formed  by  dissolving 
chromic  hydrate  in  hydrochloric  acid,  or  by  boiling  lead  chromate,  or  silver 
chromate,  or  a  solution  of  chromic  acid,  with  hydrochloric  acid  and  a  re- 
ducing agent,  such  as  alcohol,  or  sulphurous  aoid,  or  even  with  hydro- 
chloric acid: — 

2CrOt  +  12HC1  =  Cr,Cl«  +  60H,  +  Clr 

The  solution  thus  obtained  exhibits  the  same  characters  as  the  chromio 
oxygen-salts.  When  evaporated  it  leaves  a  dark-green  syrup,  which,  when 
heated  to  100°  in  a  stream  of  dry  air,  yields  a  green  mass  containing  CrsClf. 
90Hr  The  same  solution  evaporated  in  a  vacuum  yields  green  granular 
crystals  containing  Cr^ClfOH,. 

Fluoridxb.— The  trifluoridc,  or  Chromic  fluoride,  CtjF-,  is  obtained  by 
treating  the  dried  sesquioxide  with  hydrofluoric  acid,  and  strongly  heating 
the  dried  mass,  as  a  dark-green  substance,  which  melts  at  a  high  tempera- 
ture, and  sublimes  when  still  more  strongly  heated,  in  shining  regular  oc- 
tahedrons. 

The  hcxfluoride,  CrFe,  is  formed  by  distilling  lead  chromate  with  fluorspar 
and  fuming  oil  cf  vitriol  in  a  leaden  retort,  and  condensing  the  vapors  in  a 
cooled  and  dry  leaden  receiver.  It  then  condenses  to  a  blood-red  fuming 
liquid,  which  volatilises  when  its  temperature  rises  a  few  degrees  higher. 
The  vapor  is  red,  and,  when  inhaled,  produces  violent  coughing  and  severe 
oppression  of  the  lungs.  The  hexfluoride  is  decomposed  by  water,  yield- 
ing hydrofluoric  and  chromio  acids.  A  fluoride,  intermediate  in  composi- 
tion between  the  two  just  described,  is  obtained  in  solution  by  decomposing 
the  brown  dioxide  by  hydrofluoric  acid.  The  solution  is  red,  and  yields  by 
evaporation  a  rose-colored  salt,  which  is  redissolved  without  alteration  by 
water,  and  precipitated  brown  by  ammonia. 

Oxides. — Chromium  forms  five  oxides,  containing  CrO,  Ci804,  Cr,0r 
CrOL,  and  CrOa,  the  first  three  being  analogous  in  composition  to  the  three 
oxides  of  iron. 

The  monoxide,  or  Chromous  oxide,  Cr//0,  is  formed  on  adding  potash  to  a 
solution  of  chromous  chloride,  as  a  brown  precipitate,  which  speedily  passes 
to  deep  foxy-red,  with  disengagement  of  hydrogen,  being  converted  into  a 
higher  oxide.  Chromous  oxide  is  a  powerful  base,  forming  pale-blue  salts, 
which  absorb  oxygen  with  extreme  avidity.  Potaasio-chromous  sulphate 
contains  (S04),-Cr//Kr  like  the  other  members  of  the  same  group. 

Triehromie  tttroxidt,  Crt04  =  CrO.C^Og,  is  the  above  mentioned  brownish- 
red  precipitate  produced  by  the  action  of  water  upon  the  monoxide.  The 
decomposition  is  not  complete  without  boiling.  This  oxide  corresponds  with 
the  magnetic  oxide  of  iron,  and  is  not  salifiable. 

Sesquioxide,  or  Chromic  oxide,  Cr,Or — When  mercurous  chromate,  pre- 
pared by  mixing  solutions  of  mercurous  nitrate  and  potassium  chromate,  or 
bichromate,  is  exposed  to  a  red  heat,  it  is  decomposed,  pure  chromium  ses- 
quioxide, having  a  fine  green  color,  remaining.  In  this  state  the  oxide  is, 
like  alumina  after  ignition,  insoluble  in  acids.  The  anhydrous  sesquioxide 
may  be  prepared  in  a  beautifully  crystalline  form  by  heating  potassium  bi- 
chromate, K,0.2CrO„  to  full  redness  in  an  earthen  crucible.     One-half  of 
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the  chromium  trioxide  contained  in  that  salt  then  suffers  decomposition, 
oxygen  being  disengaged  and  sesquioxide  left.  The  melted  mass  is  then 
treated  with  water,  which  dissolves  out  neutral  potassium  chromate,  and 
the  oxide  is,  lastly,  washed  and  dried.  Chromium  sesquioxide  communicates 
a  fine  green  tint  to  glass,  and  is  used  in  enamel  painting.  The  crystalline 
sesquioxide  is  employed  in  the  manufacture  of  razor-strops.  From  a  solu- 
tion of  chromium  sesquioxide  in  potash,  or  soda,  green  gelatinous  hydrated 
sesquioxide  of  chromium  is  separated  on  standing.  When  finely  powdered 
and  dried~over  sulphuric  acid,  it  consists  of  Cr,Os.60Hr  A  hydrate  may 
also  be  prepared  by  boiling  a  somewhat  dilute  solution  of  potassium  bichro- 
mate strongly  acidulated  with  hydrochloric  acid,  with  small  successive  por- 
tions of  sugar  or  alcohol.  In  the  former  case  carbon  dioxide  escapes:  in  the 
latter,  aldehyde  and  also  acetic  acid  are  formed,  substances  with  which  we 
shall  become  acquainted  in  organic  chemistry ;  and  the  chromic  acid  of  the 
salt  becomes  converted  into  chromium  trichloride,  the  color  of  the  liquid 
changing  from  red  to  deep  green.  The  reduction  may  also  be  effected,  as 
already  observed,  by  hydrochloric  acid  alone.  A  slight  excess  of  ammonia 
precipitates  the  hydrate  from  this  solution.  It  has  a  pale  purplish-green 
color,  which  becomes  full  green  on  ignition ;  an  extraordinary  shrinking  of 
Tolume  and  sudden  incandescence  are  observed  when  the  hydrate  is  decom- 
posed by  heat. 

Chromium  sesquioxide  is  a  feeble  base,  resembling,  and  isomorphous 
with,  iron  sesquioxide  and  alumina ;  its  salts  (chromic  salts)  have  a  green  or 
purple  color,  and  are  said  to  be  poisonous. 

Chromic  sulphate,  (SOACr~  is  prepared  by  dissolving  the  hydrated  oxide 
in  dilute  sulphuric  acid.  It  unites  with  the  sulphates  of  potassium  and 
ammonium,  giving  rise  to  magnificient  double  salts,  which  crystallize  in 
regular  octohedrons  of  a  deep  claret-color,  and  possess  a  constitution  re- 
sembling that  of  common  alum,  the  aluminium  being  replaced  by  chromium. 
The  ammonium-salt,  for  example,  has  the  composition  (S04)2Cr"'(NH4).12 
aq.  The  finest  crystals  are  obtained  by  spontaneous  evaporation,  the  solu- 
tion being  apt  to  be.  decomposed  by  heat. 

The  dioxide,  CrOr  which  is,  perhaps,  a  chromic  chromate,  CrOs .  0,0^ 
is  a  brown  substance  obtained  by  digesting  chromic  oxide  with  excess  of 
chromic  acid,  or  by  partial  reduction  of  chromic  acid  with  alcohol,  sulphur- 
ous acid,  Ac. 

Chromium  tbioxide,  Cr08 ;  in  combination  with  water,  forming  Chromic 
add,  CrOs.  OH,  =  Cr04H2  =  (CrO-)"(OH)r  Whenever  chromium  sesqui- 
oxide is  strongly  heated  with  an  alkali,  in  contact  with  air,  oxygen  is  ab- 
sorbed and  the  trioxide  generated.  Chromium  trioxide  may  be  obtained 
nearly  pure,  and  in  a  state  of  great  beauty,  by  mixing  100  measures  of  a 
cold  saturated  solution  of  potassium  bichromate  with  150  measures  of  oil  of 
vitriol,  and  leaving  the  whole  to  cool.  It  crystallizes  in  brilliant  crimson- 
red  prisms:  the  mother-liquor  is  poured  off,  and  the  crystals  are  placed 
upon  a  tile  to  drain,  being  closely  covered  by  a  glass  or  bell-jar.*  It  is  also 
formed  by  decomposing  the  hexfluoride  with  a  small  quantity  of  water. 
Chromium  trioxide  is  very  deliquescent  and  soluble  in  water:  the  solution 
is  instantly  reduced  by  contact  with  organic  matter. 

Chromic  acid  is  bibasic  and  analogous  in  composition  to  sulphuric  acid ; 
ite  salts  are  isomorphous  with  the  corresponding  sulphates. 

Potassium  chromate,  Cr04K,,  or  (Cr02)//(OK)r  —  This  salt  is  made  directly 
from  the  native  chrome-iron-ore,  which  is  a  compound  of  chromium  sesqui- 
oxide and  ferrous  oxide,  analogous  to  magnetic  iron  ore,  by  calcination  with 
nitre  or  with  potassium  carbonate,  or  with  caustic  lime,  the  ore  being  re- 
duced to  powder  and  heated  for  a  long  time  with  the  alkali  in  a  reverbera- 

•  Warington,  Memoirs  of  the  Chemical  Society,  i.  18. 
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torj  furnace.  The  product,  when  treated  with  water,  yields  a  yellow  solu- 
tion, which,  by  evaporation,  deposits  anhydrous  crystals  of  the  same  color, 
isomorphous  with  potassium  sulphate.  Potassium  chr ornate  has  a  cool, 
bitter,  and  disagreeable  taste,  and  dissolves  in  2  parts  of  water  at  15*5°. 

Potassium  bichromate,  or  anhydrochr ornate,  2CrOt .  K,0,  or  Cr04K,  .  CrOr  — 
When  sulphuric  acid  is  added  to  the  preceding  salt  in  moderate  quantity, 
one  half  of  the  base  is  removed,  and  the  neutral  chromate  converted  into 
bichromate.  The  new  salt,  of  which  immense  quantities  are  manufactured 
for  use  in  the  arts,  crystallises  by  slow  evaporation  in  beautiful  red  tabular 
crystals,  derived  from  a  prism.  It  melts  when  heated,  and  is  soluble  in  10 
parts  of  water;  the  solution  has  an  acid  reaction. 

Potassium  trichromate^CrO^ .  Kfi,  or  Cr04K, .  2CrO«  may  be  obtained  in 
crystals  by  dissolving  the  bichromate  in  an  aqueous  solution  of  chromic  acid, 
and  allowing  it  to  evaporate  over  sulphuric  acid. 

Lead  chromate,  Cr04Pb//.  —  On  mixing  solutions  of  potassium  chromate  or 
bichromate  with  lead  nitrate  or  acetate,  a  brilliant  yellow  precipitate  falls, 
which  is  the  compound  in  question ;  it  is  the  chrome-yellow  of  the  painter. 
Then  this  compound  is  boiled  with  lime-water,  one  half  of  the  acid  is  with- 
drawn, and  a  basic  lead  chromate  of  an  orange-red  color  left.  The  basic 
chromate  is  also  formed  by  adding  lead  chromate  to  fused  nitre,  and  after- 
wards dissolving  out  the  soluble  salts  by  water:  the  product  is  crystalline, 
and  rivals  vermilion  in  beauty  of  tint.  The  yellow  and  orange  chrome- 
colors  are  fixed  upon  cloth  by  the  alternate  application  of  the  two  solutions, 
and  in  the  latter  case  by  passing  the  dyed  stuff  through  a  bath  of  boiling 
lime-water. 

Silver  chromate,  Cr04Agr  —  This  salt  precipitates  as  a  reddish-brown  pow- 
der when  solutions  of  potassium  chromate  and  silver  nitrate  are  mixed. 
It  dissolves  in  hot  dilute  nitric  acid,  and  separates,  on  cooling,  in  small 
ruby-red  platy  crystals.  The  chromates  of  barium,  zinc,  and  mercury  are 
insoluble ;  the  first  two  are  yellow,  the  last  is  brick-red. 

Chromium  Dioxtdichloride,  Cr02Clr  commonly  called  Cklorochromk 
acid.  —  When  3  parts  of  potassium  bichromate  and  3  J  parts  of  common  salt 
are  intimately  mixed  and  introduced  into  a  small  glass  retort,  9  parts  of  oil 
of  vitriol  then  added,  and  heat  applied  as  long  as  dense  red  vapors  arise, 
this  compound  passes  over  as  a  heavy  deep-red  liquid  resembling  bromine: 
it  is  decomposed  by  water,  with  production  of  chromic  and  hydrochloric 
acids  It  is  analogous  to  the  so-called  chloromolybdic,  chlorotungstic,  and 
chlorosulphuric  acids  in  composition,  and  in  the  products  which  it  yields 
when  decomposed.  It  may  be  regarded  as  formed  from  the  trioxide  by 
substitution  of  CLfor  0,  or  from  chromic  acid,  (Cr02)"(OH)r  by  substitu- 
tion of  CI,  for  (Oil),;  also  as  a  compound  of  chromium  hexchloride  (not 
known  in  the  separate  state),  with  chromium  trioxide:  CrCl8.2CrO-  = 
800,0,. 

Pbrchromic  Acid  is  obtained,  according  to  Barreswil,  by  mixing  chromic 
acid  with  dilute  hydrogen  oxide,  or  potassium  bichromate  with  a  dilute  but 
very  acid  solution  of  barium  dioxide  in  hydrochloric  acid ;  a  liquid  is  then 
formed  of  a  blue  color,  which  is  removed  from  the  aqueous  solution  by 
ether.  This  very  unstable  compound  has  perhaps  the  composition  Cr,OtHt 
or  Cr807.  OHg,  analogous  to  that  of  permanganic  acid. 


Reactions  of  Chromium  compounds.  —  A  solution  of  chromic  chloride  or  a 
chromic  oxygen  salt  is  not  precipitated  or  changed  in  any  way  by  hydrogen 
sulphide.  Ammonium  sulphide  throws  down  a  grayish-green  precipitate  of 
chromic  hydrate.  Caustic  fixed  alkalies  also  precipitate  the  hydrated  oxide, 
and  dissolve  it  easily  when  added  in  excess.    Ammonia,  the  same,  but  nearly 
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insoluble.  The  carbonate*  of  potassium,  sodium,  and  ammonium  also  throw 
down  a  green  precipitate  of  hydrate,  slightly  soluble  in  a  large  excess. 

Chromous  salts  are  but  rarely  meth  with ;  for  their  reactions,  see  Chro- 
mium dichloride,  p.  437. 

Chromic  acid  and  its  salts  are  easily  recognised  in  solution  by  forming  a 
pale  yellow  precipitate  with  barium  salts,  bright  yellow  with  lead  salts,  brick- 
red  with  mercurou*  salts,  and  crimson  with  silver  salts ;  also  by  their  capa- 
bility of  yielding  the  green  sesquioxide  by  reduction. 

Ail  chromium  compounds,  ignited  with  a  mixture  of  nitre  and  an  alka- 
line carbonate,  yield  an  alkaline  chromate,  which  may  be  dissolved  out  by 
water,  and  on  being  neutralised  with  acetic  acid,  will  give  the  reactions 
just  mentioned. 

The  oxides  of  chromium  and  their  salts,  fused  with  borax  in  either  blow- 
pipe flame,  yield  an  emerald-green  glass.  The  same  character  is  exhibited 
by  those  salts  of  chromic  acid  whose  bases  do  not  of  themselves  impart  a 
decided  color  to  the  bead.  The  production  of  the  green  color  in  both 
flames  distinguishes  chromium  from  uranium  and  vanadium,  which  give 
green  beads  in  the  inner  flame  only. 


TTOG8TEN,  or  WOLFBAK. 
Atomic  weight,  184.     Symbol,  W. 

Tukostkn  is  found,  as  ferrous  tungstate,  in  the  mineral  wolfram,  tolerably 
abundant  in  Cornwall ;  occasionally  also  as  calcium  tungstate  (sche  elite  or 
tungsten),  and  as  lead  tungstate  (scheeletine).  Metallic  tungsten  is  obtained 
in  the  state  of  a  dark-gray  powder,  by  strongly  heating  tungstic  oxide  in 
a  stream  of  hydrogen,  but  requires  for  fusion  an  exceedingly  high  tem- 
perature. It  is  a  white  metal,  very  hard  and  brittle :  it  has  a  density  of 
17*4.  Heated  to  redness  in  the  air,  it  takes  fire  and  reproduces  tung- 
stic oxide. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quadrivalent 
and  Bexvalent  respectively,  and  a  third  class,  of  intermediate  composition, 
in  which  it  is  apparently  quinquivalent. 

CmoRTDKs.  — These  compounds  are  formed  by  heating  metallic  tungsten 
in  chlorine  gas.  The  hezchloride  or  tungstic  chloride,  WCle,  is  also  produced, 
together  with  oxychloride,  by  the  action  of  chlorine  on  an  ignited  mixture 
of  tungstic  oxide  and  charcoal.  The  oxychlorides,  being  more  volatile 
than  the  hexchloride,  may  be  separated  from  it  by  sublimation.  The  hex- 
chloride  forms  dark  violet  scales  or  fused  crusts  having  a  bluish-black  me- 
tallic iridescence.  By  contact  with  water  or  moist  air,  it  is  converted  into 
hydrochloric  and  tungstic  acids.  The  tetrachloride,  WC14,  is  formed,  accord- 
ing to  some  authorities,  as  a  dark-red  compound,  when  tungsten  is  heated 
in  chlorine  gas ;  but  according  to  others,  this  red  compound  is  a  penta- 
chloride,  W,C110.  or  WC14.WC16,  the  tetrachloride  not  being  known  in  the 
separate  state. 

The  bromides  of  tungsten  are  analogous  to  the  chlorides.  — The  hexfluoride, 
WF*,  is  obtained  by  evaporating  a  solution  of  tungstic  acid  in  hydrofluoric 
acid. 

Oxidks. —  Tungsten  forms  three  oxides,  WOa,  WOs,  andWaOs,  neither  of 
which  exhibits  basic  properties,  so  that  there  are  no  tungsten  salts  in  which 
the  metal  replaces  the  hydrogen  of  an  acid,  or  takes  the  electro-positive 
part  The  trioxide  exhibits  decided  acid  tendencies,  uniting  with  basic 
metallic  oxides,  and  forming  crystallizable  salts  called  tungstatea.  The 
pentoxide  may  be  regarded  as  a  compound  of  the  other  two. 
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The  dioxide,  or  Tungstous  oxide,  WO,,  is  most  easily  prepared  by  exposing 
tungstic  oxide  to  hydrogen,  at  a  temperature  not  exceeding  dull  redness. 
It  is  a  brown  powder,  sometimes  assuming  a  crystalline  appearance  and  an 
imperfect  metallic  lustre.  It  takes  fire  when  beated  in  the  air,  and  burns, 
like  the  metal  itself,  to  tungstic  oxide.  It  forms  a  definite  compound  with 
soda. 

The  trioxide,  or  Tungstic  oxide,  WO,,  is  most  easily  prepared  from  natire 
calcium  tungstate  by  digestion  in  nitrio  or  hydrochloric  acid,  the  soluble 
calcium-salt  thereby  produced  being  washed  out  with  water,  and  the  re- 
maining tungstic  acid  ignited.  From  wolfram  it  may  be  prepared  by 
repeatedly  digesting  the  mineral  in  strong  hydrochloric  acid,  ultimately 
with  addition  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  manga- 
nese; dissolving  the  remaining  tungstic  acid  in  aqueous  ammonia;  evapo- 
rating to  dryness  ;  and  heating  the  residual  ammonium  tungstate  in  con- 
tact with  the  air.  Tungstic  oxide  is  a  yellow  powder  insoluble  in  water, 
and  in  most  acids,  but  soluble  in  alkalies.  The  hot  solutions  of  the  result- 
ing alkaline  tungstate,  when  neutralised  with  an  acid,  yield  a  yellow  pre- 
cipitate of  tungstic  mono  hydrate  or  tungstic  acid,  WO-Hr  or  WOt.OHj.  CoM 
dilute  solutions,  on  the  other  hand,  yield  with  acids  a  white  precipitate, 
consisting  of  tungstic  dihydrate  or  kydrated  tungstic  acid,  WO, .  20 Hr  or 
W04H, .  OH,.     Tungstic  acid  reddens  litmus  and  dissolves  easily  in  alkalis. 

Tungstates.  — Tungstic  acid  unites  with  bases  in  various,  and  often  in 
very  unusual  proportions.  It  is  capable  of  existing  also  in  two  isomeric 
modifications,  viz  :  1.  Ordinary  tungstic  acid,  which  is  insoluble  in  water, 
and  forms  insoluble  salts  with  all  metals,  except  the  alkali-metals  and  mag- 
nesium ;  2.  Metatungstic  acid,  which  is  soluble  in  water,  and  forms  soluble 
salts  with  nearly  all  metals.  Ordinary  tungstic  acid  forms  normal  salts 
containing  WO^M,  orWO,.M,0,  and  acid  salts  containing  7WO,.3M,0, 
which  may  perhaps  be  regarded  as  double  salts  composed  of  diacid  and 
triacid  tungstates,  that  is,  as  2(2WOs.  M,0)  -f  3WOt.M,0.  The  tung- 
states  of  potassium  and  sodium,  especially  the  latter,  are  sometimes  used 
as  mordants  in  dyeing,  in  place  of  stannates ;  also  for  rendering  muslin 
and  other  light  fabrics  uninflammable.  Tungstous  tungstate,  WO,.  W0r 
which  has  the  composition  of  tungsten  pentoxide,  W,0S,  is  a  blue  sub- 
stance produced  by  reducing  tungstic  oxide  or  tungstic  acid  with  zinc 
and  hydrochloric  acid ;  also  by  heating  ammonium  tungstate  to  redness  in 
a  retort. 

Metatungstates.  —  These  salts,  which  have  the  composition  of  quadacid 
tungstates,  4 WO, .  M-0,  are  formed  from  ordinary  tungstates  by  addition 
of  tungstic  acid,  or  by  removing  part  of  the  base  by  means  of  an  acid. 
They  are  for  the  most  part  soluble  and  crystallizable.  By  decomposing 
barium  metatungstate  with  dilute  sulphuric  acid,  and  evaporating  the 
filtrate  in  a  vacuum,  hydrated  metatungstic  acid  is  obtained  in  quadratic 
octohedrons  apparently  containing  4W0,.  0H,4-  31  aq. ;  it  is  very  soluble 
in  water. 

Silicotungstates.* — By  boiling  gelatinous  silica  with  acid  potassium  tungs- 
tate, a  crystalline  salt  is  obtained,  having  the  composition  of  a  diacid  potas- 
sium tungstate,  6(2WO,.K,0),  or  12WOs.K,Oe,  in  which  one  third  of  the 
potassium  is  replaced  by  silicium,  viz.,  12W0-.  KgSilv06.  so  that  the  silicium 
here  enters  as  a  basylous  clement.  The  resulting  solution  yields  with  mer- 
curous  nitrate  a  precipitate  of  mercurou*  silicotungstate ;  this,  when  decom- 
posed by  an  equivalent  quantity  of  hydrochloric  acid,  yields  a  solution  of 
hydrogen  silicotungstate  or  silicotungstic  acid;  and  the  other  silicotungstates, 
which  are  all  soluble,  are  obtained  by  treating  the  acid  with  carbonates. 

Silicodcciiungstic  acid,  10 WO, .  H8SilTOe,  is  obtained  as  an  ammonium-salt 

•  Marignac,  Ann.  Chlm.  Phyt.  [4]  iU.  6 ;  Watta'a  Dictionary  of  Chemistry,  v.  MS. 
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"by  boiling  gelatinous  silica  with  solution  of  acid  ammonium  tungstate ;  and 
from  this,  the  acid  and  its  other  salts  may  be  obtained  in  the  same  manner 
as  the  preceding.  The  silicodecitungBtates  are  very  unstable,  and  the  acid 
is  decomposed  by  mere  evaporation,  depositing  silica,  and  being  converted 
into  tungsto-tiUeic  acid,  which  is  isomeric  with  silicotungstic  acid,  and  like- 
wise decomposes  carbonates.  All  three  of  these  acids  are  capable  of  ex- 
changing either  one-half  or  the  whole  of  their  basic  hydrogen  for  metals, 
thereby  forming  acid  and  neutral  salts ;  silicotungstic  acid  also  forms  an 
acid  sodium-Bait  in  which  only  one-fourth  of  the  hydrogen  is  replaced  by 
sodium. 

TraasTSN  Sulphidis. — The  disulphide,  or  Tungstous  sulphide,  WSr  is  ob- 
tained in  soft  black  needle-shaped  crystals  by  igniting  tungsten,  or  one  of 
its  oxides,  with  sulphur. 

The  trisulphide,  or  Tungstic  sulphide,  WSg,  is  formed  by  dissolving  tungstio 
acid  in  ammonium  sulphide,  and  precipitating  with  an  acid,  or  by  adding 
hydrochloric  acid  to  the  solution  of  an  alkaline  tungstate  saturated  with 
hydrogen  sulphide.  It  is  a  light-brown  precipitate,  turning  black  when  dry. 
It  unites  easily  with  basic  metallic  sulphides,  forming  the  sulphotungstatest 
WS4My  analogous  to  the  normal  tungstatea. 


Reactions  of  Tungsten  compounds.  —  Soluble  tungstates,  or  metatungstates, 
supersaturated  with  sulphuric,  hydrochloric,  phosphoric,  oxalic,  or  acetic 
acid,  yield,  on  the  introduction  of  a  piece  of  zinc,  a  beautiful  blue  color, 
arising  from  the  formation  of  blue  tungsten  oxide.  A  soluble  tungstate, 
mixed  with  ammonium  sulphide,  and  then  with  excess  of  acid,  yields  a  light- 
brown  precipitate  of  tungstic  sulphide,  soluble  in  ammonium  sulphide. 
Hydrogen  sulphide  does  net  precipitate  the  acidulated  solution  of  a  tungstate, 
bat  tarns  it  blue,  owing  to  the  formation  of  the  blue  oxide.  Ordinary  tung- 
states give  with  potassium  ferrocganide,  after  addition  of  hydrochloric  acid, 
a  brown  flocculent  precipitate,  soluble  in  pure  water  free  from  acid ;  meta- 
tungstates give  no  precipitate.  Acids  added  to  solutions  of  ordinary  tung- 
states, throw  down  a  white  or  yellow  precipitate  of  tungstic  acid;  with 
metatungstates  no  precipitate  is  obtained. 

All  tungsten  compounds  form  colorless  beads  with  borax  and  phos- 
phorus salt,  in  the  outer  blowpipe  flame.  With  borax,  in  the  inner  flame, 
they  form  a  yellow  glass,  if  the  quantity  of  tungsten  iB  somewhat  consider- 
able, but  colorless  with  a  smaller  quantity.  With  phosphorus  salt  in  the 
inner  flame  they  form  a  glass  of  a  pure  blue  color,  unless  metallic  oxides  are 
present,  which  modify  it ;  in  presence  of  iron  the  glass  is  blood-red,  but 
the  addition  of  metallic  tin  renders  it  blue. 


Steel,  alloyed  with  a  small  quantity  of  tungsten,  acquires  extraordinary 
hardness.  Wootz,  or  Indian  steel,  contains  tungsten.  Tungsten  has  also  a 
remarkable  effect  on  steel  in  increasing  its  power  of  retaining  magnetism 
when  hardened.  A  horse-shoe  magnet  of  ordinary  steel  weighing  two 
pounds  is  considered  of  good  quality  when  it  bears  seven  times  its  own 
weight;  but,  according  to  Siemens,  a  similar  magnet  made  with  steel  con- 
taining tungsten  may  be  made  to  carry  twenty  times  its  weight  suspended 
from  the  armature.* 

•  Journal  of  the  Chemical  Society,  July,  1868.    2d  Series,  vol.  vi.p.  284. 
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afOLYBDKVTOf. 

Atomio  weight,  92.     Symbol,  Mo. 

This  metal  occurs  in  small  quantity  as  sulphide  and  as  lead  molybdate. 
Metallic  molybdenum  is  obtained  by  exposing  molybdic  oxide  in  a  charcoal- 
lined  crucible  to  the  most  intense  heat  that  can  be  obtained.  It  is  a  white, 
brittle,  and  exceedingly  infusible  metal,  having  a  density  of  8-6,  and  oxid- 
ising, when  heated  in  the  air,  to  molybdic  oxide. 

Chlorides.  —  Molybdenum  forms  three  chlorides,  containing  Mod,  Mo, 
Cle,  and  Mod*.  The  tetrachloride,  or  molybdic  chloride,  is  obtained  in  dark 
metallically  lustrous  crystals  by  passing  chlorine  in  excess  over  gently  heated 
molybdenum ;  when  heated  in  a  stream  of  hydrogen,  it  is  reduced  to  the 

MoCl, 
dark  copper-colored  trichloride,   |         .    The  dichloride,  or  molybdoue  chloride, 

Mod, 
is  obtained,  though  not  in  the  pure  state,  by  exposing  the  trichloride  to  a 
moderate  heat  in  an  atmosphere  of  carbon  dioxide,  or  by  heating  metallic 
molybdenum  with  calomel.     In  solution  it  is  obtained  by  saturating  hydro- 
chloric acid  with  molybdous  hydrate. 

The  bromide*  of  molybdenum  correspond  in  composition  to  the  chlorides  ; 
there  is  also  an  oxybromide  containing  Mo*BrtOr 

Fluoridxs.  —  Molybdenum  forms  three  fluorides,  MoF,,  MoF4,  MoF«, 
which  are  obtained  by  dissolving  the  corresponding  oxides  in  hydrofluoric 
acid.  The  hexfiuoride  is  not  known  in  the  free  state,  but  only  in  combina- 
tion with  basic  metallic  fluorides  and  molybdates;  thus  there  is  a  po- 
tassium salt  containing  Mo04&, .  MoFjK,. 

Oxides.  —  Molybdenum  forms  the  three  oxides,  Mo^O,  MokOr  and 
Mo^O,,  besides  several  oxides  intermediate  between  the  last  two,  which 
may  be  regarded  as  molybdic  molybdates. 

The  monoxide,  or  Molybdous  oxide,  MoO,  is  produced  by  bringing  the  di- 
oxide or  trioxide,  in  presence  of  one  of  the  stronger  acids,  in  contact  with 
any  of  the  metals  which  decompose  water.  Thus,  when  sine  is  immersed  in 
a  concentrated  solution  of  an  alkaline  molybdate  mixed  with  a  quantity  of 
hydrochloric  acid  sufficient  to  redissolve  the  precipitate  first  thrown  down, 
tine  chloride  and  molybdous  chloride  are  formed.  The  dark-colored  solu- 
tion thus  obtained  is  mixed  with  a  large  quantity  of  caustic  potash,  which 
precipitates  a  black  hydrated  molybdous  oxide,  and  retains  the  sine  oxide 
in  solution.  The  freshly  precipitated  hydrate  is  soluble  in  acids  and  am- 
monium carbonate ;  when  heated  in  the  air  it  burns  to  dioxide,  but  when 
dried  in  a  vacuum  it  leaves  the  black  anhydrous  monoxide. 

The  dioxide,  or  Molybdic  oxide,  MoOr  is  obtained  in  the  anhydrous  state  by 
heating  sodium  molybdate  with  sal-ammoniac,  the  molybdic  trioxide  being 
reduced  to  dioxide  by  the  hydrogen  of  the  ammoniacal  salt;  or,  in  the  hy- 
drated state,  by  digesting  metallic  copper  in  a  solution  of  molybdic  acid  in 
hydrochloric  acid,  until  the  liquid  assumes  a  red  color,  and  then  adding  a 
large  excess  of  ammonia.  The  anhydrous  dioxide  is  deep  brown,  and  in- 
soluble in  acids ;  the  hydrate  resembles  ferric  hydrate,  and  dissolves  in 
acids,  yielding  red  solutions.  It  is  converted  into  molybdic  acid  by  strong 
nitric  acid. 

Trioxide,  MoOs.  —  To  obtain  this  oxide  (commonly  called  Molybdic  add), 
native  molybdenum  sulphide  is  roasted,  at  a  red  heat,  in  an  open  vessel, 
and  the  impure  molybdic  trioxide  thence  resulting  is  dissolved  in  ammonia. 
The  filtered  solution  is  evaporated  to  dryness,  and  the  salt  is  taken  up  by 
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water,  and  purified  by  crystallization.  It  is,  lastly,  decomposed  by  heat, 
aod  the  ammonia  expelled.  The  trioxide  may  also  be  prepared  by  decom- 
posing native  lead  molybdate  with  sulphuric  acid.  It  is  a  white  crystalline 
powder,  fusible  at  a  red  heat,  and  slightly  soluble  in  water.  The  solution 
contains  molybdic  acid;  but  this  acid,  or  hydrate,  is  not  known  in  the  solid 
state.  The  trioxide  is  easily  dissolved  by  alkalies,  and  forms  two  series  of 
salts,  vis.,  normal  or  neutral  molybdate*,  Mo04Rr  or  MoO, .  R,0,  and  anhydro- 
molybdates  or  bimolybdates,  Mo04Rs.  MoO,,  or  2MoOs.  R,0,  the  symbol  R  de- 
noting a  univalent  metaL  The  neutral  molybdates  of  the  alkali-metals  are 
easily  soluble  in  water,  and  their  solutions  yield,  with  the  stronger  acids,  a 
precipitate  either  of  a  less  soluble  bimolybdate,  or  of  the  anhydrous  tri- 
oxide. The  other  molybdates  are  insoluble,  and  are  obtained  by  precipita- 
tion. Lead  molybdate,  Mo4Pb,  occurs  native  in  yellow  quadratic  plates  and 
octahedrons. 

Sulphides.  —  Molybdenum  forms  three  sulphides,  MoSr  MoS*  and  MoS^ 
the  last  two  of  which  are  acid  sulphides,  forming  sulphur-salts.  The  a\~ 
sulphide,  or  Molybdic  sulphide,  MoSr  occurs  native,  as  molybdenite,  in  crystallo- 
laminar  masses,  or  tabular  crystals,  having  a  strong  metallic  lustre  and 
lead-gray  color,  and  forming  a  gray  streak  on  paper  like  plumbago.  The 
same  compound  is  produced  artificially  by  heating  either  of  the  higher 
sulphides,  or  by  igniting  the  trioxide  with  sulphur.  When  roasted  in  con- 
tact with  the  air,  it  is  converted  into  trioxide. 

The  trindphide,  MoS,,  commonly  called  sulphomolybdie  acid,  is  obtained  by 
passing  hydrogen  sulphide  into  a  concentrated  solution  of  an  alkaline  mo- 
lybdate, and  precipitating  with  an  acid.  It  is  a  black-brown  powder, 
which  is  dissolved  slowly  by  alkalies,  more  easily  by  alkaline  sulphides  and 
ralph-hydrates,  forming  sulphur-salts  called  sulphomolybdates.  Most  of 
these  salts  have  the  composition  MoS4Rr  or  MoS8 .  R JS,  analogous  to  that 
of  the  molybdates.  The  sulpho-molybdates  of  the  alkali-metals,  alkaline 
earth-metals,  and  magnesium,  are  soluble  in  water,  forming  solutions  of  a 
fine  red  color ;  the  rest  are  insoluble. 

Tetrasulphide,  MoS4. — This  is  also  an  acid  sulphide,  forming  salts  called 
persulphomolybdates,  the  general  formula  of  which  is  MoS.Rr  or  MoS4 .  RgS. 
The  potassium-salt  is  obtained  by  boiling  the  sulpho-molybdate  with  molyb- 
denum trisulphide,  washing  the  resulting  precipitate  till  the  wash- water 
gives  a  red  flocculent  precipitate  with  hydrochloric  acid,  and  then  digest- 
ing the  residue  with  cold  water,  which  dissolves  out  potassium  persulpho- 
molybdate,  and  leaves  the  disulphide.  The  solution  of  this  potassium  salt, 
treated  with  hydrochloric  acid,  yields  a  dark-red  precipitate  of  molybdenum 
tetrasulphide,  which  dissolves  in  alkalies. 


Molybdenum  in  solution  is  characterized  as  follows: 

Molybdous  salts,  obtained  by  dissolving  molybdous  oxide  in  acids,  are 
opaque  and  almost  black.  They  yield,  with  hydrogen  sulphide,  a  brown- 
black  precipitate  soluble  in  ammonium  sulphide ;  with  alkalies  and  alkaline 
carbonates,  a  brownish-black  precipitate  of  molybdous  hydrate,  easily  soluble 
in  acid  potassium  carbonate,  or  in  ammonium  carbonate ;  with  potassium 
ferroeyanide,  a  dark-brown  precipitate ;  with  sodium  phosphate,  a  white  pre- 
cipitate. 

Solutions  of  molybdic  salts  have  a  reddish-brown  color.  When  heated  in 
the  air,  they  have  a  tendency  to  become  blue  by  oxidation.  In  contact 
with  metallic  zinc,  they  first  blacken  and  then  yield  a  black  precipitate  of 
molybdous  hydrate.  Their  reactions  with  alkalies,  hydrogen  sulphide,  &c, 
are  similar  to  those  of  molybdous  salts ;  but  the  precipitates  are  lighter  in 
color. 
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Molybdate*  are  colorless  unless  they  contain  a  colored  base.  Solutions  of 
the  alkaline  molybdate 8  yield  with  acids  a  precipitate  of  molybdic  trioxide, 
soluble  in  excess  of  the  precipitant.  They  are  colored  yellow  by  hydrogen 
sulphide,  from  formation  of  a  sulphomolybdate  of  the  alkali-metal,  and  then 
yield  with  acids  a  brown  precipitate  of  molybdenum  trisulphide.  This  is 
an  extremely  delicate  test  for  molybdic  acid.  They  form  white  precipitates 
with  the  salts  of  the  earth-metals,  and  precipitates  of  various  colors  with 
salts  of  the  heavy  metal*;  e.g.,  white  with  lead  and  silver  salts;  yellow 
with  ferric  salts ;  and  yellowish-white  with  mercurous  salts.  When  ortho- 
phosphoric  acid,  or  a  liquid  containing  it,  is  added  to  the  solution  of  ammo- 
niura  molybdate,  together  with  an  excess  of  hydrochloric  acid,  the  liquid 
turns  yellow,  and  after  a  while  deposits  a  yellow  precipitate  of  molybdic 
trioxide,  combined  with  small  quantities  of  phosphoric  acid  and  ammonia. 
This  precipitate  is  soluble  in  ammonia  and  likewise  in  excess  of  the  phos- 
phate. The  reaction  is  therefore  especially  adapted  for  the  detection  of 
small  quantities  of  phosphoric  acid.  The  pyrophosphates  and  metaphos- 
phates  do  not  produce  the  yellow  precipitate.  Arsenic  acid  gives  a  similar 
reaction. 

All  the  oxides  of  molybdenum  form,  with  borax,  in  the  outer  blowpipe 
flame,  a  bead  which  is  yellow  while  hot,  and  colorless  on  cooling;  in  the 
inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molybdenum 
is  present.  By  long-continued  heating,  the  molybdic  oxide  may  be  sepa- 
rated in  dark  brown  flakes,  floating  in  the  clear  yellow  glass.  With  phos- 
phorus salt  in  the  outer  flame,  all  oxides  of  molybdenum  give  a  bead  which 
is  greenish  while  hot,  and  colorless  on  cooling ;  in  the  inner  flame  a  clear 
green  bead,  from  which  molybdic  oxide  cannot  be  separated  by  continued 
heating. 


PART  III. 

ORGANIC  CHEMISTRY. 


INTRODUCTION. 


THE  term  "Organic  Chemistry"  originally  denoted  the  chemistry  of 
compounds  formed  in  the  bodies  of  plants  and  animals.  The  peculiar 
characters  of  the  compounds  thus  formed,  and  the  failure  of  the  earlier 
attempts  to  produce  them  by  artificial  means,  led  to  the  erroneous  idea  that 
their  formation  was  due  to  a  mysterious  power  called  "vital  force/'  sup- 
posed to  reside  in  the  living  organism,  and  to  govern  all  the  changes  and 
processes  taking  place  within  it.  In  accordance  with  this  idea,  the  chem- 
istry of  organic  compounds,  including  those  which  were  formed  by  artificial 
processes  from  the  products  of  vegetable  and  animal  life,  was  erected  into 
a  special  branch  of  chemical  science. 

Later  researches  have,  however,  shown  that  a  large  number  of  compounds, 
formerly  regarded  as  producible  only  under  the  influence  of  the  so-called 
vital  force,  may  be  formed  either  by  direct  combination  of  their  elements, 
or  by  chemical  transformation  of  inorganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their  elements 
▼as  made  by  Wohler,  who  showed,  in  1828,  that  urea,  the  characteristic 
constituent  of  urine,  can  be  produced  by  molecular  transformation  of  am- 
monium cyanate.  This  experiment,  viewed  in  connection  with  the  fact 
established  about  twelve  years  afterwards,  that  cyanogen  (CN)  can  bo 
formed  by  direct  combination  of  its  elements,  is  conclusive  of  the  pos- 
sibility of  forming  a  product  of  the  living  organism  from  inorganic  mate- 
rials. More  recently  it  has  been  shown  that  ethine,  or  acetylene,  C9HV 
can  be  produced  by  the  direct  combination  of  carbon  and  hydrogen ;  that 
this  compound  can  be  made  to  take  up  two  additional  atoms  of  hydrogen 
to  form  ethene,  C,H4 ;  and  that  this  latter  compound  can  be  converted  into 
alcohol,  C-HgO,  a  body  formerly  supposed  to  be  producible  only  by  the 
fermentation  of  sugar;  and  from  this  a  large  number  of  other  compounds 
can  be  produced  by  the  action  of  various  reagents.  The  researches  of 
Bert  helot,  Kolbe,  Wurtz,  and  other  distinguished  chemists  have  led  to  the 
discovery  of  a  large  number  of  other  cases  of  the  formation  of  organic 
compounds,  often  of  great  complexity,  from  substances  of  purely  mineral 
origin,  and  ultimately  from  the  elements  themselves.  The  division  of  com- 
pounds into  two  distinct  branches,  inorganic  and  organic  —  formed  accord- 
ing to  distinct  laws,  the  former  being  artificially  producible  by  direct  com- 
bination of  their  elements,  the  latter  only  under  the  influence  of  a  sup- 
posed vital  force  —  must  therefore  be  abandoned.  There  is,  indeed,  but 
one  science  of  chemistry,  of  which  the  study  of  the  compounds  called  or- 
ganic forms  a  part. 

Organic  chemistry  is  in  fact  the  chemistry  of  carbon-compounds,  and<  in 
a  strictly  systematic  arrangement,  these  compounds  should  be  described  in 
connection  with  the  element  carbon  itself.     But  the  compounds  into  which 
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carbon  enters  are  so  numerous,  their  constitution  and  the  transformations 
which  they  undergo  under  the  influence  of  heat  and  of  chemical  reagents, 
are,  in  many  instances,  so  complicated,  that  it  is  found  best,  for  the  pur- 
poses of  instruction,  to  defer  their  consideration  till  the  other  elements 
and  their  compounds  hare  been  studied. 

It  is  important,  in  this  place,  to  mark  the  distinction  between  organic 
compounds  and  organized  bodies.  Organic  bodies,  such  as  marsh  gas,  ethene, 
benzene,  alcohol,  sugar,  morphine,  &c,  are  definite  chemical  compounds, 
many  of  which,  as  already  observed,  may  be  formed  by  artificial  methods; 
those  which  are  solid  can,  for  the  most  part,  be  crystallized ;  those  which 
are  liquid  exhibit  constant  boiling  points.  Organized  bodies,  on  the  con- 
trary, always  consist  of  mixtures  of  several  definite  compounds.  They 
never  crystallize,  but  exhibit  a  fibrous  or  cellular  structure,  and  cannot  be 
reduced  to  the  liquid  or  gaseous  state  without  complete  decomposition. 
Lastly,  they  are  organs,  or  parts  of  organs,  which  are  essentially  products 
of  vitality,  and  there  is  not  the  slightest  prospect  of  their  ever  being  pro- 
duced by  artificial  means. 

The  study  of  the  composition  and  chemical  relations  of  organised  bodies 
belongs  to  a  special  department  of  the  science  called  "  Physiological  Chem- 
istry," which  bears  the  same  relation  to  Organic  Chemistry  that  Chemical 
Geology  bears  to  Mineralogy. 


THE  ELEMENTARY  OR  ULTIMATE  ANALYSIS  OF  ORGANIC 
COMPOUNDS. 

Organic  compounds  contain,  for  the  most  part,  only  a  small  number  of 
elements.  Many  consist  only  of  carbon  and  hydrogen.  A  very  large  num- 
ber, including  most  of  those  which  occur  ready  formed  in  the  bodies  of 
plants  and  animals,  consist  of  carbon,  hydrogen,  and  oxygen ;  others  con- 
sist of  carbon,  hydrogen,  and  nitrogen.  Others,  again,  including  most  of 
the  proximate  principles  of  the  animal  organism,  consist  of  four  elements, 
carbon,  hydrogen,  oxygen,  and  nitrogen.  Some  contain  sulphur,  phos- 
phorus, chlorine,  and  metallic  elements ;  in  fact,  artificially  prepared  car- 
bon compounds  may  contain  any  elements  whatever.  Moreover,  even  those 
which  contain  only  a  small  number  of  elements  often  exhibit  great  com- 
plexity of  structure,  in  consequence  of  the  accumulation  of  a  large  num- 
ber of  carbon-atoms  in  the  same  molecule. 

Determination  of  Carbon  and  Hydrogen.  —  The  quantities  of  these  ele- 
ments are  determined  by  burning  a  known  weight  of  the  body  to  be  examined, 
in  such  a  manner  as  to  convert  the  whole  of  the  carbon  into  carbon  dioxide, 
and  the  whole  of  the  hydrogen  into  water.  These  products  are  collected 
and  their  weights  determined,  and  from  the  data  thus  obtained  the  quanti- 
ties of  carbon  and  hydrogen  present  in  the  organic  substance  are  calcu- 
lated. When  nitrogen,  sulphur,  phosphorus,  chlorine,  &c,  are  present, 
special  and  separate  means  are  resorted  to  for  their  estimation. 

The  method  to  be  described  for  the  determination  of  the  carbon  and 
hydrogen  owes  its  convenience  and  efficiency  to  the  improvements  of  Pro- 
fessor Liebig ;  it  has  superseded  all  other  processes,  and  is  now  invariably 
employed  in  inquiries  of  the  kind.  With  proper  care,  the  results  obtained 
are  wonderfully  correct ;  and  equal,  if  not  surpass,  in  precision  those  of 
the  best  mineral  analysis.  The  principle  upon  which  the  whole  depends  is 
the  following:  When  an  organic  substance  is  heated  with  the  oxides  of 
copper,  lead,  and  several  other  metals,  it  undergoes  complete  combustion 
at  the  expense  of  the  oxygen  of  the  oxide,  the  metal  being  at  the  same 
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time  reduced  either  completely,  or  to  a  lower  state,  of  oxidation.  This 
effect  takes  place  with  the  greatest  ease  and  certainty  with  cupric  oxide 
(black  oxide  of  copper),  which,  although  unchanged  by  heat  alone,  gives 
up  oxygen  to  combustible  matter  with  extreme  facility.  When  nothing  but 
carbon  and  hydrogen,  or  those  bodies  together  with  oxygen,  are  present, 
one  experiment  suffices ;  the  carbon  and  hydrogen  are  determined  directly, 
and  the  oxygen  by  difference. 

It  is  of  course  indispensable  that  the  substance  to  be  analyzed  should 
possess  the  physical  characters  of  purity,  otherwise  the  inquiry  cannot 
lead  to  any  useful  result ;  if  in  the  solid  state,  it  must  also  be  freed  with 
the  most  scrupulous  care  from  the  moisture  which  many  substances  retain 
with  great  obstinacy.  If  it  will  bear  the  application 
of  a  moderate  heat,  this   desiccation  is  very  easily  ity*  176. 

accomplished  by  a  water  or  steam  bath :  in  other 
eases,  exposure  at  common  temperatures  to  the  ab- 
sorbent powers  of  a  large  surface  of  oil  of  vitriol  in 
the  vacuum  of  an  air-pump  must  be  substituted. 

The  operation  of  weighing  the  dried  powder  is 
conducted  in  a  narrow  open  tube,  about  2}  or  8  inches 
long ;  the  tube  and  substance  are  weighed  together, 
and,  when  the  latter  has  been  removed,  the  tube  with 
any  little  adherent  matter  is  re-weighed.  This 
weight,  subtracted  from  the  former,  gives  the  weight 
of  the  substance  employed  in  the  experiment.  As 
only  half  a  gram  (5  or  6  grains)  is  used,  the  weighings  should  not  involve  a 
greater  error  than  a  milligram  (or  jfa  part  of  a  grain). 

The  copper  oxide  is  best  made  from  the  nitrate  by  complete  ignition  in 
an  earthen  crucible;  it  is  reduced  to  powder  and  re-heated  just  before  use, 
to  expel  hygroscopic  moisture,  which  it  absorbs,  even  while  warm,  with 
avidity.  The  combustion  is  performed  in  a  tube  of  hard  white  Bohemian 
glass,  having  a  diameter  of  0*4  or  0*5  inch,  and  in  length  varying  from  14 
to  18  inches:  this  kind  of  glass  bears  a  moderate  red  heat  without  becom- 
ing soft  enough  to  lose  its  shape.     One  end  of  the  tube  is  drawn  out  to  a 

Fig.  177. 
Copper  oxide.  Mixture.  Copper  oxide. 


point,  as  shown  in  fig.  177,  and  closed ;  the  other  is  simply  heated  to  fuse 
and  soften  the  sharp  edges  of  the  glass.  The  tube  is  now  two-thirds  filled 
with  the  yet  warm  copper  oxide,  nearly  the  whole  of  which  is  transferred  to 
a  small  porcelain  or  Wedgwood  mortar,  and  very  intimately  mixed  with  the 
organic  substance.  The  mixture  is  next  transferred  to  the  tube,  and  the 
mortar  rinsed  with  a  little  fresh  and  hot  oxide,  which  is  added  to  the  rest; 
the  tube  is,  lastly,  filled  to  within  an  inch  of  the  open  end  with  oxide  from 
the  crucible.  A  few  gentle  taps  on  the  table  suffice  to  shake  together  the 
contents,  so  as  to  leave  a  free  passage  for  the  evolved  gases  from  end  to 
end.  The  arrangement  of  the  mixture  and  oxide  in  the  tube  is  represented 
in  fig.  177. 

The  tube  is  then  ready  to  be  placed  in  the  furnace  or  chauffer:  this  is 
constructed  of  thin  sheet  iron,  and  is  furnished  with  a  series  of  supports 
of  eqnal  height,  which  serve  to  prevent  flexure  in  the  combustion-tube  when 
softened  by  heat.  The  chauffer  is  placed  upon  flat  bricks  or  a  piece  of 
atone,  ho  that  but  little  air  can  enter  the  grating,  unless  the  whole  be  pur- 
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posely  raised.  A  slight  inclination  is  also  given  towards  the  extremity 
occupied  by  the  mouth  of  the  combustion-tube,  which  passes  through  a 
hole  provided  for  that  purpose. 

Fig.  178. 


To  collect  the  water  produced  in  the  experiment,  a  small  light  tube  of  the 
form  represented  in  fig.  179,  filled  with  fragments  of  spongy  calcium 
chloride,  is  attached  by  a  perforated  cork,  thoroughly  dried,  to  the  open 
extremity  of  the  combustion-tube.  The  carbon  dioxide  is  absorbed  by  a 
solution  of  caustic  potash,  of  specific  gravity  1*27,  which  is  contained  in  a 
small  glass  apparatus  on  the  principle  of  a  Woulfe's  bottle,  shown  in  fig. 
180.     The  connection  between  the  latter  and  the  calcium-chloride  tube  is 

Fig.  180. 


Fig.  170. 


completed  by  a  little  tube  of  caoutchouc,  secured  with  silk  cord.  The 
whole  is  shown  in  fig.  181,  as  arranged  for  use.  Both  the  calcium-chloride 
tube  and  the  potash  apparatus  are  weighed  with  the  utmost  care  before  the 
experiment. 

Fig.  18L 


Drawing  of  the  whole  arrangement 

The  tightness  of  the  junctions  may  be  ascertained  by  slightly  rarefying 
the  included  air  by  sucking  a  few  bubbles  from  the  interior  through  the 
liquid,  using  the  dry  lips,  or,  better,  a  little  bent  tube  with  a  perforated 
cork:  if  the  difference  of  level  in  the  liquid  in  the  two  limbs  of  the  potash- 
apparatus  be  preserved  for  Beveral  minutes,  the  joints  are  perfect.  Red- 
hot  charcoal  is  now  placed  around  the  anterior  portion  of  the  combustion- 
tube,  containing  the  pure  oxide  of  copper ;   and  when  this  is  red-hot,  the 
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fire  is  slowly  extended  towards  the  farther  extremity  by  shifting  the  mov- 
able screen  represented  in  the  drawing.  The  experiment  must  be  so  con- 
ducted that  a  uniform  stream  of  carbon  dioxide  shall  enter  the  potash 
apparatus  by  bubbles  which  may  be  easily  counted :  when  no  nitrogen  is 
present,  these  bubbles  are,  towards  the  termination  of  the  experiment,  almost 
completely  absorbed  by  the  alkaline  liquid,  the  little  residue  of  air  alone 
escaping.  In  the  case  of  an  azotized  body,  on  the  contrary,  bubbles  of 
nitrogen  gas  pass  through  the  potash-solution  during  the  whole  process. 

When  the  tube  has  become  completely  heated  from  end  to  end,  and  no 
more  gas  is  disengaged,  but,  on  the  other  hand,  absorption  begins  be  evi- 

Fig.  182. 


dent,  the  coals  are  removed  from  the  farther  extremity  of  the  combustion- 
tube,  and  the  point  of  the  latter  broken  off.  A  little  air  is  drawn  through 
the  whole  apparatus,  by  which  the  remaining  carbon  dioxide  and  watery 
yapor  are  secured.  The  parts  are,  lastly,  detached,  and  the  calcium-chlor- 
ide tube  and  potash-apparatus  re-weighed. 

Fig.  183.  Fig.  184. 


The  mode  of  heating  the  combustion-tube  with  red-hot  charcoal  is  the 
original  process,  and  still  extensively  employed,  the  construction  of  the  fur- 
nace being  most  simple,  and  charcoal  everywhere  accessible.  But  since 
the  use  of  coal-gas  has  been  universally  adopted  in  laboratories,  many  con- 
trivances have  been  suggested,  by  means  of  which  this  convenient  fuel  may 
be  employed  also  in  organic  analysis.  An  apparatus  of  this  kind  *  is  the 
one  represented  in  fig.  182,  in  which  the  combustion-tube  is  heated  by  a 
series  of  perforated  clay-burners.  These  clay-burners  are  fixed  on  pipes 
provided  with  stopcocks,  so  that  the  gas  may  be  lighted  according  to  the 
requirements  of  the  case.  The  stopcocks  being  appropriately  adjusted,  the 
•  Bo/mann,  Journal  of  Chemical  Society,  vol.  xi.  p.  30. 
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gas  burns  on  the  surface  of  the  burners  with  a  smokeless  blue  flame,  which 
renders  them  in  a  short  time  incandescent.  The  construction  of  this  fur- 
nace is  readily  intelligible  by  a  glance  at  figures  183  and  184,  which  exhibit 
the  different  parts  of  the  apparatus  in  section,  fig.  183  representing  a  large 
furnace  with  five  rows,  and  fig.  184  a  smaller  furnace  with  three  rows  of 
clay-burners. 

The  following  account  of  a  real  experiment  will  serve  to  illustrate  the 
calculation  of  the  results  obtained  in  the  combustion  of  crystalliied  sugar : 

Quantity  of  sugar  employed        ...        .        .  4-750  grains. 

Potash  apparatus  weighed  after  experiment  .     781*18 

"  ••        before  experiment      .        778-82 

Carbonic  dioxide    .        •        .        •        7-81 


Calcium-chloride  tube  after  experiment      .        .        226*05 
"  before  experiment       .        .    223-30 

Water 2*75 

7*81  gr.  carbon  dioxide  =  1*994  gr.  carbon:  and  2*75  gr.  water  =  0*3056 
gr.  hydrogen ;  or  in  100  parts  of  sugar,  * 

Carbon •     41-98 

Hydrogen 6-48 

Oxygen,  by  difference 61*59 

100  00 
When  the  organic  substance  cannot  be  mixed  with  the  copper  oxide  in 
the  manner  described,  the  process  must  be  slightly  modified,  to  meet  the 
particular  case.  If,  for  example,  a  volatile  liquid  is  to  be  examined,  it 
is  enclosed  in  a  little  glass  bulb  with  a  narrow  stem,  which  is  weighed  before 
and  after  the  introduction  of  the  liquid,  the  point  being  hermetically  sealed. 
The  combustion-tube  must  have,  in  this  case,  a  much  greater  length ;  and, 
as  the  copper  oxide  cannot  be  introduced  hot,  it  must  be  ignited  and  cooled 
out  of  contact  with  the  air,  to  prevent  absorption  of  watery  vapor.  This 
is  most  conveniently  effected  by  transferring  it,  in  a  heated  state,  to  a  large 
platinum  crucible  to  which  a  closely  fitting  cover  can  be  adapted.  When 
quite  cold,  the  cover  is  removed  and  instantly  replaced  by  a  dry  glass  funnel, 
by  the  assistance  of  which  the  oxide  may  be  directly  poured  into  the  com- 
tia  185  bustion-tube  with  merely  momentary  exposure  to 

the  air.  A  little  oxide  is  put  in,  then  the  bulb, 
with  its  stem  broken  at  a,  a  file-scratch  having  been 
previously  made ;  and,  lastly,  the  tube  is  filled  with 
the  cold  and  dry  copper  oxide.  It  is  arranged  in 
the  chauffer,  the  calcium-chloride  tube  and  potash 
apparatus  adjusted,  and  then,  some  six  or  eight 
inches  of  oxide  having  been  heated  to  redness,  the 
liquid  in  the  bulb  is,  by  the  approximation  of  a  hot 
coal,  expelled,  and  slowly  converted  into  vapor, 
which,  in  passing  over  the  hot  oxide,  is  completely 
burned.  The  experiment  is  then  terminated  in  the 
usual  manner.  Fusible  fatty  substances,  and  vola- 
tile concrete  bodies,  as  camphor,  require  rather  different  management, 
which  need  not  be  here  described. 

*  The  theoretical  composition  of  sugar,  C^H^Ou,  reckoned  to  100  ports,  gives— 

CArbon 42-11 

Hydrogen 643 

Oxygen 51-46 

100-00 
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Copper  oxide  which  has  been  used,  may  be  easily  restored  by  moistening 
with  nitric  acid,  and  igniting  to  redness ;  it  becomes,  in  fact,  rather  im- 
proved than  otherwise,  as,  after  frequent  employment,  its  density  is  increased 
and  its  troublesome  hygroscopic  powers  diminished.  For  substances  which 
are  very  difficult  of  combustion,  from  the  large  proportion  of  carbon  they 
contain,  and  for  compounds  into  which  chlorine  enters  as  a  constituent, 
fused  and  powdered  lead  chromate  is  very  advantageously  substituted  for 
the  copper  oxide.  Lead  chromate  freely  gives  up  oxygen  to  combustible 
matters,  and  even  evolves,  when  strongly  heated,  a  little  of  that  gas,  which 
thus  ensures  the  perfect  combustion  of  the  organic  body. 

Analyst*  of  Azotized  Substances.  — The  presence  of  nitrogen  in  an  organic 
compound  is  easily  ascertained  by  heating  a  small  portion  with  solid  potas- 
sium hydrate  in  a  test-tube :  the  nitrogen,  if  present,  is  converted  into 
ammonia,  which  may  be  recognized  by  its  odor  and  alkaline  reaction. 
There  are  several  methods  of  determining  the  proportion  of  nitrogen  in 
aiotised  organic  substances,  the  experimenter  being  guided  in  his  choice 
of  means  by  the  nature  of  the  substance  and  its  comparative  richness  in 
that  element.  The  carbon  and  hydrogen  are  first  determined  in  the  usual 
manner,  a  longer  tube  than  usual  being  employed,  and  four  or  five  inches 
of  its  anterior  portion  filled  with  copper  turnings,  rendered  perfectly  me- 
tallic by  ignition  in  hydrogen :  this  serves  to  decompose  any  nitrogen  oxide 
that  may  be  formed  in  the  act  of  combustion.  During  the  experiment, 
some  idea  of  the  abundance  or  paucity  of  the  nitrogen  may  be  formed, 
from  the  number  of  bubbles  of  incondensable  gas  which  traverses  the  solu- 
tion of  potash. 

In  the  case  of  compounds  abounding  in  nitrogen,  and  readily  burned  by 

Fig.  186. 


copper  oxide,  a  method  may  be  employed,  which  is  very  easy  of  execution :  this 
consists  in  determining  the  ratio  borne  by  the  liberated  nitrogen  to   ..   lg7 
the  carbon  dioxide  produced  in  the  combustion.  A  tube  of  hard  glass,       ^ 
of  the  usual  diameter,  and  about  15  inches  long,  is  sealed  at  one  end  ;       *" 
a  little  of  the  organic  substance,  mixed  with  copper  oxide,  is  intro- 
duced, and  allowed  to  occupy  about  two  inches  of  the  tube ;  about 
as  much  pure  oxide  is  placed  over  it,  and  then  another  portion  of 
a  similar  mixture ;  after  which  the  tube  is  filled  up  with  a  second 
and  larger  portion  of  pure  oxide,  and  a  quantity  of  spongy  me- 
tallic copper.     A  short  bent  tube,  made  movable  by  a  caoutchouc 
joint,  is  fitted  by  a  perforated  cork,  and  made  to  dip  into  a  mer- 
curial trough,  while  the  combustion-tube  itself  rests  in  the  chauf- 
fer (fig.  186). 

Fire  is  first  applied  to  the  anterior  part  of  the  tube  containing 
the  metal  and  unmixed  oxide,  and,  when  this  is  red-hot,  to  the 
extreme  end.  Combustion  of  the  first  portion  of  the  mixture  takes 
place,  the  gaseous  products  sweeping  before  them  nearly  the 
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whole  of  the  air  of  the  apparatus.  When  no  more  gas  issues,  the  tube 
is  slowly  heated  by  half  an  inch  at  a  time,  in  the  usual  manner,  and  all 
the  gas  very  carefully  collected  in  a  graduated  jar,  until  the  operation 
is  at  an  end.  The  volume  is  then  read  off,  and  some  strong  solution  of 
caustic  potash  thrown  up  into  the  jar  by  a  pipette  with  a  curved  extremity. 
When  the  absorption  is  complete,  the  residual  volume  of  nitrogen  is  ob- 
served, and  compared  with  that  of  the  mixed  gases,  proper  correction 
being  made  for  differences  of  level  in  the  mercury ;  and  from  these  data 
the  exact  proportion  borne  by  the  nitrogen  to  the  carbon  can  be  at  once 
determined.* 

If  the  proportion  of  nitrogen  be  but  small,  the  error  from  the  nitrogen  of 
the  residual  atmospheric  air  becomes  so  great  as  to  destroy  all  confidence 
in  the  result  of  the  experiment ;  and  the  same  thing  happens  when  the  sub- 
stance is  incompletely  burned  by  copper  oxide :  other  means  must  then  be 
employed. 

The  absolute  method  of  determination,  also  known  by  the  name  of  Dumas' 
method,  may  be  had  recourse  to  when  the  foregoing,  or  comparative  method, 
fails  from  the  first  cause  mentioned :  it  gives  excellent  results,  and  is  ap- 
plicable to  all  asotised  substances. 

A  tube  of  good  Bohemian  glass,  28  inches  long,  is  securely  sealed  at  one 
end ;  into  this  enough  dry  acid  sodium  carbonate  is  put  to  occupy  6  inches. 
A  little  pure  copper  oxide  is  next  introduced,  and  afterwards  the  mixture 
of  oxide  and  organic  substance,  the  weight  of  the  latter,  between  4-5  and  9 
grains,  in  a  dry  state,  having  been  correctly  determined.  The  remainder 
of  the  tube,  amounting  to  nearly  one-half  of  its  length,  is  then  filled  up 
with  pure  copper  oxide  and  spongy  metal,  and  a  round  cork,  perforated  by 

Fig.  188. 


a  piece  of  narrow  tube,  is  securely  adapted  to  its  mouth.  This  tube  is 
connected  by  means  of  a  caoutohouo  joint  with  a  bent  delivery-tube,  a,  and 
the  combustion-tube  is  arranged  in  the  furnace.    A  few  coals  are  now  ap- 


•  A  molecule  of  carbon  dioxide  i, 
s  space  as  a  molecule  (or  double  i 


i  (COj)  containing  1  atom  of  carbon  [=  181.  occupies  the 
le  atom)  of  nitrogen  (NN)  [2 .  14  =  281.  If,  therefore,  the 
volumes  of  carbon  dloxidb  and  nitrogen  in  the  gaseous  mixture  are  as  m  :  l,it  follows  that  the 
number  of  carbon-atoms  in  the  compound  is  to  the  number  of  nitrogen-atoms  as  m  :  2 ;  and 
consequently  that  the  weight  of  the  carbon  in  the  compound  is  to  that  of  the  nitrogen  as  n 
X  12  :  2  X  14,  or  3  m  :  7,  so  that  if  the  percentage  of  carbon  (c)  has  been  previously  fow»i 
the  percentage  of  nitrogen  (n)  will  be  given  by  the  equation : 

7 

n  = c 

3m 
For  example,  caffeine,  which  contains  4748  per  cent  of  carbon,  is  found,  by  the  process  jort 
described,  to  yield  carbon  dioxide  and  nitrogen  in  the  proportion  by  volume  of  4  :  1;  the  per* 

7 

centage  of  nitrogen  in  caffeine  is  therefore X  49-48  =  28-89. 

8X4 
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plied  to  the  farther  end  of  the  tube,  so  as  to  decompose  a  portion  of  the 
acid  sodium  carbonate,  the  remainder  of  the  carbonate,  as  well  as  of  the  other 
part  of  the  tube,  being  protected  from  the  heat  by  a  screen  ».  The  current 
of  carbon  dioxide  thus  produced  is  intended  to  expel  all  the  air  from  the 
apparatus.  In  order  to  ascertain  that  this  object,  on  which  the  success  of 
the  whole  operation  depends,  is  accomplished,  the  delivery-tube  is  depressed 
under  the  level  of  a  mercurial  trough,  and  the  gas,  which  is  evolved,  col- 
lected in  a  test-tube  filled  with'  concentrated  potash-solution.  If  the  gas 
be  perfectly  absorbed,  or  if,  after  the  introduction  of  a  considerable 
quantity,  only  a  minute  bubble  be  left,  the  air  may  be  considered  as  ex- 
pelled. The  next  step  is  to  fill  a  graduated  glass  jar  two-thirds  with  mer- 
cury and  one-third  with  a  strong  solution  of  potash,  and  to  invert  it  over 
the  delivery-tube,  as  represented  in  fig.  188. 

This  done,  fire  is  applied  to  the  tube,  commencing  at  the  front  end,  and 
gradually  proceeding  to  the  closed  extremity,  which  still  contains  some  un- 
decomposed  acid  sodium  carbonate.  This,  when  the  fire  at  length  reaches 
it,  yields  up  carbon  dioxide,  which  chases  forward  the  nitrogen  lingering 
in  the  tube.  The  carbon  dioxide  generated  during  the  combustion  is  wholly 
absorbed  by  the  potash  in  the  jar,  and  nothing  is  left  but  the  nitrogen. 
When  the  operation  is  at  an  end,  the  jar,  with  its  contents,  is  transferred 
to  a  vessel  of  water,  and  the  volume  of  the  nitrogen  read  off.  This  is  pro- 
perly corrected  for  temperature,  pressure,  and  aqueous  vapor,  and  its 
weight  determined  by  calculation.  When  the  operation  has  been  very  suc- 
cessful, and  all  precautions  minutely  observed,  the  result  still  leaves  an 
error  in. excess,  amounting  to  0*8  or  0  5  per  cent.,  due  to  the  residual  air 
of  the  apparatus,  or  that  condensed  in  the  pores  of  the  copper  oxide. 

A  most  elegant  process  for  estimating  nitrogen  in  all  organic  compounds, 
except  those  containing  the  nitrogen  in  the  form  of  nitrous  acid  or  nitrogen 
tetroxide,  and  in  some  organic  bases,  has  been  put  in  practice  by  Will  and 
Varrentrapp.  When  a  non-azotized  organic  substance  is  heated  to  redness 
with  a  large  excess  of  potassium  or  sodium  hydrate,  it  suffers  complete 
and  speedy  combubtion  at  the  expense  of  the  water  of  the  hydrate,  the 
oxygen  combining  with  the  carbon  of  the  organic  matter  to  form  carbon 
dioxide,  which  is  retained  by  the  alkali,  while  its  hydrogen,  together  with 
that  of  the  substance,  is  disengaged,  sometimes  in  union  with  a  little  carbon. 
The  same  change  happens  when  nitrogen  is  present,  but  with  this  addition : 
the  whole  of  the  nitrogen  thus  abandoned  combines  with  a  portion  of  the 
liberated  hydrogen  to  form  ammonia.  It  is  evident,  therefore,  that  if  this 
experiment  be  made  on  a  weighed  quantity  of  matter,  and  circumstances 
allow  the  collection  of  the  whole  of  the  ammonia  thus  produced,  the  pro- 
portion of  nitrogen  can  be  easily  calculated. 

An  intimate  mixture  is  made  of  1  part  caustic  soda  and  2  or  8  parts 
quicklime,  by  slaking  lime  of  good  quality  with  the  proper  proportion  of 
strong  caustic  soda,  drying  the  mixture  in  an  iron  vessel,  and  then  heating 
it  to  redness  in  an  earthen  crucible.  The  ignited  mass  is  rubbed  to  powder 
in  a  warm  mortar,  and  carefully  preserved  from  the  air.  The  lime  is  useful 
in  many  ways:  it  diminishes  the  tendency  of  the  alkali  to  deliquesce, 
facilitates  mixture  with  the  organic  substance,  and  prevents  fusion  and 
liquefaction.  A  proper  quantity  of  the  substance  to  be  analyzed,  namely, 
from  5  to  10  grains,  is  dried  and  accurately  weighed  out:  this  is  mixed  in 
a  warm  porcelain  mortar  with  enough  of  the  soda-lime  to  fill  two-thirds 
of  an  ordinary  combustion-tube,  the  mortar  being  rinsed  with  a  little  more 
of  the  alkaline  mixture,  and,  lastly,  with  a  small  quantity  of  powdered 
glass,  which  completely  removes  everything  adherent  to  its  surface ;  the 
tube  is  then  filled  to  within  an  inch  of  the  open  end  with  the  lime-mixture, 
tad  arranged  in  the  chauffer  in  the  usual  manner.  The  ammonia  is  col- 
lected in  a  little  apparatus  of  three  bulbs  (fig.  189),  containing  moderately 
strong  hydrochloric  acid,  attached  bv  a  pork  to  tfee  combustion-tub*. 


456  THE   ELEMENTARY   OB   ULTIMATE 

Matters  being  thus  adjusted,  fire  is  applied  to  the  tube,  commencing  with 

the  anterior  extremity.     When  it  is  ignited  throughout  its  whole  length, 

1M  and  when  no  gas  issues  from  the  ap- 

^'  paratus,  the  point  of  the  tube  is  bro- 

y  ken,  and  a  little  air  drawn  through. 

f    the  whole.     The  acid  liquid  is  them 

— — ^— ^^^  S       emptied  into  a  capsule,  the  bulbs 

j*->,  /"— r  rinsed  into  the  same,  first  with  a 

UgeJ  UyJ  little  alcohol,  and  then  repeat edlj 

^•■^^^^^^2^  with  distilled  water ;  an  excess  of 

>l^^^  pure  platinic  chloride  is  added,  and 

the  whole  evaporated  to  dryness  in 

a  water-bath.     The  dry  mass,  when  cold,  is  treated  with  a  mixture  of 

alcohol  and  ether,  which  dissolves  out  the  superfluous  platinum  chloride, 

but  leaves  untouched  the  yellow  crystalline  ammonium  platinochloride. 

The  latter  is  collected  upon  a  small  weighed  filter,  washed  with  the  same 

mixture  of  alcohol  and  ether,  dried  at  100°  G.  (212°  F.),  and  weighed;  100 

parts  correspond  to  6*272  parts  of  nitrogen.     Or,  the  salt  with  its  filter 

may  be  very  carefully  ignited,  the  filter  burned  in  a  platinum  crucible,  and 

the  nitrogen  reckoned  from  the  weight  of  the  spongy  metal,  100  parts  of 

that  substance  corresponding  to  14*18  parts  of  nitrogen.     The  former  plan 

is  to  be  preferred  in  most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about  an  equal 
quantity  of  pure  sugar,  to  furnish  incondensable  gas,  and  thus  diminish 
the  violence  of  the  absorption  which  otherwise  occurs ;  and  the  same  pre- 
caution must  be  taken,  for  a  different  reason,  with  those  which  contain 
little  or  no  hydrogen. 

A  modification  of  this  process  has  been  suggested  by  Pel i got,  which  is 
very  convenient  if  a  large  number  of  nitrogen-determinations  is  to  be 
made.  By  this  plan,  the  ammonia,  instead  of  being  received  in  hydro- 
chloric acid,  is  conducted  into  a  known  volume  (10  to  20  cubic  centimetres) 
of  a  standard  solution  of  sulphuric  acid,  contained  in  the  ordinary  nitro- 
gen-bulbs. After  the  combustion  is  finished,  the  acid  containing  the  am- 
monia is  poured  out  into  a  beaker,  colored  with  a  drop  of  tincture  of 
litmus,  and  then  neutralised  with  a  standard  solution  of  soda  in  water  or 
of  lime  in  sugar-water,  the  point  of  neutralization  becoming  perceptible 
by  the  sudden  appearance  of  a  blue  tint.  The  lime-solution  is  conveniently 
poured  out  from  the  graduated  glass  tube,  described  under  the  head  of 
Alkalimetry.  The  volume  of  lime-solution  necessary  to  neutralise  the 
same  amount  of  acid  that  is  used  for  condensing  the  ammonia,  having  been 
ascertained  by  a  preliminary  experiment,  it  is  evident  that  the  difference 
of  the  quantities  used  in  the  two  experiments  gives  the  ammonia  collected 
in  the  acid  during  the  combustion.  The  amount  of  nitrogen  may  thus  be 
calculated.  If,  for  instance,  an  acid  be  prepared,  containing  20  grains  of 
pure  hydrogen  sulphate  (S04H,)  in  1000  grain-measures — 200  grain-meas- 
ures of  this  acid  —  the  quantity  introduced  into  the  bulbs  —  correspond 
to  1*38  grains  of  ammonia,  or  1-14  grains  of  nitrogen.  The  alkaline  solu- 
tion is  so  graduated  that  1000  grain-measures  will  exactly  neutralise  the 
200  grain-measures  of  the  standard  acid.  If  we  now  find  that  the  acid, 
partly  saturated  with  the  ammonia  disengaged  during  the  combustion  of  a 
nitrogenous  substance,  requires  only  700  grain-measures  of  the  alkaline 

200  X  300 
solution,  it  is  evident  that YqoO ==  ^  grain-measures  were  satu- 
rated by  the  ammonia,  and  the  quantity  of  nitrogen  is  obtained  by  the  pro- 

114  x  60 
portion  —200  :  1-14  =  60  :  z,  wherefore  x  =  — ^qq =  °'8*2  grains  of 

nitrogen. 
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Estimation  of  Sulphur  in  Organic  Compound*,  — When  bodies  of  this  class 
containing  sulphur  are  burned  with  copper  oxide,  a  small  tube  containing 
lead  dioxide  may  be  interposed  between  the  calcium-chloride  tube  and  the 
potash  apparatus,  to  retain  any  sulphurous  acid  that  may  be  formed.  It 
is  better,  however,  to  use  lead  chromate  in  such  cases.  The  proportion  of 
sulphur  is  determined  by  oxidising  a  known  weight  of  the  substance  with 
strong  nitric  acid,  or  by  fusion  in  a  silver  vessel  with  ten  or  twelve  times 
its  weight  of  pure  potassium  hydrate  and  half  as  much  nitre.  The  sul- 
phur is  thus  converted  into  sulphuric  acid,  the  quantity  of  which  can  be 
determined  by  dissolving  the  fused  mass  in  water,  acidulating  with  nitric 
acid,  and  adding  a  barium  salt.  Phosphorus  is,  in  like  manner,  oxidized  to 
phosphoric  acid,  the 'quantity  of  which  is  determined  by  precipitation  as 
ammonio-magnesian  phosphate,  or  otherwise. 

Estimation  of  Chlorine.  —  The  case  of  a  volatile  liquid  containing  chlor- 
ine is  of  very  frequent  occurrence,  and  may  be  taken  as  an  illustration 
of  the  general  plan  of  proceeding.  The  combustion  with  copper  oxide 
must  be  very  carefully  conducted,  and  two  or  three  inches  of  the  anterior 
portion  of  the  tube  kept  cool  enough  to  prevent  volatilisation  of  the  copper 
chloride  into  the  calcium-chloride  tube.  Lead  chromate  is  much  better 
for  the  purpose.  The  chlorine  is  correctly  determined  by  placing  a  small 
weighed  bulb  of  liquid  in  a  combustion-tube,  which  is  afterwards  filled  with 
fragments  of  pure  quicklime.  The  lime  is  brought  to  a  red  heat,  and  the 
vapor  of  the  liquid  driven  over  it,  when  the  chlorine  displaces  oxygen  from 
the  lime,  and  gives  rise  to  calcium  chloride.  When  cold,  the  contents  of 
the  tube  are  dissolved  in  dilute  nitric  acid,  filtered,  and  the  chlorine  pre- 
cipitated by  silver  nitrate. 

Bromine  and  iodine  are  estimated  in  a  similar  manner. 


EMPIRICAL  AND  MOLECULAR  FORMULAE. 

A  chemical  formula  is  termed  empirical  when  it  merely  gives  the  simplest 
possible  expression  of  the  composition  of  the  substance  to  which  it  refers. 
A  molecular  formula,  on  the  contrary,  expresses  the  absolute  number  of! 
atoms  of  each  of  its  elements  supposed  to  be  contained  in  the  molecule,  as 
well  as  the  mere  relations  existing  between  them.  The  empirical  formula 
is  st  once  deduced  from  the  analysis  of  the  substance,  reckoned  to  100 
parts;  but  to  determine  the  molecular  formula,  other  considerations  must 
be  taken  into  account :  namely,  the  combining  or  saturating  power  of  the 
compound,  if  it  is  acid  or  basic ;  the.  number  of  atoms  of  any  one  of  its 
elements  (generally  hydrogen)  which  may  be  replaced  by  other  elements; 
the  law  of  even  numbers,  which  requires  that  the  sum  of  the  numbers  of 
atoms  of  all  the  perissad  elements  (hydrogen,  nitrogen,  chlorine,  Ac.)  con- 
tained in  the  compound  shall  be  divisible  by  2 ;  and  the  vapor-density  of 
the  compound  (if  it  be  volatile  without  decomposition)  which,  in  normally 
constituted  compounds,  is  always  half  the  molecular  weight  (p.  229). 

The  molecular  formula  may  either  coincide  with  the  empirical  formula, 
or  it  may  be  a  multiple  of  the  latter.  Thus,  the  composition  of  acetic  acid 
is  expressed  by  the  formula  CHtO,  which  exhibits  the  simplest  relations  of 
the  three  elements;  but  if  we  want  to  express  the  quantities  of  these,  in 
atoms,  required  to  make  up  a  molecule  of  acetic  acid,  we  have  to  adopt  the 
formula  C,H4Ot:  for  only  one-fourth  of  the  hydrogen  in  this  acid  is  re- 
placeable  by  metals  to  form  salts,  C,H,KOr  for  example;  and  its  vapor- 
density,  compared  with  hydrogen,  is  nearly  30,  which  is  half  the  weight  of 
the  molecule,  C.H4Ot  =  2 .  12  -f  4 . 1  +  2 .  16.  Again,  the  empirical  formula 
of  bensene  is  CH;  but  this  contains  an  uneven  number  of  hydrogen  atoms; 
89 


458  EMPIRICAL   AND   MOLECULAR   FORMULA. 

and,  moreover,  if  it  expressed  the  weight  of  the  molecule  of  benzene,  the 

12-1-1 
vapor-density  of  that  compound  should  bo  — ^ —  =  6-6,  whereas  experi- 

ment  shows  that  it  is  six  times  as  great,  or  equal  to  89:  hence  the  molecular 
formula  of  benzene  is  CsHr 

The  deduction  of  an  empirical  formula  from  the  ultimate  analysis  is  very 
easy ;  the  case  of  sugar,  already  cited,  may  be  taken  as  an  example.  This 
substance  contains,  according  to  the  analysis,  in  100  parts  — 

Carbon        .        •        ...        .        .        41-98 
Hydrogen        .        .        .  '      .  .      6-43 

Oxygen 61-59 

100*00 

If  each  of  these  quantities  be  divided  by  the  atomic  weight  of  the  corre- 
sponding element,  the  quotients  will  express  the  relations  existing  between 
the  numbers  of  atoms  of  the  three  elements :  these  are  afterwards  reduced  to 
their  simplest  expression.  This  is  the  only  part  of  the  calculation  attended 
with  any  difficulty.  If  the  numbers  were  rigidly  correct,  it  would  only  be 
necessary  to  divide  each  by  the  greatest  divisor  common  to  the  whole;  as 
they  are,  however,  only  approximative,  something  is  of  necessity  left  to  the 
judgment  of  the  experimenter. 
In  the  ease  of  sugar,  we  have 

41-98  6-48  61-59 


=  8-50;        —  =  648;        — -  =  822, 


12  *  1  f  16 

or  850  atoms  carbon,  648  atoms  hydrogen,  and  822  atoms  oxygen.  Now  it 
is  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen  are  present  in 
the  proportions  to  form  water,  or  twice  as  many  atoms  of  the  former  as  of 
the  latter.  Again,  the  atoms  of  carbon  and  hydrogen  are  nearly  in  the 
proportion  of  12  :  22,  so  that  the  formula  C^H^O,,  appears  likely  to  be 
correct.  It  is  now  easy  to  see  how  far  this  is  admissible,  by  reckoning  it 
back  to  100  parts,  comparing  the  result  w'th  the  numbers  given  by  the 
actual  analysis,  and  observing  whether  the  difference  falls  fairly,  in  direction 
and  amount,  within  the  limits  of  error  of  what  may  be  termed  a  good  ex- 
periment, Tis.,  two  or  three-tenths  per  cent,  deficiency  in  the  carbon,  and 
not  more  than  one-tenth  or  two-tenths  per  cent,  excess  in  the  hydrogen: 

Carbon  .  .  .  .  12  x  12  =  144 
Hydrogen  .  .  .  .  1  x  22  ==  22 
Oxygen        .        .        .        .        16  x  H  =  176 

842 

842  :  144  =  100  :  4211 
842  :  222  =  100  :  6-43 
842  :  176  =  100  :  51  46 

Organic  acids  and  salt-radicals  hare  their  molecular  weights  most  fre- 
quently determined  by  an  analysis  of  their  lead  and  silver  salts,  by  burning 
these  latter  with  suitable  precautions  in  a  thin  porcelain  capsule,  and  noting 
the  weight  of  the  lead  oxide  or  metallic  silver  left  behind.  If  the  lead  oxide 
be  mixed  with  globules  of  reduced  metal,  the  quantity  of  the  latter  must  be 
ascertained  by  dissolving  away  the  oxide  with  acetic  acid.  Or  the  lead  salt 
may  be  converted  into  sulphate,  and  the  silver  compound  into  chloride,  and 
both  metals  thus  estimated.     An  organio  base,  on  the  contrary,  has  iU 
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molecular  weight  fixed  by  the  observation  of  the  quantity  of  a  mineral 
acid,  or  an  inorganic  salt-radical,  required  to  form  with  it  a  combination 
baring  the  characters  of  neutrality. 

The  rational  and  constitutional  formulae  of  organic  compounds  will  be 
considered  further  on. 
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Fig.  190. 


The  determination  of  the  specific  gravity  of  the  vapor  of  a  volatile  sub- 
stance is  frequently  a  point  of  great  importance,  inasmuch  as  it  gives  the 
means,  in  conjunction  with  the  analysis,'  of  representing 
the  constitution  of*  the  tfubstrfnce  by  measure  in  a  gaseous 
state.  The  following  is  a  sketch  of  the  plan  of  operation 
usually  followed  :  —  A  light  glass  globe  about  three  inches 
in' diameter  is  taken,  add  its 'neck*  softened  And  dVawn'out 
in  the  blowpipe -flame,  as  represented  in  fig.  190:  this  is 
accurately  weighed.  About' one  hundred  grains  of  the 
volatile  liquid  are  then  introduced,  by  gently  warming  the 
globe  and  dipping  the  point  into  the  liquid,  which  is  then 
forced  upwards  by  the  pressure  of  the  air  as  the  vessel 
cools.  The  globe  is  next  firmly  attached  by  wire  to  a  han- 
dle, in  such  a  manner  that  it  may  be  plunged  into  a  bath 
of  boiling  water  or  heated  oil,  and  steadily  held  with  the 
point  projecting  upwards.  The  bath  must  have  a  temper- 
ature considerably  above  that  of  the  boiling  point  of  the 
liquid.  The  latter  becomes  rapidly  converted  into  vapor, 
which  escapes  by  the  narrow  orifice,  chasing  before  it  the 
air  of  the  globe.  When  the  issue  of  vapor  has  wholly 
eeased,  and  the  temperature  of  the  bath,  carefully  observed,  appears  pretty 
uniform,  the  open  extremity  of  the  point  is  hermetically  sealed  bv  a  small 
blowpipe-flame.  The  globe  is  removed  from  the  bath,  suffered  to  cool, 
cleansed  if  necessary,  and  weighed,  after  which  the  neck  is  broken  off  be- 
neath the  surface  of  water  which  has  been  boiled  and  cooled  out  of  contact 
of  air,  or  (better)  of  mercury.  The  liquid  enters  the  globe,  and,  if  the 
expulsion  of  the  air  by  the  vapor  has  been  complete,  fills  it ;  if  otherwise,' 
an  air-bubble  is  left  whose  volume  can  be  easily  ascertained  by  pouring  the 
liquid  from  the  globe  into  a  graduated  jar,  and  then  refilling  the  globe,  and 
repeating  the  same  observation.  The  capacity  of  the  vessel  is  thus  at  the 
tame  time  known :  and  these  are  all  the  data  required.*  An  example  will 
reader  the  whole  intelligible. 

Determination  of  the  Vapor-Density  of  Acetone. 


Cspicity  of  globe 

Weight  of  globe  filled  with  dry  air  at  52°  F.  and 
30*24  inches  barometer         . 

Weight  of  globe  filled  with  vapor  at  212°  F.  temp,  of 
the  bath  at  the  moment  of  sealing  the  point,  and 
30*24  inches  barometer        .         .         .         .         . 

Residual  air,  at  45°  F.,  and  30-24  inches  barometer 


31*61  cubio  inches. 
2070-88  grains. 


2076-81  grains. 
0-60  cubio  inches. 

•  Mem.  Playfkir  and  Wanklyn  have  lately  described  an  important  modification  of  this 
procen,  whereby  the  den*  It  lea  of  a  vapor  at  temperatures  below  the  boiling  point  of  the  liquid 
nay  be  determined.  Thie  object  u  attained  by  mixing  the  vapor  of  the  body  with  a  meae- 
w*d  volume  of  a  permanent  gas — hydrogen,  for  instance. —Journ.  qf  the  Chem.  flbc.,  vol.  xt. 
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81*61  cubic  inches  of  air  at  52°  and  80-24  in.  bar.  ==82-86  cubic  inches  it 
60°  F.f  and  80  inch  bar.,  weighing      ....         10085  grains. 
Hence,  weight  of  empty  globe,  2070-88— 10-086  =  2060-845  grains. 


0-6  cubic  inch  of  air  at  46°  =  0-8  cubio  inch  at  212°;  weight  of  do.  bj  cal- 
culation =01 91  grain. 

81-61  —0-8  «  80-81  cubic  inches  of  vapor  at  212°  and  80*24  in.  bar.,  which, 
on  the  9uppo9t(ion  that  it  would  hettr  cooling  to  60°  without  liquefaction,  would, 
at  that  temperature,  and  under  a  pressure  of  80  inch,  bar.,  become  re- 
duced to  24  18  cubio  inohes. 

Hence, 

Weight  of  globe  and  vapor 2076*810  grains. 

**  residual  air 0191 

2076*619      « 
Weight  of  globe 2060-845      " 

Weight  of  the  24-18  cubic  inches  of  vapor  .  .  .  15-774  " 
Consequently,  100  cubic  inches  of  such  vapor  must  weigh  65-23  " 
100  cubic  inches  of  air,  under  similar  circumstances,  weigh  81  -01  " 
65-28 

—  K  2-108,  the  specific  gravity  of  the  vapor  in  question,  air  being  unity. 
81-01 

Or,  the  weight  of  100  cubio  inches  of  hydrogen  being  2*14  grains, 
65  28 

=  80*44  is  the  specific  gravity  of  acetone  vapor  referred  to  hydrogen 

214 

as  unity. 

In  the  foregoing  statement,  we  have,  for  the  sake  of  simplicity,  omitted 
a  correction,  which,  in  very  exact  experiments,  must  not  be  lost  sight  of, 
vis.,  the  expansion  and  change  of  capaoity  of  the  glass  globe  by  the  ele- 
vated temperature  of  the  bati.  The  density  so  obtained  will  be  always  on 
this  account  a  little  too  high. 

The  error  of  the  mercurial  thermometer  at  high  temperatures  is  in  the 
opposite  direction. 

The  preoeding  method,  which  is  that  of  Dumas,  is  applicable  to  the  de- 
termination of  the  vapor-densities  of  all  substances  whose  boiling  points  are 
within  the  range  of  the  mercurial  thermometer,  that  is  to  say,  not  exceed- 
ing 800° C.  (572°  F.),  and  therefore  to  nearly  all  volatile  organic  compounds: 
indeed,  there  are  but  few  such  compounds  which  can  bear  higher  tempera- 
tures without  decomposition.  But  for  mineral  substances,  such  as  sulphur, 
iodine,,  volatile  metallic  chlorides,  &c,  it  is  often  necessary  to  employ  much 
higher  temperatures;  and  for  such  cases  a  modification  of  the  process  has 
been  devised  by  Deville  and  Troost.  It  consists  m  using  a  globe  of  porce- 
lain instead  of  glass,  heating  it  in  the  vapor  of  a  substance  whose  boiling 
point  is  known  and  constant,  and  sealing  the  globe  by  the  flame  of  the  oxy- 
hydrogen  blowpipe.  The  vapors  employed  for  this  purpose  are  those  of 
mercury,  which  boils  at  850°  C.  (662°  F.) ;  of  sulphur,  which  boils  at  440°  C. 
(824°  F. ) ;  of  cadmium,  boiling  at  860°  C.  (1680°  F. ) ;  of  sine,  boiling  at  1040° 
C.  (1900°  F.).  The  use  of  these  liquids  of  constant  boiling  point  obviates 
the  necessity  of  determining  the  temperature  in  each  experiment,  which  at 
such  degrees  of  heat  would  be  very  diftlcult. 

In  the  processes  above  described,  the  density  of  a  vapor  is  determined 
by  weighing  the  quantity  of  the  vapor  contained  in  a  vessel  of  known  ca- 
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pacity.  Another  method,  devised  by  Gay-Lussac,  consists  in  ascertaining 
the  volume  occupied  by  a  given  weight  of  substance  when  heated  up  to  a 
temperature  considerably  above  its  boiling  point. 

The  density  of  a  vapor  referred  to  air  as  unity  may  be  converted  into 
that  which  it  has  compared  with  hydrogen,  by  dividing  by  0*06926,  the 
specific  gravity  of  hydrogen  referred  to  air  as  unity. 

The  vapor-density  of  a  compound  thus  determined,  that  is  to  'say,  the 
weight  of  a  unit-volume  of  its  vapor  compared  with  that  of  hydrogen,  ir 
found  to  be  in  nearly  all  cases  half  its  molecular  weight ;  for  example,  the 
molecular  weight  of  acetone,  CLHjO,  is  86  -f-  6  -f-  16  =r  68,  the  half  of 
which  is  29,  or  nearly  equal  to  the  vapor-density  of  acetone  determined  by 
experiment.  Hence  the  law  already  stated  (p.  229),  that  the  molecules  of 
all  normally  constituted  compounds  in  the  state  of  vapor  occupy  twice  the 
volume  of  an  atom  of  hydrogen. 

Some  compounds,  however,  exhibit  a  departure  from  this  rule,  their  ob- 
served specific  gravities  being  equal  to  only  one-fourth  their  molecular 
weights,  or  their  molecules  occupying  four  times  the  volume  of  an  atom  of 
hydrogen.  Such  is  the  case  with  sal-ammoniac,  NH4C1,  phosphorus  penta- 
chloride,  PCI*  sulphuric  acid,  S04Hr  ammonium-sulph-hydrate,  SH(NH4), 
and  a  few  others.  This  anomaly  is  probably  due,  in  some  cases  at  least,  to 
a  decomposition  or  "  dissociation  "  of  the  compound  at  the  high  tempera- 
ture to  which  it  is  subjected  for  the  determination  of  its  vapor-density ; 
NH4C1,  for  example,  splitting  up  into  NHS  and  HC1,  each  of  which  occupies 
two  volumes,  and  the  whole  therefore  four  volumes;  and  in  like  manner 
S04H.  may  be  supposed  to  separate  into  SO.  and  OH. ;  PCI.  into  PCL  and 
CI,;  SH(NH4)  into  SHt  and  NH8,  &c. 

On  the  other  hand,  some  substances,  both  simple  and  compound,  exhibit, 
at  temperatures  not  far  above  their  boiling  points,  vapor-densities  consider- 
ably greater  than  they  should  have  according  to  the  general  law,  whereas 
when  raised  to  higher  temperatures  they  exhibit  normal  vapor-densities. 
Thus  sulphur,  which  boils  at  440°  C.  (824°  F.),  exhibits  at  1000°  C.  (1882° 
F.),  like  elementary  gases  in  general,  a  vapor-density  equal  to  its  atomic 
weight,  viz.,  82  (see  p.  229).;  but  at  600°  C.  (982°  F.)  its  vapor-density  is 
nearly  three  times  as  great.  Again,  acetic  acid,  C,H4Or  whose  molecular 
weight  is  24  -j-  4  -{-  16  =  60,  has,  at  temperatures  considerably  above  its 
boiling  point,  a  vapor-density  nearly  equal  to  80;  but  at  125°  C.  (257°  F.), 
8°  C.  (14°  F.)  above  its  boiling  point,  its  vapor-density  is  rather  more  than 
45,  or  H  times  as  great.  This  anomalous  increase  of  vapor-density  appears 
to  take  place  when  the  substance  approaches  its  liquefying  point,  at  which 
also  it  exhibits  irregularities  in  its  rate  of  expansion  and  contraction  by  varia- 
tions of  pressure  and  temperature — at  which,  in  short,  it  begins  to  behave 
itself  like  a  liquid ;  but  at  higher  temperatures  it  exhibits  the  physical 
characters  of  a  perfect  gas,  and  then  also  its  specific  gravity  becomes  normal. 

There  are  two  elements,  however,  namely,  phosphorus  and  arsenic,  which, 
at  all  temperatures  hitherto  attained,  exhibit  a  vapor-density  twioe  as  great 
is  they  should  have  according  to  the  general  law,  that  of  phosphorus  being 
tlways  62,  and  that  of  arsenic  150.  This  has  been  explained  by  supposing 
that  the  molecule  of  each  of  these  elements  in  the  free  state  contains  4  atoms 
instead  of  two,  as  is  the  case  with  most  elementary  bodies ;  thus  the  mole- 
cule of  phosphorus  is  supposed  to  be  represented  by  the  formula 
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DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 
COMPOUNDS. 

Organic  bodies  are,  generally  speaking,  distinguished  by  the  facility  with 
whioh  they  decompose  under  the  influence  of  heat  or  of  chemical  reagents: 
the  more  complex  the  body,  the  more  easily  does  it  undergo  decomposition 
or  transformation. 

1.  Action  of  Heat.  —Organic  bodies  of  simple  constitution  and  of  some 
permanence,  but  not  capable  of  subliming  unchanged,  like  many  of  the  organic 
acids,  yield,  when  exposed  to  a  high,  but  regulated  temperature,  in  a  retort, 
new  compounds,  perfectly  definite  and  often  crystallizable,  which  partake, 
to  a  certain  extent,  of  the  properties  of  the  original  substance :  the  numer- 
ous pyro-ocid*f  of  which  many  examples  will  occur  in  the  succeeding  pages, 
are  thus  produced.  Carbon  dioxide  and  water  are  often  eliminated  under 
these  circumstanoes.  If  the  heat  be  suddenly  raised  to  redness,  the  regu- 
larity of  the  decomposition  vanishes,  while  the  products  become  more  un- 
certain and  more  numerous;  carbon  dioxide  and  watery  vapor  are  suc- 
ceeded by  inflammable  gases,  as  carbon  monoxide  and  hydrocarbons ;  oily 
matter  and  tar  distil  over,  and  increase  in  quantity  until  the  close  of  the 
operation,  when  the  retort  is  found  to  contain,  in  most  cases,  a  residue  of 
charcoal.     Such  is  dry  or  destructive  distillation. 

IS  the  organic  substance  contains  nitrogen,  and  is  not  of  a  kind  capable 
of  taking  a  new  and  permanent  form  at  a  moderate  degree  of  heat,  then 
that  nitrogen  is  in  most  instances  partly  disengaged  in  the  shape  of  ammo- 
nia, or  substances  analogous  to  it,  partly  left  in  combination  with  the  car- 
bonaceous matter  in  the  distillatory  vessel.  The  products  of  dry  distillation 
thus  become  still  more  complicated. 

A  much  greater  degree  of  regularity  is  observed  in  the  effects  of  heat  on 
fixed  organic  matters,  when  these  are  previously  mixed  with  an  excess  of 
strong  alkaline  base,  as  potash  or  lime.  In  such  cases  an  acid,  the  nature 
of  which  is  chiefly  dependent  upon  the  temperature  applied,  is  produced, 
and  remains  in  union  with  the  base,  the  residual  element  or  elements  escap- 
ing in  some  volatile  form.  Thus  benzoic  acid  distilled  with  calcium  hy- 
drate, at  a  dull  red  heat,  yields  calcium  carbonate  and  benzene ;  woody 
fibre  and  caustic  potash,  heated  to  a  very  moderate  temperature,  yield  free 
hydrogen,  and  a  brown,  somewhat  indefinite  substance  called  ulmk  add; 
with  a  higher  degree  of  heat,  oxalio  acid  appears  in  the  place  of  the  ulmic; 
and,  at  the  temperature  of  ignition,  carbon  dioxide,  hydrogen  being  the 
other  product. 

2.  Action  of  Oxygen. — Oxygen,  either  free  or  in  the  nascent  state,  in 
whioh  latter  condition  it  is  most  active,  may  act  on  organic  compounds  in 
four  different  ways: 

a.  By  simple  addition,  as 


C.H40  +  0  =  C,H40, 
Aldehyde.  Acetic  acid. 

0,  By  simply  removing  hydrogen: 

CtH§0  +  O  =  OH,  +  C8H40 
Alcohol.  Aldehyde. 

y.  By  removing  hydrogen  and  taking  its  place,  2  atoms  of  hydrogen  being 
replaced  by  one  of  oxygen  ;  e.  g,  : 

C2H60  +  Oa  =  OH,  +  C,H40, 
Alcohol.  Acetic  acid. 
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L  By  removing  both  carbon  and  hydrogen.  In  this  manner  complex 
organic  bodies  containing  large  numbers  of  carbon  and  hydrogen  atoms  are 
reduced  to  others  of  simpler  constitution,  and  ultimately  the  carbon  and 
hydrogen  are  wholly  converted  into  carbon  dioxide  and  water.  Nitrogen, 
chlorine,  bromine,  and  iodine,  if  present,  are  at  the  Bame  time  disengaged, 
for  the  most  part  in  the  free  state,  and  sulphur  is  oxidized. 

Moist  organic  substances,  especially  those  containing 'nitrogen,  undergo, 
when  exposed  to  the  air,  a  slow  process  of  oxidation,  by  which  the  organic* 
matter  is  gradually  burned  and  destroyed  without  sensible  elevation  of 
temperature;  this  process  is  called  Decay,  or  EremacauaU.  Closely  con- 
nected with  this  change  are  those  called  Fermentation  and  Putrefaction,  con- 
sisting in  a  new  arrangement  of  the  elements  of  the  compound  (often  with 
assimilation  of  the  elements  of  water),  and  the  consequent  formation  of  new 
products.  The  change  is  called  putrefaction,  when  it  is  accompanied  by  an 
offensive  odor ;  fermentation,  when  no  such  odor  is  evolved,  and  especially 
if  the  change  results  in  the  formation  of  useful  products :  thus,  the  decom- 
position of  a  dead  body,  or  of  blood  or  urine,  is  putrefaction ;  that  of  grape- 
juice  or  malt-wort,  which  yields  alcohol,  is  fermentation.  Putrefaction 
and  fermentation  are  not  processes  of  oxidation ;  nevertheless,  the  presence 
of  oxygen  appears  to  be  indispensable  to  their  commencement;  but  the 
change,  when  once  begun,  proceeds  without  the  aid  of  any  other  substance 
external  to  the  decomposing  body,  unless  it  be  water  or  its  elements.  Every 
case  of  putrefaction  thus  begins  with  decay ;  and  if  the  decay,  or  its  cause, 
namely,  the  absorption  of  oxygen,  be  prevented,  no  putrefaction  occurs. 
The  most  putrescible  substinces,  as  animal  flesh  intended  for  food,  milk, 
and  highly  azotized  vegetables,  are  preserved  indefinitely,  by  enclosure  in 
metallic  cases  from  which  the  air  has  been  completely  removed  and  excluded. 

Fermentation  and  putrefaction  are  always  accompanied  by  the  develop- 
ment of  certain  living  organisms  of  the  fungous  class;  but  whether  the 
growth  of  these  is  a  cause  or  a  consequence  of  the  chemical  change  is  a 
point  not  yet  decided.  We  shall  return  to  this  subject  in  speaking  of  the 
fermentation  of  sugar. 

3.  Action  of  Chlorine,  Bromine,  and  Iodine, — Chlorine  and  bromine  exert 
precisely  similar  actions  on  organic  bodies ;  that  of  chlorine  is  the  more 
energetic  of  the  two.     The  reactions  consist : 

«.  In  simple  addition  of  chlorine  or  bromine  to  the  organic  molecule ;  e,g.: 

C4H^  -f  Br,  sr  C4H4Br,04 
Fumario  Dibromosuocinio 

acid.  acid. 

0.  In  removal  of  hydrogen  without  substitution : 

C,H,0  +  CI,  =  2HC1  +  C.H40 
Alcohol.  Aldehyde. 

y.  In  substitution  of  chlorine  or  bromine  for  hydrogen : 

C,H40,  +  CI,  =  HC1  +  C.H8ClO, 

Acetic  Chloracetio 

acid.  acid. 

C*H40,  -f  8C1,  =  8HC1  +  C3HC1,0, 

Acetic  Trichloracetic 

acid.  acid 

The  substitution-products  thus  formed  undergo  transformations  closely 
analogous  to  those  of  the  original  compounds,  under  the  influence  of  simi- 
lar reagents ;  but  they  are  always  more  acid,  or  less  basylous,  in  propor- 
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tion  to  the  quantity  of  ohlorine  or  bromine  substituted  for  hydrogen.  Ties 
aniline,  CCHTN,  which  is  a  strong  base,  maj  be  converted,  by  processes  tt 
be  hereafier  described,  into  the  chlorinated  compounds,  CfHfClN,  CJ&fiXJS, 
and  C^HjCljN,  the  first  and  second  of  which  are  less  baste  than  aniline 
itself,  while  the  third  does  not  show  any  tendency  to  form  sells  with  acids. 

J.  In  presence  of  water  they  remove  the  hydrogen  of  that  liquid,  and  set 
free  the  oxygen:  hence,  chlorine- water  and  bromine-water  ad  as  powerful 
oxidizing  agents. 

Iodine  may  also  act  in  this  manner  as  an  oxidising  agent;  and  it  seme- 
times  attaches  itself  directly  to  organic  molecules;  but  it  never  acts  directly 
by  substitution.  Iodine  substitution-products  may,  however,  be  obtained 
in  some  cases  by  treating  organic  bodies  with  chloride  of  iodine,  the  chlor- 
ine then  removing  hydrogeu,  and  the  iodine  taking  its  place. 

4.  Action  of  Nitric  Acid.  —  This  acid  acts  very  powerfully  on  organic  tab- 
stances.     The  aotion  may  be  of  three  kinds: 

a.  Direct  combination,  as  with  organic  bases;  e.g.: 

C,HTN     +     NOtH    =    C,HtN.NOtH 
Ethylamine.        Nitric  Ethylamine 

acid.  nitrate. 

0.  Oxidation.    This  mode  of  action  is  most  frequently  observed  with  the 
somewhat  diluted  acid. 
y.  Substitution  of  nitryl  (NO,)  for  hydrogen ;  e.  g. : 

C,Hf    +     NO,(OH)    =    OHt    +    CfH§(NO,) 
Bensene.      Nitric  acid.  Nitrobenzene. 

QHpO,    +    8NO,(OH)    =    80H,  +    CsH^NO.V^ 
Cellulose.         Nitric  acid.  Tritrocellulose 

(gun-cotton). 

This  action  takes  place  most  readily  with  the  strongest  nitric  acid  (pure 
hydrogen  nitrate).  The  products  (called  nitro-compounds)  are  always  easily 
combustible,  and  in  many  cases  highly  explosive. 

6.  Action  of  Alkalies. — The  hydrates  of  potassium  and  sodium  act  on 
organic  bodies  in  a  great  variety  of  ways,  the  most  important  and  general 
of  which  are  the  following:  — 

«.  By  direct  combination: 

CO  +         OKH        =        CHKO, 

Carbon  Potassium  Potassium 

monoxide.  hydrate.  formate. 

Cl0Hw0      +         OKH        =      C^H^KO, 
hor.  Potassium  Potassium 

hydrate.  campholate. 

$.  By  double  decomposition  with  acids,  water  being  eliminated,  and  a 
salt  produced : 

CAO^.H        +        OKH      =        OH,        +        C,HtO,.K 
Acetic  acid.  Potassium 

acetate. 
y.  Oxidation,  with  elimination  of  hydrogen : 

C,HfO    +    OKH    ss    C,H,KOt    +    2H, 
Alcohol.  Potassium 

acetate. 

i.  From  chlorinated  compounds  they  remove  a  part  or  the  whole  of  the 
ohlorine : 


CKUJ0 
C&mphoi 
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C,H4C1,     +      OKH      =      C,H8Ci      +      KC1      +      OH, 
Ethene  Chlor- 

ohloride.  ethene. 

CSHUC1      +      OKH      =       C5H10       +      Ka      +      OH, 
Amyl  Amylene. 

chloride. 

i.  Amides  (pp.  316,  471)  are  decomposed  by  them  in  such  a  manner  that 
the  whole  of  the  nitrogen  is  given  off  as  ammonia,  and  a  potassium  or 
sodium  salt  of  the  corresponding  acid  is  produced : 

NH,.CfH,0    +    OKH     =     NH,    +    C.HtO.OK 
Acetamide.  Potassium 

acetate. 

Many  other  axotixed  organic  compounds,  when  heated  with  alkaline 
hydrates,  likewise  give  up  the  whole  of  their  hydrogen  in  the  form  of 
ammonia. 

6.  Action  of  Reducing  Agent*.  —  This  name  is  given  to  bodies  whose  action 
is  the  inverse  of  that  of  oxygen,  chlorine,  bromine,  and  iodine ;  such  are 
nascent  hydrogen,  obtained  by  the  action  of  sodium-amalgam  on  water,  or 
by  that  of  xinc  on  aqueous  acids  or  alkalies ;  also  hydrogen  sulphide,  am- 
monium sulphide,  sulphurous  acid,  and  metals,  especially  potassium  and 
sodium,  all  of  which  either  give  up  hydrogen,  or  abstract  oxygen,  chlor- 
ine, &c. 

Reducing  agents  may  act  in  the  following  ways:  — 
m.  By  adding  hydrogen  to  an  organic  body : 

C,H40    +    HH    -=    C,HpO 
Ethene  Alcohol, 

oxide. 

$.  By  removing  oxygen,  chlorine,  bromine,  or  iodine,  without  introducing 
anything  in  its  place ;  thus : 

CjlVJ,  .+    HH    =    OH,    +    C7HfO 
Benxoic  Benxoio 

acid.  aldehyde. 

y.  By  substituting  hydrogen  for  oxygen,  chlorine,  &o.  This  process  is 
called  inverte  substitution.  It  may  take  place  either  in  equivalent  quanti- 
ties; e.g.: 

CTHsO  .  OH    +    2HH    =r    OH,    -f    C,H7  .  OH 
Benxoic  Benzylio 

acid  alcohol 

or  it  may  happen  that  the  quantity  of  hydrogen  introduced  is  only  half 
that  which  is  equivalent  to  the  oxygen  removed.  This  mode  of  substitu- 
tion takes  place  with  nitro-com pounds,  which  are  thereby  reduced  to  others 
containing  amidogen,  (NH,),  in  place  of  nitryl,  (NO,) ;  thus : 

C«H5(N03)    +     8H,    _    20H,    +    C,H6(NH,) 
Nitrobenzene.  Amidobenzene 

(aniline). 

A  large  number  of  organic  bases  are  formed  in  this  manner  from  nitro- 
compounds. 

7.  Action  of  Dehydrating  Agents. — Strong  sulphuric  acid,  sulphuric  oxide, 
phosphoric  oxide,  and  zinc  chloride  remove  oxygen  and  hydrogen  from 
organic  bodies  in  the  form  of  water,  the  elements  of  which  are  derived, 
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sometimes  from  a  single  molecule  of  the  organic  body,  sometimes  from  two 
molecules : 

C,HfO    —    OH,    =    C,H4 
AlcolioL  Ethene. 

2C,HfO    —    OE,    ==    C4HttO 
AlcohoL  Ether. 

Compounds  which,  like  sugar,  starch,  and  woody  fibre,  consist  of  carbon 
united  with  hydrogen  and  oxygen  in  the  proportions  to  form  water,  are 
often  reduced  by  these  dehydrating  agents  to  black  substances  oonaisUng 
mainly  of  carbon. 

Other  reactions  of  less  generality  than  those  above  described  will  be  suffi- 
ciently illustrated  by  special  cases  in  the  sequel. 


CLASSIFICATION  OF  OBGANIC  COMPOUNDS.— ORGANIC  SERIES. 

The  classification  of  organic  compounds  is  based  upon  the  equivalence  or 
atomicity  of  carbon.  This  element  is  a  tetrad,  being  capable  of  uniting 
with  at  most  four  atoms  of  hydrogen  or  other  monatomio  elements.  Me- 
thane or  marsh  gas,  CH4,  is  therefore  a  saturated  hydro-carbon,  not  capa- 
ble of  uniting  directly  with  chlorine,  bromine,  or  other  monad  elements, 
but  only  of  exchanging  a  part  or  the  whole  of  its  hydrogen  for  an  equiv- 
alent quantity  of  another  monad  element.  It  may,  however,  as  already 
explained  (p.  285),  take  up  any  number  of  dyad  elements  or  radicals,  be- 
cause such  a  radical  introduced  into  any  group  of  atoms  whatever,  neutral- 
ises one  unit  of  equivalency,  and  adds  another,  leaving  therefore  the  com- 
bining power  or  equivalence  of  the  group  just  the  same  as  before.  Ac- 
cordingly, the  hydro-carbon,  CH4,  may  take  up  any  number  of  molecules 
of  the  Divalent  radical,  CHr  thereby  giving  rise  to  the  Beries  of  saturated 
hydro-carbons, 

CHj,        CgHg,        CgHg,        C4H10  •  •  •  •  C  rTfr  \  t.* 

A  series  of  compounds,  the  terms  of  which  differ  from  one  another  by 
CHr  is  called  an  homologous  series.  There  are  many  such  series  besides  that 
of  the  hydro-carbons  just  mentioned ;  thus  methyl-chloride,  CHtCl,  gives 
by  continued  addition  of  CHr  the  series  of  chlorides, 

CH8C1,        C,H4C1,        CSH7C1,        C^Cl  .  .  .  C  Hfc+  CI; 

and  from  methyl-alcohol,  CH40,  is  derived  in  like  manner  the  aeries  of 
homologous  alcohols, 

CH40,        C,HfO,        C,H80,        Cfi»0  .  .  .  0.^+  0. 

The  terms  of  the  same  homologous  series  resemble  one  another  in  many 
respects,  exhibiting  similar  transformations  under  the  action  of  given  re- 
agents, and  a  regular  gradation  of  properties  from  the  lowest  to  the  high- 
est ;  thus,  of  the  hydro-carbons,  Ca  H*+i,  the  lowest  terms  CH4,  CtH|,  and 
CsHr  are  gaseous  at  ordinary  temperatures,  the  highest  containing  20  or 
more  carbon-atoms,  are  solid,  while  the  intermediate  compounds  are  liquids, 
becoming  more  and  more  viscid  and  less  volatile,  as  they  contain  a  greater 
number  of  carbon-atoms,  and  exhibiting  a  constant  rise  of  about  20°  C. 
(36°  F.)  in  their  boiling  points  for  each  addition  of  CH,  to  the  molecule. 

The  saturated  hydro-carbons,  C.  H*-^  may,  under  various  circumstances, 

+  8eep«ge2M. 
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be  deprived  of  two  atoms,  or  one  molecule,  of  hydrogen,  thereby  producing 
a  new  homologous  series, 

CHj,        CfHj,        CgHp        CtHg  •  •  •  CBu£i 

These  are  unsaturated  molecules,  having  two  units  of  equivalency  uncom- 
bined,  and  therefore  acting  as  bivalent  radicals,  oapable  of  taking  up  2 
atoms  of  chlorine,  bromine,  or  other  univalent  radicals,  and  1  atom  of  oxy- 
gen or  other  bivalent  radical. 

The  first  term  of  this  last  series  oannot.give  up  2  atoms  of  hydrogen 
without  being  reduced  to  the  atom  of  carbon ;  but  the  remaining  terms  may 
each  give  up  2  atoms  of  hydrogen,  and  thus  give  rise  to  the  series, 

CjH9        ^t   4>        ^4*lff  •  •  •  •  CmH^,_|. 

each  term  of  which  is  a  quadrivalent  radical. 

And,  in  like  manner,  by  successive  abstractions  of  H„  a  number  of  ho- 
mologous series  may  be  formed  whose  general  terms  are 

C.Hfc-n     C.H*    CBHto_«,    C.Hto_«  .  .  .  .  &o. 

The  individual  series,  as  far  as  Cf,  are  given  in  the  following  table,  to- 
gether with  the  names  proposed  for  them  by  Dr.  Hofmann;  * 

CH4         CH, 
Methane  Methene 

CgHf  Cjiif  ^a**s 

Ethane      Ethene      Ethine 

Propane  Propene   Propme  Propone 

CjH|f        C^  Hg         CqHq         ^4**4        C^Rg 
Quartane  Quartene  Quartine  Quartone  Quartune 

CfiH|,  ^HjO  ^»"S  ^S^§  ^gH4  ^§Pi 

Quintane  Quintene  Quintine  Quintone  Quintune 

C8HM        CjHM        C6H,0        CjHg        C6H§        C6H4        ^§"r 
Sextane    Sextene  Sextine     Sextone  Sextune 

Each  vertical  column  of  this  table  forms  a  homologous  series,  in  which 
the  terms  differ  by  CHr  and  eaoh  horizontal  line  an  isologous  series,  in  which 
the  successive  terms  differ  by  Hr  The  bodies  of  these  last  series  are 
designated  as  the  monocarbon,  dicarbon  group,  &c. 

The  formulae  in  the  preceding  table  represent  hydrocarbons  all  of 
which  are  capable  of  existing  in  the  separate  state,  and  many  of  which 
have  been  actually  obtained.  They  are  all  derived  from  saturated  mole- 
cules, C,  H*+r  by  abstraction  of  one  or  more  pain  of  hydrogen-atoms. 

But  a  saturated  hydrocarbon,  CH4,  for  example,  may  give  up  1,  2,  8,  or 
»ny  number  of  hydrogen-atoms  in  exchange  for  other  elements;  thus  marsh 
gas,  CH*,  subjected  to  the  action  of  chlorine  under  various  circumstances, 
yields  the  substitution- products, 

CH,C1,  CH,C1„  CHCl*  CClj, 

which  may  be  regarded  as  compounds  of  chlorine  with  the  radicals, 

(CH,)/,  (CH,)//,  (CH$)///,  C*; 

and  in  like  manner  each  hydrocarbon  of  the  series,  C,  Hto+r  may  yield  a 
series  of  radicals  of  the  forms, 

(C.Hfc+1)/,        (C.H*)",        (C.H^)/",        (C.H^N&c. 

each  of  which  has  an  equivalent  value,  or  combining  power,  corresponding 

•  Proceedings  of  the  Royal  Society,  xv.  67. 
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with  the  number  of  hydrogen-atoms  abstracted  from  the  original  hydro- 
carbon. Those  of  even  equivalence  contain  even  numbers  of  hydrogen- 
atoms,  and  are  identical  in  composition  with  those  in  the  table  above  given; 
but  those  of  uneven  equivalence  contain  odd  numbers  of  hydrogen-atoms, 
and  are  incapable  of  existing  in  the  separate  state,  except,  perhaps,  as 
double  molecules  (p.  288). 

These  hydrocarbon  radicals  of  uneven  equivalence  are  designated  by 
names  ending  in  yl,  those  of  the  univalent  radicals  being  formed  from  me- 
thane, ethene,  Ac,  by  changing  the  termination  an*  into  yl;  those  of  the 
trivalent  radicals  by  changing  the  final  e  in  the  names  of  the  bivalent 
radicals,  methene,  Ac,  into  yl ;  and  similarly  for  the  rest.  The  names  of 
the  whole  series  will  therefore  be  as  follows:  — 

CH4     (CH,)'  (CH,)"      (CH)'" 

Methane  Methyl  Methene  Methenyl 

C.H,    (C.H.K  (C.H,)"    (C.H,)'"    (C,H,)-     (C,H)' 

Ethane     Ethyl  Ethene      Ethenyl  Ethine     Ethinyl 

C,H,    (C.H,)'  (C.H,)"    (C.H,)"/  (C,H,)*     (C,H,)«    (C,H,)-  (<W* 

Propane  Propyl  Propene  Propenyl    Propine  Propinyl  Propone  ProponyL 

&o.  &c  &c 

From  these  hydrocarbon  radicals,  others  of  the  same  degree  of  equiva- 
lence may  be  derived  by  partial  or  total  replacement  of  the  hydrogen  by 
other  elements,  or  compound  radicals.  Thus  from  propyl,  CtHr  may  be 
derived  the  following  univalent  radicals :  — 

C8H,C1            C8HtCl4            CsH§0            CtH,CltO  CtHf(CN)' 

Chloropropyl  Tetrachloro-  Oxypropyl        Trichlor-  CyanopropyL 
propyl                                oxypropyl 

C,H,(NO.)            C,H4(NH,)0         „CAjCH,)  ,  WW 

Nitropropyl        Amidoxypropyl      Methylpropyl  DiethylpropyL 

From  the  radicals  above  mentioned,  all  well-defined  organic  compounds 
may  be  supposed  to  be  formed  by  combination  and  substitution,  each  radical 
entering  into  combination,  just  like  an  elementary  body  of  the  same  degree 
of  equivalence. 

Organic  compounds  may  thus  be  arranged  in  the  following  classes: 

I.  Hydrocarbon*  containing  even  number*  of  hydrogen  atom*. — These  are  the 
compounds  tabulated  on  page  467;  they  are  sometimes  regarded  as  hy- 
drides of  radicals  containing  uneven  numbers  of  hydrogen  atoms;  e.  g.: 

Methane,  CH4    =     CH,  .  H,  Methyl  hydride. 

IL  Haloid  Ether*. — Compounds  of  hydrocarbons  with  halogens;  e.  g.i 

CH,Cl  C,H4Br,  C,HSIS 

Methyl  chloride.        Ethene  bromide.        Propenyl  iodide. 

These  compounds  are  often  formed  by  direct  substitution  of  chlorine,  bro- 
mine, &c,  for  hydrogen  in  hydrocarbons  containing  even  numbers  of  hydro- 
gen atoms. 

III.  Alcohol*.  —  Compounds  of  hydrocarbon  radicals  (hence  called  alcohol 
radical*),  with  hydroxyl ;  e.g.: 

CtH6(HO)  (C.H4)"fHO),  (CtH§)'"(HO)t 

Ethyl  alcohol.  Ethene  alcohol  Propenyl  alcohol 

(Glycol).  (Glycerin). 

These  compounds  may  be  formed  from  the  corresponding  haloid  ethers,  by 
the  action  of  water  or  alkalies,  just  as  metallic  hydrates  are  formed  from 
the  corresponding  chlorides,  &o. 
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IV.  Oxygen  Ether*,  or  Alcoholic  Oxides.  —  Compounds  of  hydrocarbon 
radicals  with  oxygen ;  e.  g. : 

(C,H,),0  (C.H,)"0  (C,H.)'",0, 

Ethyl  Ethene  Propenyl 

oxide.  oxide.  oxide. 

These  ethers  are  related  to  the  alcohols  in  the  same  manner  as  anhydrous 
metallic  oxides  to  the  corresponding  hydrates  or  hydrylates,  and  may  be 
formed,  in  many  instances,  by  direct  dehydration  of  the  alcohols,  as  by  the 
action  of  sulphuric  acid,  zinc  chloride,  Ac. 

V.  Sulphur  and  Selenium  Alcohols  and  Ethers, — Compounds  analogous  in 
composition  to  the  oxygen  alcohols  and  ethers,  the  oxygen  being  replaced 
by  sulphur  or  selenium.  The  sulphur  and  selenium  alcohols  are  also  called 
mercaptans. 

VI.  Aeid  Halides.  —Compounds  of  oxygenated  radicals  (acid  radicals) 
with  chlorine,  bromine,  Ac. ;  e.  g. : 

C,H,0 .  CI  (CAO^'Cl,  (C6H60)4"'Clt 

Acetyl  Succmyl  Citryl  chloride, 

chloride.  ohloride. 

These  compounds  are  formed  by  the  action  of  the  chlorides,  bromides,  &c, 
of  phosphorus  on  the  compounds  of  the  next  class. 

VII.  Organic  Acids. — Compounds  of  oxygenated  radicals  with  hydroxyl; 

C,HsO.HO  (C4H40,)".(HO),  (<W>4)'".(HO)t 

Acetic  acid.  Succinic  acid.  Citric  acid. 

These  compounds  are  formed  in  a  variety  of  ways ;  among  others,  by  oxi- 
dation of  alcohols,  and  by  the  action  of  water  on  the  corresponding  acid 
halides,  just  as  alcohols  are  formed  from  alcoholic  chlorides.  A  very  large 
number  of  them  exist  also  ready-formed  in  the  bodies  of  plants  and  ani- 
mals. 

The  hydrogen  in  the  radicals  of  these  acids  may  be  more  or  less  replaced 
by  chlorine,  bromine,  nitryl,  (NO.),  and  other  chlorous  radicals;  thus, 
from  benzoic  acid,  CTH6.  HO,  are  derived: 

CTH4C10.HO        CTH8(NO,)O.HO        C7H6(NH,)0 .  HO 
Chlorobenzoio  Nitrobenzoio  Amidobenzoio 

acid.  acid.  acid. 

VIIL  Acid  Oxides,  sometimes  called  Anhydrous  acids,  or  Anhydrides; 

(CAOJjO  (C,H40,)"p  (C,H.O)(C7H50)0 

Acetic  oxide.        Succinic  oxide.       Acetobenzoic  oxide. 

These  are  related  to  the  acids  in  the  same  manner  as  the  oxygen-ethers  to 
the  alcohols,  and  are  formed  from  them  in  some  instances  by  direot  dehy- 
dration. 

IX.  Ethereal  Salts,  also  called  Compound  Ethers.  —  Compounds  formed 
from  acids  by  substitution  of  alcohol  radicals  for  hydrogen,  just  as  metallic 
salts  are  produced  by  substitution  of  metals  for  the  hydrogen  in  acids; 

CJRfix .  H  S04 .  HH  P04 .  HHH 

Acetic  Sulphuric  Phosphoric 
acid.                       acid.  acid. 

40 


470        CLASSIFICATION   OF  ORGANIC  COMPOUNDS. 

C.H/), .  CtH§  S04 .  (C,H5)H  P04.  (C,H,)HH 

Ethylic  Monet  by  ho  Monet  hy  lio 

acetate,  sulphate,  phosphate. 

80,(0,11.),  PO«.(CH,),H 

Diethyho  Diethylic 

sulphate,  phosphate. 

^.(cjy, 

Trietbyho 
phosphate. 

They  are  produced  in  many  cues  by  heating  an  aeid  or  the  corresponding 
chloride  with  an  aleohoL 

X.  Aldehyde*.  —  These  are  compounds  intermediate  between  alcohols 
and  acids.     Thus : 

cjy>  C,H40  C,H40, 

Ethyl  Acetie  Acetio. 

aleohoL  aldehyde.  acid. 

They  are  produced  by  oxidation  of  alcohols,  and  are  reconverted  into  the 
latter  by  the  action  of  nascent  hydrogen.  By  further  oxidation  they  are 
converted  into  acids. 

XL  Ketone*. — These  are  bodies  derived  from  aldehydes  by  the  replace- 
ment of  1  atom  of  hydrogen  by  an  alcohol  radical;  e.g.  : 

Acetic  ketone  or  Acetone,  C,H«0  =  C,Hs(CHs)0. 

They  are  produced  by  the  dry  distillation  of  the  calcium  or  barium  salts 
of  monobasic  acids,  and  by  other  processes  whioh  will  be  mentioned  fur- 
ther on. 

XII.  Amine*,  also  called  Alcohol-bate*,  or  Compound  ammonia*. — Com- 
pounds of  alcohol  radicals  with  amidogen,  (NUs)/f  imidogen,  (NH)",  and 
trivalent  nitrogen ;  e.  g. : 


C,H,.  H,N  (C,HS),.  HN  (C,H5)SN 

"iL  lamine.  Diethy limine.  TrietnyUmine. 


Ethyla 


(W'    (HfN)f        (CaH4)''    (HN)f  (CH4)^ .  Nr 

Ethene-diamine.        Diethene-diamine.      Tnethene-diamine. 

The  modes  of  formation  of  these  bodies  will  be  explained  hereafter. 
They  are  mostly  of  basic  character,  and  capable  of  forming  salts  with 
acids,  like  ammonia,  H,N,  from  which  they  may,  in  fact,  be  derived  by 
substitution  of  alcohol  radicals  for  part  or  the  whole  of  the  hydrogen. 
Those  in  which  the  hydrogen  is  wholly  thus  replaced  are  called  nitrile* ; 
and  among  these  special  mention  must  be  made  of  a  group  consisting  of 
nitrogen  combined  with  a  trivalent  hydrocarbon  radical,  such  as  — 

(CH)'"N  (CJy'N  (C8H8)'"N 

Methenyl  Ethenyl  Propenyl 

nitrile.  nitrile.  nitrile. 

These  nitriles  have  no  basic  properties,  but  are  all  neutral,  except  the 
first,  which  is  a  monobasic  acid,  capable  of  exchanging  its  hydrogen  for 
metals,  and  in  this  character  may  be  regarded  as  a  compound  of  hydrogen 
with  the  univalent  radical  cyanogen  —  C— N;  it  is  accordingly  named  Ay- 
drogen  cyanide,  or  hydrocyanic  acid,  and  the  other  nitriles  homologous  with 
it  are  the  ethers  of  this  acid;  thus; 
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Methenyl  nitrile,  (CH)'"N  =  CN.  H,  Hydrogen  cyanide, 
Ethenyl  nitrile,  (C,Hf  ('"N  =  CN .  <CHS,  Methyl  cyanide, 
Propenyl  nitrile,  (CjHjjwN  =  CN.  CaH§,  Ethyl  cyanide. 

The  metallic  cyanides  have  been  already  notioed  (p.  277). 

Xm.  Alcoholic  Ammonium-compounds. — Compounds  containing  pentad 
nitrogen,  and  haying  the  composition  of  ammonium  salts  in  which  the  hy- 
drogen is  more  or  less  replaced  by  alcohol  radicals ;  e.g. ; 

NT(CjHs)H-Cl  Ethylammonium  chloride, 

NT(CSHS),H3C1  Diethylammonium  chloride, 

N»fC,H5)fHCl  Triethylammonium  chloride, 

Nt(CsH6)4C1  Tetrethylammonium  chloride, 

Nt(C,Hs)4(HO)  Tetrethylammonium  hydrylate. 

This  last  compound  and  its  analogues,  containing  methyl,  amyl,  &o.,  are 
powerful  alkalies,  obtainable  in  the  solid  state,  by  evaporation  of  their 
aqueous  solutions,  as  white  deliquescent  crystalline  masses  resembling 
caustic  potash. 

XIV.  Phosphorus,  Arsenic,  and  Antimony  Compounds,  analogous  to  the 
nitrogen  compounds  XII.  and  XIII. ;  e.  g. : 

P"'(CHJ,  *£"(  W*"  Sb'"(C  H,)f 

Tnethyl  phos-  Triethyl  Triethyl 

phine.  arsine.  stibine. 

I*(CH,)4C1  As'(CHf)(C,H5),Cl  8V(C8H6)4(HO) 

Tetramethyl-  Methyl-triethyl-ar-  Tetrethyl-sti- 

phosphonium  sonium  chloride.  bonium  hydrate, 
chloride. 

XV.  Organo-mctallic  bodies,  not  analogous  to  ammonia  or  ammonium 
salts.  —  Compounds  of  hydrocarbon  radicals  with  monad,  dyad,  and  tetrad 
metals;  e.g.: 

NaC,H§  Zn"(CHf),  Sn*(C,Hs)„ 

Sodium  ethide.  Zinc  ethide.  Stannic  ethide. 

Hg"(CHs)Cl  Sn«'(C,H,)CIt  Sn«'(CH8),L 

Mercuric  chloro-         Stannic  chloro-  Stannic  dimethyl 

methide.  triethide.  di-iodide. 

XVI.  Amides. — Compounds  exactly  analogous  to  the  amines,  but  with 
acid  radicals  instead  of  alcohol  radicals ;  those  which  contain  bivalent  acid 
radicals  combined  with  imidogen,  (NH)",  are  called  imides;  e.g. : 

Acetamide  C,H,O.H,N      I      Succinamide       (C4H40,)".  (H,N), 

Diacetamide       (C,H,0), .  HN  Trisuccinamide  (C4H40.)  " .  N  "" 

Succinimide    {CjAfi^.ES       \      Citramide  (C,HS0JW.NW 

XVII.  Amic  acids.  — Acids  consisting  of  a  bivalent  or  trivalent  acid  rad- 
ical combined  with  hydrozyl  and  with  amidogen ;  e.  g. : 

Succinamic  acid  (C-HLO.)".  HO.  H,N 
Citramic  acid*  (CfH604)'" .  HO .  (HN)". 

Bach  of  the  classes  of  carbon  compounds  above  enumerated  may  be  di- 
vided into  homologous  and  isologous  groups,  though  in  most  cases  the  series 
are  far  from  being  complete. 

*TUe  compound  ta  not  actually  known;  but  its  derivative,  phenyl-dtramic  acid,  (C,H»04)W. 
W>. HN,  has  been  obtained. 
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The  preceding  classes,  most  of  which  hare  their  analogues  amongst  in- 
organic compounds,  include  nearly  all  artificially  prepared  organic  bodies, 
and  the  majority  of  those  produced  in  the  Hying  organism.  There  are  still, 
however,  many  compounds  formed  in  the  bodies  of  plants  and  animals,  the 
chemical  relations  of  whioh  are  not  yet  sufficiently  well  made  out  to  enable 
lis  to  classify  them  with  certainty.  Such  is  the  case  with  many  vegetable 
oils  and  resins,  with  most  of  the  alkaloids  or  basic  nitrogenized  compounds 
found  in  plants,  such  as  morphine,  quinine,  strychnine,  Ac,  and  several 
definite  compounds  formed  in  the  animal  organism,  as  albumin,  fibrin, 
casein,  and  gelatin. 

Rational  Formulm  of  Organic  Compoundi  —  It  must  be  distinctly  under- 
stood that  the  formula  above  given  are  not  the  only  ones  by  which  the 
constitution  of  the  several  classes  of  organic  compounds  may  be  repre- 
sented. Rational  formulae  are  intended  to  represent  the  mode  of  formation 
and  decomposition  of  compounds,  and  the  relation  which  allied  compounds 
bear  to  one  another:  hence,  if  a  compound  can,  under  varying  circum- 
stances, split  up  into  different  atomic  groups  or  radicals,  or  if  it  can  be 
formed  in  various  ways  by  the  combination  of  such  radicals,  different  ra- 
tional formula?  must  be  assigned  to  it.  This  point  has  been  already  noticed 
in  connection  with  the  constitution  of  metallic  salts,  and  illustrated  espe- 
cially in  the  case  of  the  sulphates  (p.  281 ) ;  but  organio  compounds,  which 
for  the  most  part  contain  larger  numbers  of  atoms,  and  are  therefore 
capable  of  division  into  a  greater  number  of  groups,  afford  much  more 
abundant  illustration  of  the  same  principle.  Take,  for  example,  acetic 
acid,  the  molecular  formula  of  which  is  CtH4Or  This  may  be  resolved  into 
the  following  rational  formula : 

1.  CjH.Oj.H. — This  formula,  analogous  to  that  of  hydrochloric  acid, 
CI .  H,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one  atom  of  hy- 
drogen in  exchange  for  a  univalent  metal  or  alcohol-radical,  forming,  for 
example,  sodium  acetate,  C,HtO,.  Na,  ethyl  acetate,  C2H,O.C,Hft,  &c  ;  that 
two  molecules  of  the  acid  may  give  up  two  hydrogen  atoms  in  exchange  for 
a  bivalent  metal  or  alcohol-radical,  forming  barium  acetate,  (C^gOg^Ba", 
ethene  acetate,  (C,HB0,),.  (CtEA)//f  &c. ;  in  other  words,  that  acetic  acid 
is  a  monobasic  acid  (p.  282). 

2.  CsH8O.HO.  —  This  formula,  analogous  to  that  of  water,  H.HO,  cor- 
responds to  such  reactions  as  the  formation  of  acetio  acid  from  acetio 
ohloride  by  the  action  of  water : 

C,HtO.Cl  +  H.HO  =  Ha  +  C.H.O.HO. 

8.  C,HgO .  H .  0.  —  This  formula,  also  comparable  to  that  of  water,  HH .  0, 
corresponds  to  the  conversion  of  acetic  acid  into  acetic  ohloride,  hydro- 
chloric acid,  and  phosphorus  oxychloride,  by  the  action  of  phosphorus 
pentachloride : 

C2H,O.H.O  +  PClg.Cl,  =  C,HtO.Cl  +  HC1  -f  PCl^O; 

also  to  the  formation  of  thiacetic  acid,  C,H80 .  H .  S,  by  the  action  of  phos- 
phorus pentasulphide  on  acetio  acid : 

6(C,Hf0 .  H .  0)  +  P ft  =  6{CtHt0 .  H .  S)  +  P,05. 

4.  (C.H.)'" .  HO  .  0.  —  This  represents  the  formation  of  acetic  acid  from 
ethenyl  nitrile,  (CsHt)///N,  by  heating  with  caustic  alkalies: 

(C,H8)'"N  +  *JHho}  =  NH,  +  (CtH,)'".  0.  HO. 
Ethenyl         Water, 
nitrile. 
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6.  (CH0.  CO)  .  HO.  — This  formula,  in  which  the  radical  acetyl,  C,HsO, 
is  resolved  into  carbonyl,  (CO)",  and  methyl,  corresponds:  a.  To  the  de- 
composition of  acetic  acid  by  electrolysis,  in  which  hydrogen  is  evolved  at  the 
positive  pole,  while  carbon  dioxide  and  ethane,  CjHf,  appear  at  the  negative: 

2(CO.CHt.HO)    =    H,    +    C.H,    +    2COr 

0.  To  the  production  of  methane  (marsh  gas)  by  heating  potassium  ace- 
tate with  excess  of  potassium  hydrate  (p.  169) : 

CO.CHt.KO    +     HKO      =      OH4    +     (CO)".(KO)r 
Potassium  acetate.     Potassium       Methane.  Potassium 

hydrate.  carbonate, 

y.  To  the  production  of  acetone  and  barium  carbonate  by  the  dry  distil- 
lation of  barium  acetate : 

(CO.CHs),.BaO,    =    (CO)"(CHt),    +    (CO)".BaOr 
Barium  acetate.  Acetone.  Barium 

oarbonate. 
Now,  on  comparing  those  several  rational  formulae,  it  will  be  seen  that 
they  are  all  included  under  the  constitutional  formula, 

H    O 

H— A— C— 0— H, 

A 

in  which  the  molecule  is  resolved  into  its  component  atoms,  and  these  atoms 
are  grouped,  v  for  as  possible,  according  to  their  different  equivalences,  or 
combining  powers.  These  constitutional  formulas  are  the  nearest  approach 
to  the  representation  of  the  true  constitution  of  a  compound  that  our  knowl- 
edge of  its  reactions  enables  us  to  give ;  but  the  student  cannot  too  care- 
fully bear  in  mind  that  they  are  not  intended  to  represent  the  actual  ar- 
rangement of  the  atoms  in  space,  but  only,  as  it  were,  their  relative  mode 
of  combination,  showing  which  atoms  are  combined  together  directly,  and 
which  only  indirectly,  that  is,  through  the  medium  of  others.  Thus,  in  the 
formula  of  acetic  acid,  it  is  seen  that  three  of  the  hydrogen  atoms  are  united 
directly  with  the  carbon,  while  the  fourth  is  united  to  it  only  through  the 
medium  of  oxygen ;  that  one  of  the  two  oxygen  atoms  is  combined  with 
carbon  alone,  the  other  both  with  carbon  and  with  hydrogen ;  and  that  one 
of  the  carbon  atoms  is  oombined  with  the  other  carbon  atom  and  with  hy- 
drogen ;  the  second  with  carbon  and  with  oxygen.  Abundant  illustration 
of  these  principles  will  be  afforded  by  the  special  descriptions  of  organic 
compounds  in  the  following  pages. 

Isomerism.  —  Two  compounds  are  said  to  be  isomeric  when  they  have  the 
same  empirical  formula  or  percentage  composition,  but  exhibit  different 
properties.  A  few  examples  of  isomerism  are  met  with  amongst  inorganic 
compounds ;  but  they  are  much  more  numerous  amongst  organic  or  carbon 
compounds. 

Isomeric  bodies  may  be  divided  into  two  principal* groups,  namely: 

A. — Those  which  have  the  same  molecular  weight;  and  these  are  sub- 
divided into : 

«.  Iwmerie  bodies,  strictly  so  called ;  namely,  those  which  exhibit  analogous 
decompositions  and  transformations  when  heated  or  subjected  to  the  action 
of  the  same  reagents,  and  differ  only  in  physical  properties.  Such  is  the 
case  with  the  volatile  oils  of  turpentine,  lemons,  juniper,  &c,  all  of  which 
have  the  composition  C^H^  resemble  each  other  closely  in  their  chemical 
reactions,  and  are  distinguished  chiefly  by  their  odor  and  their  action  on 
polarised  light. 
40» 
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$.  Metameric  bodies,  which,  with  the  fame  percentage  composition  and 
molecular  weight,  exhibit  dissimilar  transformations  under  similar  circum- 
stances. Thus  the  molecular  formula,  CjHaOr  represents  three  different 
bodies,  all  exhibiting  different  modes  of  decomposition  under  the  influence 
of  caustic  alkalies,  vii.,  (1)  Propionic  acid,  CtHftO  .OH,  which  is  converted 
by  caustic  potash,  at  ordinary  temperatures,  into  potassium  propionate, 
CsHftO  .  OK.  —  (2)  Methyl  acetate,  C,H,0 .  OCHr  a  neutral  liquid  not  acted 
upon  by  potash  at  common  temperatures,  but  yielding,  when  heated  with 
it,  potassium  acetate  and  methyl  alcohol : 

C,H$0.  OCH,  +  OKH  =  CtH,0.  OK  +  CH, .  OH. 

(3)  Ethyl  formate,  CHO .  OC,H,,  converted  in  like  manner,  by  heating 
with  potash,  into  potassium  formate,  CHO .  OK,  and  ethyl  alcohol,  CjH^OH. 

These  three  compounds  may  be  represented  by  the  following  constitu- 
tional formulas,  the  dotted  lines  indicating  the  division  into  radicals  indi- 
cated by  the  rational  formulas  above  given : 

H,C  •  HtC  •  H  •         H 

HtC  •  0=C— O— CHr     0=C-^0  —  C— CHP 

0=C— O— H,  •  •         H 

Propionic  acid.        Methyl  acetate.        Ethyl  formate. 

B. — Compounds  which  have  the  same  percentage  composition,  but  differ 
in  molecular  weight;  such  bodies  are  called  polymeric.  The  most  striking 
example  of  polymerism  is  exhibited  by  the  hydro-carbons'  C.H,.,  all  of 
which  are  multiples  of  the  lowest,  namely,  methene,  CHr  Another  exam- 
ple is  afforded  by  certain  natural  volatile  oils,  which  are  polymeric  with 
oil  of  turpentine,  and  have  the  formulas,  C^Hj,,  C^H^,  &c.  All  polymeric 
compounds  exhibit  regular  gradations  of  boiling  point,  vapor-density,  and 
other  physical  characters  from  the  lowest  to  the  highest.  Some  are  chemi- 
cally isomeric,  exhibiting  analogous  transformations  under  similar  circum- 
stances, while  others  are  metameric,  exhibiting  dissimilar  reactions  under 
given  circumstances. 
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Fiest  Series,  C.H^+j. — Paraffins.* 

This  series,  as  already  observed,  consists  of  saturated  hydrocarbons,  not 
capable  of  uniting  with  any  other  bodies,  simple  or  compound.  The  names 
and  formulas  of  the  first  six  are  given  in  the  table  on  page  467 ;  the  follow- 
ing terms  may  be  called,  aeptane,  octane,  nonane,  decane,  undecane,  dodecane%  Ac. 

All  the  members  of  the  series  above  the  first,  CH4,  may  be  regarded  as 
derived  from  that  compound  by  replacement  of  one  of  the  hydrogen-atoms, 
by  a  univalent  hydrocarbon  radical  of  the  series  C,H„+i  (p.  466) ;  thus . 

Methane 

•  From  parum  affltti*,  indicating  their  chemical  indifference.  The  name  paraffin  has  long 
been  applied  to  the  solid  compound*  of  the  series,  on  Account  of  this  character;  and  many  of 
the  liquid  compounds  of  the  same  series  are  known  commercially  ns  paraffin  ml*.  It  is  con- 
venient, therefore,  to  employ  the  term  paraffin  aa  a  generic  name  for  the  whole  ■    ' 
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Ethane      CA^c/0** 
Propane    C,H8  =  C  {  C*£j  =  C  j  C^CH8 
Qnartane  C4HW  =  C  {  C»^  =  C  {  C«»C A  ==  C  {  C*J,CHSCH8 
&c,  Ac. 

Occurrence  and  Formation. — Many  of  the  paraffins  occur  ready-formed  in 
American  petroleum  and  other  mineral  oils  of  similar  origin.  They  are 
formed  artificially  by  the  following  processes: 

1.  By  the  simultaneous  action  of  sine  and  water  on  the  alcoholic  iodides 
(p.  468),  compounds  derived  from  these  same  hydrocarbons  by  the  substi- 
tution of  one  atom  of  iodine  for  hydrogen. 

This  reaction,  which  appears  to  be  applicable  to  the  formation  of  the 
whole  series  of  paraffins,  is  represented  by  the  general  equation : 

2C.H*»+ll  +  Zn,  +  20H,  =  ZnH,0,  +  Znl,  +  2C.H„+1 
Alcoholio        Zinc.    Water.       Zinc  Zinc       Paraffin, 

iodide.  hydrate,      iodide. 

As  an  example,  we  may  take  the  formation  of  ethane  from  ethyl  iodide : 

2C.H.I  +  Zn,  +  OHt  =  ZnH,0,  +  Znl,  +  2C,H, 
Ethyl  Ethane, 

iodide. 

2.  All  the  paraffins  may  be  produced  by  heating  the  alcoholio  iodides 
with  zinc  alone.  Generally  speaking,  however,  two  of  these  hydrocarbons 
are  obtained  together,  the  first  product  of  the  reaction  being  a  paraffin 
containing  twice  as  many  carbon-atoms  as  the  alcoholic  iodide  employed ; 
and  this  compound  being  then  partly  resolved  into  the  paraffin  containing 
half  this  number  of  carbon-atoms  and  the  corresponding  olefine,  (Cm  Hfc) ; 
thus: 


2C.H.I 

Ethyl 
iodide. 

+ 

Zn 

— 

Znl, 

+    C4HI0 
Quartane. 

and, 

4     M 

Quartane. 

- 

Ethene 

+  i 

C,H, 
Sthane. 

Generally: 

and, 

2C.Hto+1l 

+ 

Zn 

= 

Znl,     + 
C.H*  + 

C.Hto+r 

8.  By  the  electrolysis  of  the  fatty  acids  (C,  H„0,).  For  example,  a  solu- 
tion of  potassium  acetate,  divided  into  two  parts  by  a  porous  diaphragm, 
yields  pure  hydrogen,  together  with  potash,  at  the  negative  electrode,  and 
at  the  positive  electrode  (if  of  platinum)  a  mixture  of  carbon  dioxide  and 
ethane  gases: 

2C,H40,    =    2CO,    +    C,H6    +    Hr 

We  may  suppose  that  the  two  molecules  of  acetic  acid  are  resolved  by  the 
current  into  H,  and  C4H604,  and  that  the  latter  then  splits  up  into  2COs  and 
CsHf.    The  general  reaction  is : 

2C,H„Oa    =    2CO,    +     CMHM     +    Hr 

4.  Some  of  the  paraffins  are  obtained  from  acids  of  the  series  CB  HteO, 
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Mid  C.  Hte_fl04>  by  the  action  of  alkalies,  which  abstract  carbon  dioxide  from 
those  acids,  the  hydrocarbon  thus  eliminated  containing  one  atom  of  carbon 
less  than  the  acid  from  whioh  it  is  produced!: 

C.+,H*+aO,*  =      CO,    -f  C.    H..+* 
C.+,H*+,04    =    2CO,    +C.    Hto+I. 

In  this  maner  methane  (marsh  gas)  is  obtained  by  heating  potassium  acetate 
with  excess  of  potassium  hydrate  (p.  169) : 

C,H8OtK        +        OHK        =        CO.K,        +         CH, 
Potassium  Potassium  Potassium  Methane, 

acetate.  hydrate.  carbonate. 

Also,  sextane  and  octane,  by  similar  treatment  of  the  potassium  salts  of 
suberic  acid,  CgH^O^  and  sebacic  acid,  C^Hj/V 

CiH^K,  +        20HK        =        2COtK,        +        C,HH 
Potassium  Sextane. 

suberate. 

C^H^K,  +        20HK        a.        2CO,Ks        +        Cfim 
Potassium  Octane. 

sebate. 

Generally  speaking,  however,  a  further  decomposition  takes  place,  result- 
ing  in  the  formation  of  hydrocarbons  containing  a  smaller  proportion  of 
hydrogen  than  the  paraffins. 

6.  The  paraffins  may  also  be  produced  from  the  defines,  CaHKby 
combining  the  latter  with  bromine,  and  heating  the  resulting  compound, 
C,  HteBrr  with  a  mixture  of  potassium  iodide,  water,  and  metallic  copper. 
The  bromine-compound  is  then  decomposed,  and  the  hydrocarbon,  C.  H*, 
is  partly  reproduced  in  the  free  state,  partly  converted,  by  the  addition  of 
hydrogen,  into  a  paraffin,  Cm  Hi,+r 

6.  Several  of  the  paraffins  are  produced  by  the  dry  or  destructive  dis- 
tillation of  buty rates  and  acetates. 

7.  They  are  also  found  amongst  the  products  of  the  dry  distillation  of  coal, 
especially  Boghead  and  Cannel  coal,  and,  as  already  observed,  they  consti- 
tute the  principal  portion  of  many  mineral  oils,  formed  by  the  gradual 
decay  or  decomposition  of  vegetable  matter  beneath  the  earth's  surface. 

8.  Quintyl  alcohol,  or  amyl  alcohol,  CftH.,0,  distilled  with  sine  chloride, 
yields  quintane,  C6Hlr  and  several  of  its  homologues,  together  with 
defines  and  other  hydrocarbons  containing  still  smaller  proportions  of  hy- 
drogen. 

0.  Methane,  or  marsh  gas,  CH4,  the  first  term  of  the  series,  is  produced 
synthetically  by  passing  a  mixture  of  hydrogen  sulphide  and  vapor  of 
enrbon  bisulphide  over  red-hot  copper.  The  copper  abstracts  the  sulphur 
from  both  compounds,  and  the  carbon  and  hydrogen  thus  liberated  unite  to 
form  marsh  gas : — 

CS,    +    2HJ8    +    Cu4    «    4CuS    +    CH4. 

Properties  and  Reactions  of  the  Paraffins. — The  properties  of  methane  hare 
been  already  described  (p.  169).  Of  the  other  paraffins,  ethane,  propane, 
and  quartane  are  gaseous  at  ordinary  temperatures ;  most  of  the  others 
are  liquids  regularly  increasing  in  specific  gravity,  viscidity,  boiling  point, 
and  vapor  density,  as  their  molecular  weight  becomes  greater :  those  con- 
taining 20  carbon  atoms  or  more  are  crystalline  solids.  The  following 
table  exhibits  the  specific  gravities  and  boiling  points  of  the  paraffins  ob- 
tained from  American  petroleum :  f — 

*  By  sntatitiition  of  »+l  for  it.  the  formula  C«  Ht»03  become*  0  -rjHta-fjOb*  and  by  sub- 
stitution of  n+2  for  n,  the  formula  C«  lisn.^04  in  converted  into  C    +sHsn  +  Jl)* 
f  Pelotue  and  Cahonrs,  Ann.  Ch.  Pharm.  exxiv.  '289;  cxxtM.  196;  exxix.  87. 
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Jormola. 

Boiling  point. 

Specific  gravity 

Kama. 

of  liquid. 

of  vapor  hy- 
drogen =  1. 

Ethane 

C.EU 

Gaaeoiu  at  ordinary 
temperature*. 

- 

16 

Propane 

O.H. 

M 

— 

22 

Qnartane 

C4H,o 

a  little  above  0° 

0-60  at   0°  G. 

82°  F. 

29 

Quintan* 

cjntt 

30°  C.              86°  F. 

0*628  "  17° " 

63°** 

36 

Sextane 

<H„ 

ego  «              1540  « 

0-660  "  16°  " 

61°" 

43 

Septan* 

C|HM 

93-44°   "     198— 201°  M 

0*699  "  15°  " 

69°" 

60 

Octane 

&*„ 

116—118°  "     8*1—246°  " 

0-728  "  15°  " 

69°" 

67 

Nonane 

& 

136—138°  "     277—280°  " 

0-741  "  15°  " 

60°" 

64 

Decane 

160—162°  «     320-324°  « 

0-757  "  16°  " 

59°" 

71 

Uodecane 

*ft 

180—184°  -     866-363°  « 

0-766  "  16°  " 

61°" 

78 

Doodec&ne 

196—200°  "     884-392°  " 

0-776  "  20°  " 

68°" 

86 

Tridecane 

C»H» 

216—218°  «     421—424°  « 

0-792  "  20°  " 

68°" 

92 

Qnatuordecane 

Cn"» 

236—240°  "      466—464°  " 

— 

99 

Qaindecane 

CttH» 

266—260°  "     491—600°  « 

~~ 

106 

American  petroleum  likewise  yields  a  quantity  of  liquid  boiling  above 
800°  C.  (572°  F.),  and  doubtless  containing  paraffins  of  still  higher  order. 
Some  specimens  of  the  crude  oil,  as  it  issues  from  the  ground,  contain 
ethane,  C,He,  and  propane,  CsHr  which  are  given  off  from  it  as  gas  at  or- 
dinary temperatures.  In  boring  for  the  oil  also,  large  quantities  of  gas 
escape,  exhibiting  the  characters  of  methane ;  hence  it  is  probable  that  in 
the  great  geological  changes  which  have  given  rise  to  the  separation  of 
the  petroleum,  the  whole  series  of  paraffins  have  been  formed  from  marsh 
gas  upwards. 

Solid  paraffin  is  a  colorless  crystalline  fatty  substance,  probably  consist- 
ing of  a  mixture  of  several  of  the  higher  members  of  the  series  CBH„+r 
It  is  found  native  in  the  coal-measures,  and  other  bituminous  strata,  con- 
stituting the  minerals  known  as  fossil  wax,  ozocerite,  katchettin,  &c.  It  exists 
also  in  the  state  of  solution  in  many  kinds  of  petroleum,  and  may  be  sepa- 
rated by  distilling  off  the  more  volatile  portions,  and  exposing  the  remain- 
der to  a  low  temperature.  In  a  similar  manner  also  may  solid  paraffin  be 
obtained  from  the  tar  of  wood,  coal,  and  bituminous  shale.  It  was  first 
prepared  by  Reichenbach  from  wood-tar.  It  is  tasteless  and  inodorous, 
insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether,  and  miscible 
in  all  proportions,  when  melted,  with  fixed  or  volatile  oils.  It  burns  with 
a  very  bright  flame,  and  those  varieties  of  it  which  melt  at  temperatures 
above  45°  C.  (113°  F.)  are  very  hard,  and  well  adapted  for  making  candles. 
Paraffin  is  largely  used  also  as  a  substitute  for  sulphur  for  dipping  matches; 
and  Dr.  Stenhouse  has  patented  its  application  to  woollen  cloths,  to  increase 
their  strength  and  make  them  waterproof.  More  extensive,  however,  are 
the  uses  of  the  liquid  compounds  of  the  paraffin  series,  known  in  commerce 
as  paraffin  oil,  photogene,  solar  oil,  eupione,  &c.  These  oils  are  largely  used 
for  burning  in  lamps ;  and,  when  mixed  with  fatty  oils,  such  as  rape  and 
cotton-seed  oils,  form  excellent  materials  for  lubricating  machinery.  For 
the  former  purpose  they  are  exceedingly  well  adapted,  as,  with  a  proper 
supply  of  air,  they  give  a  much  brighter  light  than  that  obtained  from 
fatty  oils  containing  oxygen,  and  are  much  cleaner  in  use. 

It  is  necessary  to  observe,  however,  that  natural  petroleum  and  the  oils 
obtained  by  the  dry  distillation  of  coal,  &c,  at  low  temperatures,  are  mix- 
tures of  a  great  number  of  paraffins  differing  greatly  in  volatility,  and  that 
to  render  them  safe  for  burning  in  lamps  of  ordinary  construction,  they 
must  be  freed  by  distillation  from  the  more  volatile  members  of  the  series; 
•taerwise  they  will  take  fire  too  easily,  and,  when  they  become  heated,  will 


478  HYDROCARBONS. 

give  off  highly  inflammable  vapors,  which,  mixing  with  the  air  in  the  body 
of  the  lamp,  may  easily  produce  dangerously  explosive  mixtures;  serious 
accidents  have  indeed  arisen  from  this  cause.  It  has  been  found  by  expe- 
rience that  it  is  not  safe  to  use  a  paraffin  oil  which  will  take  fire  on  the 
application  of  a  match  and  burn  continuously,  at  a  temperature  below  88° 
C.  (100°  F.). 

Substitution-products  of  the  Paraffin*. — Paraffins  subjected  to  the  action  of 
bromine  or  chlorine,  give  up  a  part,  or  in  some  cases  the  whole  of  their  hy- 
drogen in  exchange  for  the  halogen  element.  Thus  equal  volumes  of 
chlorine  and  methane,  CH4,  exposed  to  diffused  daylight,  yield  the  com- 
pound CHsCl,  called  chloromethane  or  methyl  chloride :  and,  by  further 
subjecting  this  product  to  the  action  of  an  excess  of  chlorine  in  direct  sun- 
shine, it  may  be  successively  converted  into  the  more  highly  chlorinated 
oompounds  CH,Clr  CHOI,,  and  CCl4.  Ethane,  C,H6,  also  yields,  by  a  series 
of  processes  to  be  hereafter  described,  the  substitution-products  QJIXX, 
CJAflp  CjHjCL,  CjHjCl*  C.HClg,  and  CjCl,;  and  similarly  for  the  other 
compounds  of  the  series.  These  bodies,  which  may  be  regarded  as  com- 
pounds of  chlorine  and  other  halogen  elements  with  the  radicals  (CHg)', 
?CH,)",  (CH)"',  &c,  are  called  haloid  ether* ;  the  more  important  of  them 
will  be  specially  described  in  connection  with  the  corresponding  alcohols. 
When  treated  with  water  or  aqueous  alkalies,  they  exchange  the  haloid 
element  for  an  equivalent  quantity  of  hydroxy^  (HO),  thereby  producing 
alcohols  (p.  468) ;  and,  on  the  other  hand,  they  may  be  formed  from  the 
alcohols  by  the  action  of  the  chlorides,  bromides,  and  iodides  of  hydrogen 
or  phosphorus. 

Nitric  acid  attacks  the  higher  members  of  the  paraffin  series,  forming 
nitrocompounds ;  octane,  C8H18,  thus  treated,  yields  the  compound,  C^Kn 
(NO,).  The  lower  paraffins,  on  the  other  hand,  are  not  affected  in  the 
slightest  degree  by  nitric  acid;  but  by  indirect  means  compounds  may  be 
formed,  having  the  composition  of  paraffins,  in  which  the  hydrogen  is 
more  or  less  replaced  by  nitryl ;  for  example,  truutromelhane  or  mfroibrm, 
CH(NO,)s. 

Isomerism  in  the  Paraffin  eerie*,  — It  has  already  been  mentioned  that  these 
hydrocarbons  are  sometimes  regarded  as  hydrates  of  the  univalent  alcohol 
radicals  0.11*+,,  —  methane,  for  example,  as  methylhydride,  H  .  CHr 
ethane  as  ethyl  hydride,  H  .  C.H5.  This  view  of  their  constitution  is  sug- 
gested by  their  formation  by  tne  action  of  water  on  the  sine  compounds  of 
the  same  radicals ;  e.  g. : 

Zn(CH8),     +      20Ht     =     ZnH.O,     +      2(H.CHf); 
Zinc  methyL  Water.       Zinc  hydrate.      Methyl  hydride. 

and  by  the  facility  with  which  they  give  up  one  atom  of  hydrogen  in  ex- 
change for  chlorine  and  bromine,  whereas  the  replacement  of  the  remain- 
ing hydrogen-atoms  is  much  more  difficult.  On  the  other  hand,  all  these 
hydrocarbons,  except  methane,  may  be  regarded  as  compounds  of  two 
equivalents  or  half-molecules  of  alcohol  radicals  C»H„+t,  thus : 

C,H6  =  H.C,H,  or  CH..CH* 

Ethane.  Ethyl  hydride.  Dimethyl. 

C^H,  =  H.C,HT  or  CH8.C,Hr 

Propane.  Propyl  hydride.  Methyl-ethyl. 

C4Hl0     =     H.C4H,     or     C.Hg.C.H,     or     CHj.C.H^ 
Quartane.  Quartyl  Diethyl.  Methyl- 

hydride  propyl. 

This  latter  view  appears  to  accord  with  their  formation  by  the  action  of 
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lino  on  the  iodides  of  the  alcohol  radicals,  which  is  similar  to  thai  of  hydro* 
gen  by  the  action  of  sine  on  hydriodio  acid ;  thus : 

Zn         +         2HI         =         Znlf         -f         HH, 

Hydrogen  Zinc  iodide.  Hydrogen, 

iodide. 

Zn         +         2C.H.T        =s         Znlt         +         C.H^C.H, 
Ethyl  iodide.  Diethyl. 

Zn      +      CH,I      -f      C,H5I     =     Znl,     +     CHt.C,Hp 
Methyl  Ethyl  Methyl- 

iodide,  iodide.  ethyl. 

The  first  three  hydrocarbons  of  the  series,  however,  vis.,  CH4,  C,H,,  C8H8, 
exhibit  exactly  the  same  physical  and  chemical  properties  in  whatever  way 
they  may  be  prepared;  and  indeed  the  constitutional  formulas  of  these 
bodies,  viz. 

CH8 
CH8  I 

CH4  [  CH, 


iH-       u 


show  that  they  are  not  susceptible  of  isomeric  modification,  inasmuch  as 
there  is  but  one  way  in  which  the  carbon-atoms  in  either  of  them  can  be 
grouped :  in  ethane  each  carbon-atom  is  directly  combined  with  three  hy- 
drogen-atoms and  the  other  carbon-atom ;  and  whether  we  regard  it  as 
CH, 

ethyl  hydride,  H — CHr  or  as  dimethyl,  H8C — CH*  this  arrangement  re- 
mains the  same.  In  propane,  CSH,,  each  carbon-atom  is  directly  oombined 
with  at  most  two  other  carbon-atoms,  and  there  is  no  other  way  in  which 
the  atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  the  4-carbon  paraffin,  C4HI0,  we  see  that 
it  may  be  written  in  either  of  the  following  forms : 

CH8  HgC    CH, 

u  v 

I  CH 

CH,  I 

I*  ** 

in  the  first  of  which,  neither  of  the  carbon-atoms  is  directly  united  with 
more  than  two  others,  whereas  in  the  third,  one  of.  the  carbon-atoms  is 
directly  combined  with  three  others.  The  first  may  be  represented,  either 
u  propyl-metkane,  cjCHjCH^CH,  =  C|CH2C1H6  =  c{£»Hi,  or  as  <te- 
%*»  HftCt .  CjHj,  according  to  the  manner  in  which  we  may  suppose  it  to 
be  divided ;  the  second  as  trinuthyl  methane,  C  j '  tj  *\  or  isopropyl  methane, 

C  J  jl  ' CHs)«>  the  radical  CH^H,),  being  oalled  ieopropyl,  to  distinguish 

it  from  normal  propyl,  CHS(CSHS). 

From  recent  observations  *  it  appears  that  all  hydrocarbons  of  known 
structure  may  be  divided  into  four  groups,  viz. :  1.  Those  in  which  each 
carbon-atom  is  directly  associated  with  at  most  two  other  carbon-atoms. 
2.  Those  in  which  one  oarbon-atom  is  associated  with  three  carbon-atoms, 

•  Schof lemmer,  Proceedings  of  the  Royal  Society,  xvl,  34, 867, 
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or  which  contain  the  group  isopropy  1  onee.  8.  Those  which  oontaln  this  group 

twice,  such  as  di-isopropyl,  or  tetramethyl-ethane,  CfHM  =  ^i{ii/ru*N 

produced  by  the  action  of  fine  on  isopropyl  iodide ;  this  compound  may  be 
represented  by  the  constitutional  formula : 

^>c  —  c  —  c<C 

H8C-^^  ^CHr 

4.  Those  in  which  one  carbon-atom  is  associated  with  four  others,  as  in 
dimethyl-diethyl-methane,  or  carbdimethyl-diethyl,  CJ  >~  j?'*  a  compound 
produced  by  the  action  of  sine-ethyl,  Zn(CsHs)v  on  dimethyl-dichlorome- 
thane,  C  {  >«  *\  the  transformation  being  effected  by  the  substitution  of 
2  atoms  of  ethyl  for  2  atoms  of  chlorine : 


Dimethyl-dichloro-methane. 
CI 


HgC— C— CI 


Dimethyl-diethyl-methane. 
CH. 


[8C-i— CHt 
CH, 


;h. 


The  paraffins  of  each  of  these  groups  exhibit  a  regular  increase  in  boil- 
ing point  as  they  ascend  in  the  series  by  successive  addition  of  CHr  and 
the  boiling  point  of  a  paraffin  containing  a  given  number  of  carbon-atoms, 
is  found  to  be  lower  in  proportion  as  its  structure  is  more  complex.  In 
the  first  and  second  groups  the  difference  of  boiling  point,  for  each  incre- 
ment of  CH„  is  about  81°  C.  (66°  F.)f  whereas  in  the  third  it  is  only  25° 
C.  (45°  F.). 


SlCOND  SlBIXS,  CnHjr — OlXPINIS. 

The  hydrocarbons  of  this  series  are  polymeric,  as  well  as  homologous 
with  one  another,  inasmuch  as  their  formulas  are  all  exact  multiples  of 
that  of  the  lowest  CHr  The  lower  members  of  the  series  are  gaseous  at 
ordinary  temperatures,  the  higher  members  are  solid,  and  the  intermediate 
compounds  liquid.  The  names  and  formulas  of  the  known  members  of 
the  define  series  are  given  in  the  following  table,  together  with  their 
melting  and  boiling  points: 


Name. 

Yonnnl*. 

Melting  point. 

Boiling  point. 

Ethene            or 

Ethylene 

&H« 

Propene            •* 

l*ropylene 

&?■• 

— 

—17-8°     C.      14°        F. 

QitKrtene          ** 

Butyleno 

C4H, 

— 

+3°         «       87-4        « 

Quinine           u 

Amylene 

C.Hio 

_ 

36°         ■       86           * 

Sextette              u 

Hexylene 

C,HU 

— 

68-70°  -     154-168   - 

Scptene             M 

Hcptylene 

eTiiM 

— _ 

96°         •     203°         « 

Octene               ** 

Octylene 

OsIIm 

_ 

115-117° «     239-242°  " 

Nouene              " 

Nonylone 

C.HU 

— 

140°         -     284°         - 

Decene               " 

Paraniylene 

Cio»'» 

— 

160°         «     820°         « 

flexdeoene         u 

Cetcne 

CuHu 

— 

275°         -     627°         ■ 

Septivigintine  u 

Cerotcne 

£"U* 

67°  0.    136©  P. 

876°  (?)   «     7(0T°  (?)  - 

Triginteoe        u 

Melene 

CoH« 

62°  «     144°  « 
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Methene,  CHr  the  lowest  term  of  the  series,  does  not  appear  to  be  ca- 
pable of  existing  in  the  separate  state;  but  it*  oxygen  analogue,  carbon 
monoxide  or  car  bony  1,  CO,  is  a  well-known  compound,  which  has  been  al- 
ready described  (p.  168). 

Formation  of  the  Olefin**.  —  1.  By  abstraction  of  the  elements  of  water 
from  the  alcohols  of  the  series  CnH^  +,0,  homologous  with  common  alcohol, 
under  the  influence  of  powerful  dehydrating  agents,  such  as  oil  of  vitriol, 
phosphoric  oxide,  or  sine  chloride;  thus: 

0,11,0      —      OH,      =      C,H4 
Ethyl  alcohol.       Water.  Ethene. 

The  preparation  of  ethene,  or  defiant  gas,  by  heating  common  alcohol 
with  oil  of  vitriol,  has  been  already  described  (p.  169).  Quintyl,  or  amyl 
alcohol,  CsH„0,  distilled  with  sine  chloride,  yields  —  besides  the  corre- 
sponding define,  quintene  or  amylene,  CSH)0 — a  number  of  others  poly- 
meric with  it;  besides  quintane,  05H|r  and  its  homologues,  and  hydrocar- 
bons containing  a  smaller  proportion  of  hydrogens  than  the  defines. 

2.  By  passing  the  vapors  of  the  haloid  compounds  of  the  monad  radicals, 
C.H^  +„  over  lime  at  a  dull  red  heat;  e. g, ; 

2C6HnCl    +    CaO    =    CaCl,    +    OH,    +    2C5HJ0 
Quintyl  Lime.        Calcium        Water.       Quintene. 

chloride.  chloride. 

8.  By  the  decomposition  of  the  paraffins  at  the  moment  of  their  forma- 
tion by  the  action  of  sine  or  sodium  on  the  alcoholic  iodides  of  the  monad 
alcohol-radicals  C.H^+,  (see  p.  475). 

4.  By  the  action  of  these  same  iodides  on  the  sodium  compounds  of  the 
same  radicals;  for  example: 

C,H§1      +      C,H,Na      =      Nal      +      C,H4      +      C.H., 
Ethyl  Sodium  Sodium  Ethene.  Ethane, 

iodide.  ethyl.  iodide. 

5.  By  decomposition  of  the  hydrates  of  ammonium  bases  containing  four 
atoms  of  a  monad  alcohol-radical  (p.  471),  these  compounds  when  heated 
splitting  up  into  a  tertiary  monamine  (p.  470)  and  an  define ;  thus : 

N(C,H,)4(HO)    =    N(C,H5),     +     OH,     +    C,H4 
Tetrethylammo-  Tn  ethyl-  Water.        Ethene. 

nium  hydrate.  ammine. 

6.  defines  are  formed  by  the  decomposition  of  acetates  and  butyrates 
at  a  red  heat,  distilling  over  together  with  several  other  products,  from 
which  they  are  separated  by  combining  them  with  bromine,  and  heating 
the  resulting  bromine-compounds,  C,Hj*Brr  to  276°  C.  (627°  F.),  with  cop- 
per, water,  and  potassium  iodide.  In  this  manner  Berthelot  has  obtained 
ethene,  pro  pen  e,  quartene,  and  quintene. 

7.  Several  of  the  olefines  may  be  produoed  by  direct  synthesis  from  other 
hydrocarbons  of  simpler  constitution. 

•.  Ethene  is  formed  by  the  action  of  nascent  hydrogen  upon  ethine  or 
acetylene  (p.  484) : 

C  JIa    +    H,    =  „cjH4 
Ethine.  Ethene. 

$.  Propene,  CSHC,  is  formed  by  passing  a  mixture  of  methane  and  carbon 
monoxide  (oxymethene)  through  a  red-hot  tube : 

2CH4        +        CO        =        OH,        +        C,H,. 

Also  by  the  action  of  methenyl  chloride  (chloroform)  on  zino  ethide : 
41 
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2CHC1,        +  8Zn(C,H§),  =  8ZnCl,  +  4C8H6  +  2CHr 

y.  Quintene,  or  amylene,  C5HI0.  or  a  compound  isomeric  with  it,  is  formed 
by  the  action  of  sine  ethide  on  propenyl  (allyl)  iodide : 

2C8H8I        +     Zn(C,H§),  =  Znlk  +    20^ 

J.  Sextene,  or  hexylene,  CfHIr  is  obtained  in  combination  with  hydriodie 
acid  by  the  action  of  that  acid  on  mannite,  which  is  a  sugar  haying  the 
composition  of  a  hezatomic  alcohol : 

C^HO^  +  11HI  =  GOH,  +  51,  +  CH,, .  HI; 

Mannite.  Sextene 

hydriodide. 
and  this  hydriodide,  heated  with  potassium  hydrate,  yields  the  hydro- 
carbon: 

C6H„.HI  +        OKH      =    KI        -f     OHj  +  CeH,, 

c.  Quartene,  or  butylene,  C4H8,  is  obtained  by  precisely  similar  reactions 
from  erythrite,  which  is  also  a  saccharine  substance  having  the  composition 
of  a  tetratomic  alcohol,  C4H8(HC)4. 

Reactions. — 1.  The  defines  are  dyad  radicals,  uniting  with  2  atoms  of 
chlorine,  bromine,  &c,  and  with  one  atom  of  oxygen. 

2.  The  chlorides,  bromides,  and  other  haloid  compounds  of  the  defines, 
treated  with  an  alcoholic  solution  of  potash,  give  up  one  atom  of  hydrogen 
and  one  atom  of  the  haloid  element,  yielding  an  define  in  which  one  atom 
of  hydrogen  is  replaced  by  chlorine,  bromine,  &c,  together  with  water 
and  a  haloid  salt  of  potassium ;  thus : 

C,H4Br,  +  OKH  =  KBr  +  OH,  +  C,H,Br. 
Ethene  bromide.  Bromethene. 

The  resulting  chlorinated,  brominated,  or  iodated  compound  can,  fc  its 
turn,  take  up  2  atoms  of  chlorine,  bromine,  or  iodine,  forming  a  body  which 
can  likewise  give  up  hydrochloric,  hydrobromic,  or  hydriodie  acid,  under 
the  influence  of  alcoholic  potash  ;  the  body  thus  formed  can  again  take  up 
2  atoms  of  chlorine,  bromine,  or  iodine ;  then  give  up  HCl,  HBr,  or  HI ; 
and  thus,  by  a  series  of  perfectly  similar  reactions,  we  at  length  arrive  at 
bodies  consisting  of  the  primitive  define  with  ail  its  hydrogen  replaced  by 
chlorine,  bromine,  or  iodine,  and  the  dichlorides,  dibromides,  and  di-iodides 
of  these  last-mentioned  bodies :  thus,  from  ethene  may  be  derived  the  two 
following  series  of  brominated  compounds : — 


Ethene  ....  C2H4 
Bromethene    •     .  C,H8Br 
Dibromethene      .  C,H,Br, 
Tribromothene     .  C,HBr, 
Tetrabromethene   C,Br4 


Ethene  bromide    ....  C,H4Br, 
Bromethene  bromide      .^  .  C,H,Br  .  Br, 
Dibromethene  bromide  .     .  C,H,Br,  .  Br, 
Tribromethene  bromide      .  C,HBr8  .  Br, 
Tetrabromethene  bromide  .  C,Br4      .  Br, 

These  compounds  will  be  more  particularly  described  in  connection  with 
the  corresponding  alcohols. 

8.  A  monochlorinated  or  monobrominated  define  may  give  up  the  atom 
of  chlorine  or  bromine  which  it  contains,  in  the  form  of  hydrochloric  or 
hydrobromic  acid,  whereby  it  is  reduced  to  a  hydrocarbon  of  the  following 
series,  C.H*^.  This  reaction  may  take  place  at  180°— 150°  C.  (266°— 
802  F.),  under  the  influence  of  alcoholic  potash,  or,  better,  of  sodium  ethyl- 
ate  (obtained  by  dissolving  sodium  in  anhydrous  alcohol);  thus: 

C,HaBr  -f  C.H.NaO  =  NaBr  +  CJJ.(HO)  +  C.Hr 
Bromethene.     Sodium       Sodium        Ethyl         Ethine. 
ethylate.     bromide,     alcohol. 
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4.  Ethene  bromide  and  its  homologues,  treated  with  silver  acetate  or 
potassium  acetate,  exchange  their  bromine  for  an  equivalent  quantity  of 
the  halogenic  residue  of  the  acetate,  C,HsO,  (p.  472),  giving  rise  to  di- 
atomic acetic  ethers ;  thus : 

(C,H4)"Br,  +  2C.H.O.K  =  2KBr  +  ((W'fC.H.O,),; 
Ethene  Potassium  Potassium  Ethene 

bromide.  acetate,     bromide.  diacetate. 

and  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic  alcohols  or 
glycols;  for  example: 

(C.HJ'OC.H.O,),  +  20HK  =  2C  flfifi  +  (C,H4V'(OH)r 

Ethene  Potassium  Ethene 

diacetate.  acetate.  alcohoL 

6.  The  bromides,  C,HteBrp  heated  to  275°  C.  (527°  F.)  with  a  mixture  of 
potassium  iodide,  copper,  and  water,  give  up  their  bromine  and  reproduce 
the  original  olefine,  together  with  other  hydrocarbons  (p.  476). 

6.  Some  defines,  when  briskly  shaken  up  with  strong  snlphuric  acid, 
unite  with  it,  forming  acid  ethers  of  sulphuric  acid,  which  contain  the 
monatomic  alcoholic  radicals  corresponding  to  the  defines ;  thus : 

C,H4        +        S04H,        =        S04  .  C,H5 .  H ; 
Ethene.  Sulphuric  acid.      Ethyl-sulphuric  acid. 

and  these  acid  ethers  distilled  with  water  reproduce  sulphuric  acid,  and 
the  monatomic  alcohol  corresponding  to  the  olefine  : 

804.C,HfH  +        H(OH)     =    S04H,        +        C,H5(OII). 

Ethyl-sulphuric  acid.  Water.  Ethyl  alcohol. 

With  fuming  sulphuric  acid  (which  contains  sulphuric  oxide  in  solution) 
the  defines  yield  sulpho- acids  which  are  isomeric  with  the  preceding,  but 
are  not  decomposed  by  water,  with  formation  of  an  alcohol. 

7.  defines  unite  with  hydrochloric,  hydrobromio,  and  hydriodic  acids; 
and  the  resulting*  compounds  treated  with  silver  oxide  in  presence  of  water, 
give  rise  to  two  different  reactions  which  go  on  simultaneously,  one  part 
of  the  compound  exchanging  its  halogen  element  for  hydroxyl,  and  thereby 
producing  an  alcohol,  while  another  portion  gives  up  hydrochloric,  hy- 
drobromic,  or  hydriodic  acid,  reproducing  the  original  olefine: 

2(aHB.HI)     +  OAg,    +    OH,    =    2AgI    +    2C6HM0 

Hexylene  Hexyl 

hydriodide.  alcohol. 

2(C6Hf.HI)      +  OAg,    =    2AgI    +    OH,.     +      2CtH6. 

Hexylene  hydriodide.  Hexylene. 

The  greater  number  of  the  defines  are  not  of  sufficient  importance  to 
require  special  description  in  this  work.  Ethene  has  been  already  de- 
scribed (p.  170).  Quintene,  or  amylene,  and  a  few  others  will  be  noticed 
in  connection  with  the  corresponding  alcohols. 

Isomerism  in  the  Olefine  series. — From  theoretical  considerations,  it  might 
be  expected  that  each  member  of  the  olefine  series  would  exist  in  two 
isomeric  modifications,  the  one  being  a  dyad  radical,  and  the  other  a  satu- 
rated hydrocarbon ;  the  compound  CSH4,  for  example,  might  exhibit  the  two 
modifications  represented  below : 

— CH,  CH, 

— CH?  CH, 

Dyadic.  Saturated. 
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Bui  the  dyadic  members  of  the  series  are  the  only  ones  actually  known. 
These,  however,  exhibit  in  some  of  their  compounds  a  different  kind  of 
isomerism,  which  does  not  affect  their  equivalent  value. 

«.  The  dichlorides  of  the  defines  are  isomeric  with  the  monochlorinated 
chlorides  of  the  monad  alcohol  radicals,  C.H^-j.,;  for  example: 

CH,CI)  f  CH, 

I  v  is  isomeric  with     -!   | 

CH,ClJ  ICHCl, 

Ethene  Monochlorinated 

dichloride.  ethyl  chloride. 

Both  these  compounds,  when  treated  with  alcoholic  potash,  yield  the  same 
product,  namely,  vinyl  chloride,  C,H-C1 ;  but  they  differ  in  boiling  point, 
the  first  boiling  at  86°  C.  (185°  F.),  the  second  at  64°  C.  (147°  F.) 

0.  The  oxides  of  the  defines  are  isomeric  with  the  corresponding  alde- 
hydes, and  with  the  alcohols  of  the  series  C.  H*_,OH 

^>t00*  CH,  CH)  CHj 

^^  CH,  COH  CHOH 

Ethene  oxide.       Acetic  aldehyde.    Vinyl  alcohol 

The  dyad  radical,  called  ethidene,  or  ethylidme,  which  may  be  supposed  to 
exist  in  aldehyde  and  in  monochlorinated  ethyl  chloride,  has  not  been  iso- 
lated :  it  probably  differs  from  ethene  in  the  manner  shown  by  the  follow- 
ing formula: 

— CH,  CHg 

— CH-  CH 

K 
Ethene.  Ethidene. 

Similar  instances  of  isomerism  are  observed  in  the  compounds  of  the 
other  members  of  the  olefine  series. 


Third  Sxrixs,  C«Hte_r 
Of  these  hydrocarbons  five  only  have  as  yet  been  prepared,  vis. : 

Ethine    or  Acetylene,  C,H, 

Propine  "  Allylene,  C,H4 

Quartine "  Crotonylene,  C4He 

Quintine  "  Valerylene,  C6HS 

Sextine    "  Diallyl,  CeHI(r 

The  only  general  method  of  preparing  these  bodies  consists  in  heating 
the  monobrominated  derivatives  of  the  defines,  C»Hto_,Br,  with  sodium 
ethylate  to  180°-160°  C.  (266°-802°  F.) : 

CH^Br    +    C^sNaO    =    NaBr    +    C,H5(HO)    +    C.H^ 
Sodium  Ethyl  alcohol, 

ethylate. 

Ethine  and  propine,  which  are  gaseous  at  ordinary  temperatures,  are  sepa- 
rated from  the  alcohol  vapor  with  which  they  are  mixed,  by  passing  the 
gas  into  an  ammoniacal  solution  of  cuprous  chloride,  whereby  an  explore 
compound    is    precipitated,   containing  copper,   oarbon,   hydrogen,  and 
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oxygen;  and  this  precipitate,  treated  with  hydrochloric  acid,  yields  the 
hydrocarbon  in  the  pure  state. 

The  other  hydrocarbons  of  the  series,  which  are  liquid,  do  not  form  any 
precipitate  with  ammoniacal  cupfous  chloride;  but  they  may  be  separated 
from  excess  of  alcohol  by  addition  of  water,  and  further  purified  by  dis- 
tillation. 

The  hydrocarbons  of  this  series  should  exhibit  three  isomeric  modifica- 
tions: saturated,  dyadic,  and  tetradic,  according  to  the  manner  in  which  the 
carbon  atoms  are  united ;  thus,  for  the  compound  C3HS : 


-U 


C— H  — C— H 

-H  — C— H 


U  -i-r  L 


Saturated.  Dyadic.  Tetradio. 

The  actually  known  compounds  are,  however,  all  tetradic,  being  capable 
of  uniting  with  four  atoms  of  chlorine,  bromine,  and  other  monad  elements, 
though  they  can  also  form  half-saturated  compounds  containing  only  2 
atoms  of  a  monad  element. 

When  agitated  with  hydrobromic  or  hydriodio  acid,  they  take  up  one  or 
two  molecules  of  these  acids.  The  dihydrobromidcH  and  dihydriodides 
thus  produced  have  the  same  composition  as  the  dibrominatod  derivatives 
of  the  olefine  series;  thus: 

C»H*_,.2HBr     =     C.HJBrr 

The  two  classes  of  bodies  are,  however,  isomeric,  not  identical. 

Ethine,  or  Acetylene,  CsHr — This  hydrocarbon  is  one  of  the  constituents 
of  coal  gns.  It  is  produced : — 1.  By  synthesis  from  its  elements.  When 
an  electric  arc  from  a  powerful  voltaic  battery  passes  between  carbon  poles 
in  an  atmosphere  of  hydrogen,  the  carbon  and  hydrogen  unite  in  the  pro- 
portion to  form  ethine. 

2.  By  the  action  of  heat  upon  ethene,  or  the  vapor  of  alcohol,  ether,  or 
wood-spirit,  or  by  passing  induction-sparks  through  marsh-gas. 

3.  By  passing  the  vapor  of  chloroform  over  ignited  copper: 

2CHC1,    -|-    Cu6    =     8CU.C1,    +     C,Hr 

4.  By  the  incomplete  combustion  of  bodies  containing  carbon  and  hy- 
drogen :  for  example : 

4CH4    +  Ot    =    60H,    +    2C,H, 

Methane.  Ethine. 

2C,H4    +  0,    =    20H,    +    2C?H, 

Ethene.  Ethine. 

5.  By  passing  a  mixture  of  marsh-gas  and  carbon  monoxide  through  a 
red-hot  tube : 

CH4    +    CO     =     OH,    +    C,Hr 

6.  By  the  action  of  alcohol  potash  on  monobromethene : 

C,HsBr    +    OHK    =     KBr    +    OH,    +     C,Hr 

The  crude  ethine  obtained  by  either  of  these  processes  is  purified  in  the 
manner  above  mentioned. 

Ethine  is  a  colorless  gas  of  specific  gravity  0*92,  having  a  peculiar  and  un- 
pleasant odor,  moderately  soluble  in  water,  not  condensed  by  cold  or  pres- 
sure.   It  burns  with  a  very  bright  and  smoky  flame,  one  volume  of  the  gas 

41* 
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consuming  2}  volumes  of  oxygen  and  producing  2  volumes  of  carbon 
dioxide.  When  mixed  with  chlorine,  it  detonates  almost  instantly,  even  in 
diffused  daylight,  with  separation  of  carbon. 

Ethine  passed  into  an  ammoniacal  solution  of  cuprous  chloride  forms  a  red 
precipitate  consisting  of  cuproeo-vinyl  oxide,  C4Cu'4H,0,  or  (CtGu'fi)fi,  that 
is  to  say,  vinyl-oxide  (CsHs)tO,  having  four  of  its  hydrogen-atoms  re- 
placed by  four  atoms  of  apparently  univalent  copper.*  The  constitution 
of  this  compound  may  be  understood  from  the  following  formulas : 

H    H  H    H  H  H 

Vinyl  oxide.  Cuproso-vinyl  oxide. 

Its  formation  from  cuprous  chloride  and  ethine  is  represented  by  the  equa- 
tion: 

2Cu',Cl,    +    2CtH,    +    OH,    =    4HC1    +    C4Cu'4H,0. 

On  heating  it  with  hydrochloric  acid,  the  opposite  reaction  takes  place, 
cuprous  chloride  and  water  being  reproduced,  and  pure  ethine  evolved 
as  gas. 

When  this  copper  compound  is  heated  with  sine  and  dilute  ammonia,  the 
nascent  hydrogen  thereby  evolved  unites  with  the  elements  of  ethine,  pro- 
ducing ethene : 

C4Cu4H,0    +    2HX   =    Cu4    +    OH,    +    2C,H„ 
and  CfH,  +      H,    =    C,H4. 

Ethine,  briskly  agitated  with  strong  sulphuric  acid,  is  absorbed,  producing 
vinyl-sulphuric  acid,  C,H4S04: 

C,H,    +    S04H,    =    804(C,HB)H; 

and  this  acid,  distilled  with  water,  is  resolved  into  sulphuric  acid  and  vinyl 
alcohol : 

804(C.H.)H    +    OH,    =    S04Ht    +    C.H8(OH) 
Vinyl-sulphuric  Vinyl 

acid.  alcohol. 

Ethine  unites  with  bromine,  forming  a  dibromide,  C,HsBrr 

Bromethine,  or  Bromacetylene,  C-HBr,  is  produced  by  the  action  of  alcoholic 
potash  on  dibromethene  dibromide : 

C,H,Br,.Br,    =    HBr    +     Br,    -f    C,HBr. 

It  is  a  spontaneously  inflammable  gas,  which  liquefies  under  a  pressure 
of  three  atmospheres,  is  soluble  in  water,  and  very  soluble  in  dibromethene. 
It  unites  with  bromine,  forming  the  compound,  CsHBr .  Brr  and  when 
passed  into  an  ammoniacal  solution  of  cuprous  chloride,  yields  a  precipi- 
tate of  cuproso-vinyl  oxide. 

Propine,  or  Allylene,  C8H4. — This  compound  is  produced  by  the  action  of 
sodium  ethylate  on  bromopropene : 

C,H6Br    +    C,H.NaO    =    NaBr    +    <WHO)    +    C8H4 
Bromo-  Sodium  Ethyl  alcohol       Propine 

propene  ethylate 

•See  page  364. 
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its  formation  being  a  particular  case  of  the  general  reaction  given  on  page 
484.  It  is  a  colorlesB  gas,  having  an  unpleasant  odor,  burning  with  a 
smoky  flame,  and  forming,  with  mercurous  salts,  a  gray  precipitate  ;  with 
silver  salts,  a  white  precipitate ;  and  with  cuprous  chloride  a  yellow  pre- 
cipitate analogous  in  composition  to  that  formed  by  ethine.  With  bromine 
it  forms  the  compounds  CsH4Br,,  and  CsH4Br4. 

(tontine,  or  Crotonylene,  C4H6.  —  Produced  by  the  action  of  sodium  ethyl- 
ate  on  bromoquartene.  It  is  liquid  below  16°  C.  (511°  F.),  but  volatilizes 
very  quickly  if  not  cooled  by  ice.  It  has  a  very  strong,  somewhat  allia- 
ceous odor,  boils  at  about  18°  C.  (64°  F.),  and  distils  between  18°  and  24° 
C.  (75°  F.).  Bromine  dropped  into  this  liquid,  cooled  by  a  freezing  mixture, 
yields  dibromoquartint,  C4HfBry  a  liquid  heavier  than  water,  and  distilling, 
with  partial  decomposition,  between  148°  and  168°  C.  (298°-316°  F.). 
This  dibromide,  left  in  contact  for  some  days  with  excess  of  bromine,  is 
converted  into  the  tetrabromide,  C4HfBr4,  a  crystalline  solid,  isomeric  with 
dibromo-quartene  dibromide,  C^H^Br,.  Brr 

Qnintine,  or  Yalerylene,  C6Hr  is  obtained  by  heating  quint  en  e  bromide 
with  alcoholic  potash  (which  abstracts  hydrobromic  acid),  distilling  the 
liquid  separated  from  the  product  by  water,  and  collecting  that  which  passes 
over  between  44°  and  46°  C.  (111°-116°  F.) : 

C5Hl0Br,    —    2HBr    =    CfHr 

Qnintine  is  a  colorless,  very  mobile  liquid,  which  floats  on  water,  and  is 
nearly  insoluble  therein.  It  has  a  pungent  alliaceous  odor,  boils  at  44°  to 
46°,  and  has  a  vapor-density  of  2-356 ;  it  is  not  absorbed  by  ammoniacal 
cuprous  chloride. 

Qnintine  forms  two  series  of  compounds :  the  one  composed  of  incomplete 
bodies  still  capable  of  fixing  two  atoms  of  chlorine,  bromine,  or  other  monad 
element,  or  one  molecule  of  hydrobromic  or  hydrochloric  acid ;  the  other 
composed  of  saturated  bodies : 

Dyadic. Saturated. 

Tetrabromide         .     C5HBr4. 
Dibromo-hydro- 
bromide  .    C5H, .  HBr .  Br, 


Dihydrobromide  .  CBHf .  H,Br, 

Dihydrochloride  CBH,.H,C1, 

Diaoetate       .  .  C.H,  { ((yj Jj^ 

Dihydrate      .  .  CSH8{   (0^ 


Dibromide       .         .     C5HtBr, 
Monohydrobromide     CftH8.HBr 

Monohydrochloride      CSH8.  HC1 
Monohydriodide      .     C5H8 .  HI 

Monoacetate   .         .     C,II8{<* 

Monohydrate  .        .    C6H8j^jj 

The  bromides,  hydrobromides,  hydrochlorides,  and  hydriodides  are 
formed  by  direct  combination ;  the  acetates  by  heating  the  dihydrobromide 
in  sealed  tubes  with  silver  acetate  suspended  in  ether;  the  hydrates  by 
treating  the  corresponding  acetates  with  solid  potash.  These  compounds 
are  all  liquid  at  ordinary  temperatures.  The  dibromide,  treated  with  pot- 
ash in  alcoholic  solution,  is  converted,  by  abstraction  of  hydrobromic  acid, 
into  quintone,  or  valylene,  CSH§  (=  C5H8Br,—2HBr). 

Sextine,  or  Diallyl,  C^H^,  is  produced:  1.  By  decomposing  allyl  iodide, 
C|HtI,  with  an  alloy  of  tin  and  sodium.  2.  Together  with  many  other  pro- 
ducts by  heating  allyl  iodide  in  sealed  tubes  with  zinc  ethide.  It  is  a  liquid 
which  boils  at  58°  C.  (186°  F.),  and  forms  two  series  of  compounds,  one 
saturated,  the  other  dyadic,  analogous  to  those  of  quintine,  and  obtained  by 
similar  processes.* 

•  A.  Worts,  Ann.  Chim.  Phys.  [4],  ill.  129.— Jahresbericht  fllr  Cbemie,  1864,  p.  210. 
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Foueth  Series,  C.  H. 

The  known  hydrocarbons  of  this  series  are  quintone,  or  valylene,  CjH^ 
produced  by  abstraction  of  hydrogen  from  qu  in  tine,  C«H8;  and  certain 
volatile  oils  called  terpenee,  having  the  composition  C^H,^  and  existing 
ready-formed  in  plants.  The  former  is  sexvalent  and  quadrivalent ;  the 
latter  are  quadrivalent  and  bivalent. 

Quintona,  or  Valylene,  CjH,,  is  formed,  as  already  observed,  by  the  action 
of  alcoholic  potash  on  quintine  dibromide,  C.HBBrp  and  passes  over,  to- 
gether with  a  little  quintine,  between  46°  and  60°  C.  (113°-122°  F.).  It 
may  be  obtained  pure  by  treating  the  mixture  with  ammoniacal  cuprous 
chloride,  which  precipitates  the  quintone,  but  not  the  quintine;  and  on 
warming  the  precipitate  with  dilute  hydrochloric  acid,  the  quintine  passes 
over,  and  may  be  condensed  by  a  freezing  mixture.  It  is  a  light  liquid, 
boiling  at  about  60°  C.  (122°  F.)  With  bromine,  in  a  freezing  mixture,  it 
forms  a  crystalline  mass,  consisting  of  quintone  hezbromide,  C5HfBr€.  satu- 
rated with  a  thick  liquid,  which  is  a  mixture  of  the  compounds  CgHJBrfc, 
C6HcBr4,  and  probably  CsH6Brr 

Terpenes,  C10H,,. — These  bodies  are  volatile  oils,  existing  in  plants, 
chiefly  of  the  coniferous  and  aurantiaceous  orders;  they  have  not  yet  been 
formed  by  any  artificial  process.  The  most  important  member  of  the  group 
is  turpentine  oil,  which  is  contained  in  the  wood,  bark,  leaves,  and  other  parts 
of  pines,  firs,  and  other  coniferous  trees,  and  is  usually  prepared  by  dis- 
tilling crude  turpentine,  the  oleo-resinous  juice  which  exudes  from  incisions 
in  the  bark  of  the  trees,  either  alone  or  with  water.  It  was  formerly  sup- 
posed that  all  the  volatile  oils  thus  obtained,  and  having  the  composition 
CMHM,  were  identical  in  chemical  and  physical  properties;  but  recent  in- 
vestigations, especially  those  of  Berthelot,  have  shown  that  the  turpentine 
oils  obtained  from  different  sources  exhibit  considerable  diversities  in  their 
physical,  and  more  especially  in  their  optical  properties ;  further,  that  most 
kinds  of  turpentine  oil  are  mixtures  of  two  or  more  isomeric  or  polymeric 
hydrocarbons,  differing  in  physical  and  sometimes  also  in  chemical  pro- 
perties. These  modifications  are  often  produced  by  the  action  of  heat  and 
of  chemical  reagents  during  the  purification  of  the  oil. 

The  several  varieties  of  turpentine  oil,  when  purified  by  repeated  rectifi- 
cation with  water,  are  colorless  mobile  liquids,  having  a  peculiar  aromatic 
but  disagreeable  odor.  They  are  insoluble  in  water,  slightly  soluble  in 
aqueous  alcohol,  miscible  in  all  proportions  with  absolute  alcohol,  ether,  and 
carbon  disulphide.  They  dissolve  iodine,  sulphur,  phosphorus,  and  many 
organic  substances  which  are  insoluble  in  water,  such  as  fixed  oils  and 
resins,  and  are  therefore  used  for  making  varnishes. 

The  principal  varieties  are,  French  turpentine  oil,  obtained  from  the 
French  or  Bordeaux  turpentine  of  Pinue  maritima,  and  English  turpentine 
oil,  from  the  turpentine  collected  in  Carolina  and  other  Southern  Slates  of 
the  American  Union,  from  Pinue  Australia  and  Pinua  tceda. 

French  turpentine  oil,  when  purified  by  neutralizing  it  with  an  alkaline 
carbonate,  and  then  distilling  it,  first  over  the  water-bath,  and  then  in  a 
vacuum  (by  which  treatment  all  transformation  of  the  product  by  heat  or 
by  reagents  is  avoided),  consists  mainly  of  a  hydrocarbon,  C10HW.  called 
terebenthent.  It  has  a  specific  gravity  of  0-864,  boils  at  161°  C.  (322°  F.),  and 
turns  the  plane  of  polarization  of  a  ray  of  light  to  the  left.  English  tur- 
pentine oil,  treated  in  a  similar  manner,  yields,  as  its  chief  constituent,  a 
liquid  called  australene,  or  auetraterebenthene,  having  the  same  specific  gravity 
and  boiling  point  as  terebenthene,  but  turning  the  plane  of  polarisation  to 
the  right. 
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When  pure  turpentine  oil  (terebenthene  or  australene)  is  heated  to  200°- 
250°,  it  undergoes  a  molecular  transformation,  and  may  then  be  separated 
bj  distillation  into  two  oils,  one  called  austrapyrolene,  isomeric  with  the 
original  oil,  and  boiling  at  176°  to  178°  C.  (348°-352°  F.) ;  the  other,  called 
metaterebenthene,  polymeric  with  the  original  oil,  having  the  formula  C^Hjj, 
and  boiling  at  a  temperature  above  360°  C.  (680°  F).  Both  are  levorota- 
tory,  the  latter  exhibiting  the  greater  amount  of  rotatory  power. 

Turpentine  oil  treated  with  boron  fluoride  or  strong  sulphuric  acid,  is  trans- 
formed into  two  hydrocarbons  having  no  action  on  polarized  light.  The 
one,  called  terebene,  has  the  formula  CI0Hrt,  and  boils  at  160°  C.  (320°  F.) ; 
the  other,  called  colophene,  or  dUerebene,  consists  of  C^H,,,  and  boils  at  a 
very  high  temperature. 

By  the  action  of  sodium  stearate  on  a  solid  compound  of  turpentine  oil 
and  hydrochloric  acid  to  be  presently  described,  a  crystallized  hydrocar- 
bon, CroHg.  called  camphene,  is  formed,  which  turns  the  plane  of  polariza- 
tion to  the  left  or  to  the  right,  according  as  it  has  been  formed  from  French 
or  from  English  turpentine  oil.  If  sodium  acetate  be  used  in  its  prepara- 
tion in  place  of  the  atearate,  the  same  hydrocarbon  is  obtained,  but  it  is 
then  optically  inactive. 

Turpentine  oil  exposed  to  the  air  absorbs  oxygen,  which  then,  as  in  all 
slow  combustions,  acquires  the  properties  of  ozone,  and  subsequently  en- 
ters into  combination  with  the  hydrocarbon,  forming  resinous  products. 
Nitric  add,  and  other  powerful  oxidizing  agents,  convert  turpentine  oil  into 
a  number  of  acid  products  of  complex  constitution.  Strong  nitric  acid 
acts  very  violently  on  turpentine  oil,  sometimes  setting  it  on  fire. 

Chlorine  is  absorbed  by  turpentine  oil,  with  evolution  of  heat,  sometimes 
sufficient  to  produce  inflammation.  When  paper  soaked  in  rectified  tur- 
pentine oil  is  introduced  into  a  vessel  filled  with  chlorine,  the  turpentine 
takes  fire,  and  a  quantity  of  black  smoke  is  produced,  together  with  white 
fumes  of  hydrochloric  acid.  Bromine  acts  in  a  similar  manner.  Iodine  is 
dissolved  by  turpentine  oil,  forming  at  first  a  green  solution,  which  after- 
wards becomes  hot,  and  gives  off  hydriodic  acid.  When  a  considerable 
quantity  of  iodine  is  suddenly  brought  in  contact  with  turpentine  oil,  ex- 
plosion frequently  ensues.  Turpentine  oil  distilled  with  chloride  of  lime  and 
water,  yields  chloroform. 

Compounds  of  Turpentine  oil. —  Turpentine  oil  forms  several  compounds 
with  hydrochloric  acid.  The  gaseous  acid  converts  it  into  the  mono  hydro- 
chloride,  Cl0Ha.  HC1.  On  the  other  hand,  when  the  oil  is  subjected  for  sev- 
eral weeks  to  the  action  of  the  strong  aqueous  acid,  crystals  of  a  dihydro- 
chloride,  C10Hp .  2HC1,  are  obtained.  This  latter  compound  is  also  formed 
by  the  action  of  hydrochloric  acid  gas  on  lemon  oil;  hence  it  is  called  citrene 
^hydrochloride.  By  the  action  of  hydrochloric  acid  on  terebene,  the  com- 
pound CjqH^  .  HCl  is  formed,  called  diterebene  hydrochloride.  Lastly,  when  a 
current  of  hydrochloric  acid  gas  is  passed  through  a  solution  of  turpentine 
oil  in  acetic  acid,  the  compound  C^Hj,.  8HC1  is  produced,  called  dipyrolene 
hydrochloride. 

Hydrobromic  and  hydriodic  acids  form,  with  oil  of  turpentine,  compounds 
analogous  in  composition  to  the  hydrochlorides ;  the  dihydriodide,  however, 
has  not  been  obtained  from  turpentine  oil  itself. 

Whatever  method  may  be  adopted  for  preparing  the  hydrochlorides,  hy- 
drobromides,  or  the  monohydriodide  of  turpentine  oil,  there  are  always 
two  isomeric  modifications  obtained  —  one  liquid,  the  other  solid  and  crys- 
talline. The  crystallized  monohydrochloride  is  sometimes,  though  inap- 
propriately, designated  as  artificial  camphor,  and  the  dihydrochioride  as 
lemon  camphor. 

Hydrates  of  Turpentine  oil. —  The  terebenthenes  unite  with  water  in  sev- 
eral proportions,  yielding  the  following  compounds: 
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CwHrt .  80H,  CjoH,,  .  20H,  CnHM .  OH,  2Cl0Hli .  OH, 

Terpin  Terpin.  Terpintin  TerpinoL 

hydrate,  hydrate. 

Terpin  hydrate,  Cl0Hlf .  20H, .  Aq.  (also  called  Turpentine-camphor  and  Hy- 
drate of  Turpentine-oil),  is  frequently  deposited  in  crystals  from  turpentine 
oil  containing  water ;  its  production  is  favored  by  the  presence  of  an  acid. 
To  prepare  it,  8  vols,  turpentine  oil  are  mixed  with  2  vols,  nitric  acid  and 
1  to  6  vole,  alcohol ;  and  the  mixture  is  frequently  shaken  during  the  first 
few  days,  then  left  to  itself  in  shallow  Teasels  for  several  weeks.  Brown 
crystals  are  thereby  formed,  which  must  be  pressed,  and  then  recrystal- 
lized  from  boiling  water,  with  addition  of  animal  charcoal. 

Terpin  hydrate  usually  crystallizes  in  large  rhombic  prisms ;  it  dissolves 
sparingly  in  cold,  easily  in  boiling  water,  easily  also  in  alcohol  and  ether. 
At  100°  C.  (212°  F. )  it  melts,  gives  off  its  water  of  crystallization,  and  is 
converted  into  terpin.  The  same  change  takes  place  on  exposing  the  crys- 
tals to  air  dried  over  oil  of  vitriol. 

Terpin,  C^H^ .  20Hr  melts  at  108°  G.  (217°  F.),  and  solidifies  in  the  crys- 
talline state  on  cooling.  It  sublimes  at  about  150°,  in  slender  needles.  It 
is  dissolved  with  red  color  by  strong  sulphuric  acid,  and  converted  into 
turpentine  oil.  The  same  change  takes  place  on  boiling  the  terpin  with 
dilute  acids,  heating  it  to  100°  C.  (212°  ¥.)  with  tine  chloride,  or  to  160°- 
180°  C.  (320°-366°  F.)  with  chloride  of  calcium,  strontium,  or  ammonium. 
Terpin,  or  terpin  hydrate,  subjected  to  the  action  of  gaseous  or  aqueous 
hydrochloric  acid,  or  of  the  chlorides,  bromides,  or  iodides  of  phosphorus, 
is  converted  into  the  crystallised  ^hydrochloride,  dihydrobromide,  or  dihy- 
driodide ;  this  is  in  fact  the  only  way  of  obtaining  the  last-mentioned  com  • 
pound.  Terpin,  distilled  with  phosphoric  oxide,  yields  terebene  and  colo- 
phene  (p.  48o).  Heated  with  acetic  or  butyric  acid,  or  with  benzoic  chlor- 
ide, it  yields  terebene  and  polyterebenes.  When  heated  with  acetic  oxide, 
(C,HaO)aO,  to  140°  C.  (284°  F  ),  for  not  too  long  a  time,  it  yields  a  com- 
pound containing  C,9HM .  C,H40, .  OHr 

Terpentin  hydrate,  010HM  .  OHr  is  sometimes  obtained  in  the  preparation 
of  terpin,  either  together  with  the  latter  or  alone.  It  is  a  liquid  insoluble 
in  water,  and  boiling  at  200° -220°  C.  (392°-428°  F.). 

Terpinol,  2C10HM .  OH.,  is  produced  when  terpin  is  boiled  with  dilute 
hydrochloric  or  sulphuric  acid,  or  when  the  dihydrochloride  of  terebene  is 
boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colorless,  strongly 
refracting  oil,  optically  inactive,  and  boiling  with  partial  decomposition 
at  168°  C.  (834°  F.). 

The  hydrocarbon,  C,0Htf  (decone  or  terebenthene),  acts  as  a  quadrivalent 
radical,  capable  of  uniting  with  four  monad  atoms,  and  therefore  with  two 
molecules  of  the  acids  HC1,  HBr,  and  HI,  thereby  producing  the  dihydro- 
chlorides  above  mentioned ;  but,  like  other  tetrad  radicals,  it  can  also  take 
up  only  two  monad  atoms,  producing  the  monohydrochloride,  &c.  The 
same  tetrad  radical,  by  doubling  itself,  loses  two  units  of  equivalence,— just 
as  two  atoms  of  carbon  when  united  are  satisfied  by  six,  and  not  by  eight 
atoms  of  hydrogen,  and  forms  the  hydrocarbon,  C^H^,  which  is  sexvalent, 
and  can  therefore  form  such  compounds  as  CWHM .  8HC1.  Further,  this 
same  hexad  radical  might  form  non-saturated  compounds  containing  only 
four  or  two  monad  atoms ;  in  reality,  however,  only  those  containing  two 
monad  atoms  are  known,  such  as  C</0Ha .  HCl. 

If  in  the  several  hydrochlorides  each  atom  of  chlorine  be  replaced  by 
hydroxyl,  HO,  we  obtain  the  formulas  of  the  several  hydrates  of  turpentine 
oil ;  the  hydrate  corresponding  to  the  hydrochlorate,  C^H^ .  HCl,  has  not, 
however,  been  prepared. 
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Volatile  Oils  isomeric  with  Turpentine  Oil. — The  following  volatile 
or  essential  oils  obtained  from  plants  exhibit,  like  oil  of  turpentine,  the 
composition  C^Hg. 

Terpens  from  Aurantiaceous  plants. — These  terpenes  are  distinguished  by 
their  fragrant  odor.  Lemon  oil,  obtained  from  the  rind  of  the  fruit  of  Cit- 
rus limonum,  by  pressure,  or  by  distillation  with  water,  consists  mainly  of 
citrene,  C^H^  a  hydrocarbon  closely  resembling  terebenthene,  having  a 
specific  gravity  of  0*85  at  15°,  boiling  at  167°  or  168°,  turning  the  plane 
of  polarization  to  the  right.  With  water  it  forms  a  crystallized  hydrate 
resembling  terpin ;  with  hydrochloric  acid,  a  dihydrochloride,  CWHI6 .  2HC1, 
existing  in  a  solid  and  a  liquid  modification,  and  a  nionohydrochloride, 
CMH,g .  HCL,  apparently  susceptible  of  similar  modifications. 

Similar  oils  are  obtained  from  the  rind  of  the  sweet  orange  ( Citrus  auran- 
tium),  the  bergamot  (C.  bergamia),  the  bigarade  or  bitter  orange  (C.  bigara- 
dia),  the  lime  (C.  limUtaV  the  sweet  lemon  (C.  lumia),  and  the  citron  (C. 
medico).  Oil  of  neroli,  obtained  by  distilling  orange-flowers  with  water,  is 
probably  also  a  terpene  when  pure. 
-  Terpen**  from  other  sources. — The  volatile  oils  of  athamanta,  beech,  borneo 
(from  Dryabalanops  camphor  a),  caoutchouc,  caraway,  camomile,  coriander, 
elemL,  gomart,  hop,  juniper,  imperatoria,  laurel,  parsley,  pepper,  savin, 
thyme,  valerian,  and  others,  also  the  neutral  oils  of  wintergreen  (Gaul- 
tkeria  procumbent),  and  cloves,  are  isomeric  with  oil  of  turpentine.  Tne  oils 
of  copaiba  and  cubebs  are  probably  polymeric  with  it,  their  molecules  con- 
taining CttH^ 

Caoutchouc,  or  India-rubber,  the  thickened  milky  juice  of  several  species 
of  Ficus,  Euphorbia,  and  other  trees  growing  in  tropical  countries,  is  essen- 
tially a  mixture  of  several  hydrocarbons  isomeric  or  polymeric  with  turpen- 
tine oiL  When  pure  it  is  nearly  white,  the  dark  color  of  commercial 
caoutchouc  being  due  to  the  effects  of  smoke  and  other  impurities.  It  is 
softened  but  not  dissolved  by  boiling  water ;  it  is  also  insoluble  in  alcohol. 
In  pure,  ether,  rectified  petroleum,  and  coal-tar  oil,  it  dissolves,  and  is  left 
unchanged  on  the  evaporation  of  the  solvent.  Oil  of  turpentine  also  dis- 
solves it,  forming  a  viscid,  adhesive  mass,  which  dries  very  imperfectly. 
At  a  temperature  a  little  above  the  boiling  point  of  water,  caoutchouc 
melts,  but  never  afterwards  returns  to  its  former  elastic  state.  Few  chemi- 
cal agents  affect  this  substance ;  hence  its  great  use  in  chemical  investiga- 
tions, for  connecting  apparatus,  &c.  By  destructive  distillation  it  yields  a 
large  quantity  of  a  thin,  volatile,  oily  liquid,  of  naphtha-like  odor,  called 
caoutchoucin,  which  dissolves  caoutchouc  with  facility.  This  oil,  according 
to  Mr.  Greville  Williams,  is  composed  of  two  polymeric  hydrocarbons: 
caoutchin.  CUHM,  boiling  at  171°  C.  (340°  F.),  and  isoprene,  C«Hg,  boiling  at 
87°  C.  (99°  F.). 

Caoutchouc  combines  with  variable  proportions  of  sulphur.  The  mix- 
tures thus  obtained  are  called  vulcanized  India-rubber;  they  are  more  per- 
manently elastic  than  pure  caoutchouc. 

Vulcanite,  or  Ebonite,  is  caoutchouc  mixed  with  half  its  weight  of  sulphur, 
and  hardened  by  pressure  and  heating.  It  is  very  hard,  takes  a  high 
polish,  and  is  used  for  making  combs,  knife-handles,  buttons,  &o.  It  is 
also  especially  distinguished  by  the  large  quantity  of  electricity  which  it 
evolves  when  rubbed ;  hence  it  makes  an  excellent  material  for  the  plates 
of  electrical  machines. 

Gutta-percha,  the  hardened  milky  juice  of  Isonandra  gutta,  a  large  tree 
growing  in  Malacca  and  many  of  the  islands  of  the  Eastern  Archipelago, 
is  similar  in  composition  to  caoutchouc,  and  resembles  it  in  many  of  its 
properties,  but  is  harder  and  less  elastic.  It  is  quite  insoluble  in,  and  im- 
pervious to,  water,  and  being  also  an  excellent  electric  insulator,  is  exten- 
sively used  as  a  casing  for  submarine  telegraph  wires.    By  dry  distillation 
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it  yields  isoprene,  caoutchin,  and  a  heavy  oil  called  Keveent,  probably  poly- 
meric with  these  bodies. 

Volatile  oh.  Essential  Oils  in  general. — The  volatile  oils  obtained 
from  plants  mostly  consist  either  of  hydrocarbons  isomeric  or  polymeric 
with  turpentine  oil,  or  of  mixtures  of  those  hydrocarbons  with  compounds 
of  carbon,  hydrogen,  and  oxygen.  Thus  valerian  oil  contains  valeric  acid, 
CftHwOt;  pelargonium  oil  contains  pelargonic  acid,  CgHpO.;  rue  oil  con- 
tains capric  aldehyde,  C€HltO;  wintergreen  oil  contains  acid  methyl  salt- 
cate,  C,H,Or  the  oxygenated  compound  being  associated  in  each  case  with 
a  terpene.  Borne  consist  essentially  of  aldehydes:  thus  bitter  almond  oil 
consists  of  bensoic  aldehyde,  CyH90 ;  the  oils  of  cinnamon  and  cassia  con- 
tain cinnamio  aldehyde,  CTH,0 ;  and  those  of  anise,  star-anise,  fennel,  and 
tarragon,  contain  anethol,  CwH„0.  Those  volatile  oils  which  exist  ready 
formed  in  living  plants  do  not  appear  to  contain  any  elements  besides  car- 
bon, hydrogen,  and  oxygen.  Sulphur  is  found  only  in  certain  oils  result- 
ing from  a  kind  of  fermentation  process,  as  in  the  volatile  oils  of  mustard 
and  garlic;  nitrogen,  when  it  occurs,  must  be  regarded  as  an  impu- 
rity resulting  from  admixed  vegetable  tissue.  Volatile  oils  are  mostly 
procured  by  distilling  the  plant,  or  part  of  the  plant,  with  water; 
their  points  of  ebullition  almost  always  lie  above  that  of  water;  never- 
theless, at  100°  the  oils  emit  vapor  of  very  considerable  tension,  which 
is  carried  over  mechanically,  and  condensed  with  the  steam.  The  milky 
or  turbid  liquor  obtained  separates,  when  left  at  rest,  into  oil  and  water. 
Sometimes  the  oil  is  heavier  than  the  water,  and  sinks  to  the  bottom: 
sometimes  the  reverse  happens.  From  parts  of  plants  which  are  very  rich 
in  volatile  oil,  suoh  as  lemon  and  orange-peel,  the  oil  may  be  extracted  by 
pressure. 

A  few  volatile  oils  are  found  in  the  bodies  of  animals, — oil  of  ants,  for 
example. 

Most  volatile  oils  are  colorless  when  pure ;  they  often,  however,  have  a 
yellow  color  arising  from  impurity ;  and  a  few,  the  oils  of  wormwood  and 
camomile,  for  example,  have  a  green  or  blue  color,  due  to  the  presence  of 
an  oily  compound  of  a  very  deep  blue  color,  called  ctrulem.  They  have 
usually  a  powerful  odor,  and  a  pungent,  burning  taste.  When  exposed  to 
the  air,  they  frequently  become  altered  by  slow  absorption  of  oxygen,  and 
assume  the  character  of  resins.  They  mix  in  all  proportions  with 
fat  oils,  such  as  linseed,  nut,  colxa,  and  whale  oils,  and  dissolve 
freely  both  in  ether  and  alcohol:  from  the  latter  solvent  they  are 
precipitated  by  the  addition  of  water.  Volatile  oils  communicate  a 
greasy  stain  to  paper,  which  disappears  by  warming ;  by  this  character 
any  adulteration  with  fixed  oils  can  be  at  once  detected.  Many  volatile 
oils,  when  exposed  to  cold,  separate  into  a  solid  crystalline  compound 
called  a  camphor  or  stearoptene,  and  a  liquid  oil,  which,  for  distinction,  is 
sometimes  called  an  eUeoptene. 


Fifth  Shmm,  CbH„-,.—  Aromatic  Htdrocabbons. 

The  hydrocarbons  of  this  series  present  peculiar  interest  on  account  of 
the  many  important  derivatives,  including  alcohols,  acids,  bases,  Ac,  to 
which  they  gave  rise.  The  whole  group  of  compounds  thus  formed  are 
usually  designated  as  aromatic  bodies,  on  account  of  the  peculiar  and  fra- 
grant odors  exhibited  by  some  of  them,— bensoic  acid,  for  example. 
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The  known  hydrocarbons  of  the  aromatic  series  are : 

Benzene C€H€ 

Toluene CTH8 

Xylene C8HW 

Cumene C9H,, 

Cymene C10H,4 

Amylxylene       ....  £13^20 

They  are  all  found  (except  the  last)  in  the  lighter  part  of  the  oil  obtained 
by  the  destructive  distillation  of  coal,  and  may  be  separated  from  one 
another  by  fractional  distillation. 

These  hydrocarbons  might  be  regarded  as  derived  from  the  correspond- 
ing paraffins  by  abstraction  of  8  atoms  of  hydrogen  (0.  g.,  C€H€=rC€Hl4— 
H8),  or  from  the  defines  by  abstraction  of  6  atoms  of  hydrogen,  &c. ;  and 
accordingly  they  might  be  expected  to  act  as  octovalent,  sexvalent,  quad- 
rivalent, or  bivalent  radicals ;  and,  in  fact,  cymene  can  combine  with  two 
atoms  of  chlorine,  and  benzene  forms  definite  compounds  with  6  atoms  of 
chlorine  and  of  bromine.  But  in  nearly  all  cases  the  aromatic  hydrocar- 
bons react  as  saturated  molecules,  like  the  paraffins,  yielding,  when  treated 
with  chlorine,  bromine,  or  nitrio  acid,  not  additive  compounds,  but  substi- 
tution-products. 

Benzene  may  be  represented  as  a  saturated  molecule  by  the  following 
constitutional  formula,  in  which  the  carbon-atoms  are  united  together  by 
one  and  two  combining  units  alternately : 

H— C C— H 

H J       LH 

H— C  — C— H 

The  other  hydrocarbons  of  the  series  may  be  derived  from  it  by  suc- 
cessive addition  of  CHr  or  by  substitution  of  methyl,  CHg,  for  hydrogen ; 
thus: 

C,HS       =    C€Hfl(CH,)      Methyl-benzene, 
C9HI0     =    CCH4(CHS)S    Dimethyl-benzene, 
CSH.,     =    C€H,(CHS),    Trimethyl-benzene, 
CyJ&H    =    C€H,(CHS)4    Tetramethyl-benzene. 

Further,  a  hydrocarbon  isomeric  with  dimethyl-benzene  may  be  formed 
by  the  substitution  of  ethyl,  C,H.,  for  1  atom  of  hydrogen  in  benzene,  viz., 
ethyl-benzene,  CeHfl(C,H.) ;  in  like  manner,  methyl-ethyl-benzene,  C6H4 
(CH,)(C,HfJ,  and  propyl-benzene,  CflH5(C,lI7),  are  isomeric  with  trimethyl- 
benzene;  diethyl-benzene,  CflH4(CtHs)r  with  tetramethyl-benzene,  &c,  &c. 
It  is  easy  to  see  that,  in  this  manner,  a  large  number  of  isomeric  bodies 
may  exist  in  the  higher  terms  of  the  series. 


,  CtHr — This  hydrocarbon  can  be  produced  synthetically  from  its 
elements.  When  ethine,  C,Hr  which,  as  we  have  seen  (p.  486),  may  be 
formed  by  the  direct  combination  of  carbon  and  hydrogen,  is  heated  to  a 
temperature  somewhat  below  redness,  it  is  converted  into  several  polymeric 
modifications,  the  principal  of  which  is  triethine  or  benzene,  8C,H,=sC6He. 

Benzene  is  also  formed  in  the  dry  distillation  of  many  organic  substances, 
and  is  contained  in  considerable  quantity  in  the  more  volatile  portion  of 
coal-tar  oil,  from  which  it  is  now  almost  always  prepared.  To  obtain  it,  the 
oil  is  repeatedly  washed  with  dilute  sulphur ic  acid  and  with  potash,  to  re- 
move the  alkaline  and  acid  products  likewise  existing  in  it;  and  the  re- 
maining neutral  oil  is  submitted  to  repeated  fractional  distillation,  the  por- 
*2 
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tion  which  goes  over  between  80°  and  90°  C.  (17G°-194°  F.)  being  collected 
apart.  On  cooling  this  distillate  to  — 12°  C.  (10°  F.),  the  benzene  crystal- 
lizes out,  and  may  be  panned  from  adhering  liquid  substances  by  pressure. 
It  is  now  prepared  in  immense  quantities  for  the  manufacture  of  aniline ; 
but  the  commercial  product  is  always  impure,  containing  also  the  higher 
members  of  the  aromatic  series. 
Pure  benzene  may  be  obtained  by  distilling  benzoic  acid  with  lime: 

C7H^O,    +    CaO    =    CO,Ca    +    CeH« 
Benzoio  Lime.  Calcium      Benzene, 

acid.  carbonate. 

Benzene  is  identical  with  the  so-called  bicarburet  of  hydrogen,  discoTered 
many  years  ago  by  Faraday  in  the  liquid  condensed  during  the  compression 
of  oil-gas  (p.  172). 

Pure  benzene  is  a  thin,  limpid,  colorless  strongly  refracting  liquid, 
baring  a  peculiar  ethereal  odor.  It  has  a  density  of  0*885  at  15-5°  C. 
(60°  F),  boils  at  82°  C.  (180°  F.),  and  solidifies  at  3°  C.  (37°  F.) to  a  white 
crystalline  mass.  It  is  nearly  insoluble  in  water,  but  mixes  with  alcohol 
and  ether.  It  dissolves  iodine,  sulphur,  and  phosphorus,  and  a  large 
number  of  organic  substances,  fats  and  resins,  for  example,  which  are  in- 
soluble, orrery  sparingly  soluble  in  water  and  alcohol;  hence  its  use  in 
many  chemical  preparations,  and  for  removing  grease-spots  from  articles 
of  dress. 

Benzene,  passed  in  the  state  of  vapor  through  a  porcelain  tube  heated 
to  bright  redness,  is  partly  resolved  into  hydrogen  gas,  containing  a  small 
quantity  of  ethine,  and  the  following  liquid  products:  (1)  diphmyl,  CttHN 
=  2C€Hr-H1;  (2)  chryzene,  ClSHn  =  8CiHr-H€;  (8)  benzerythrene,  a  solid, 
resinous,  orange-colored  body  of  unknown  composition,  which  distils  over 
in  yellow  vapors  at  a  dull  red  heat;  (4)  bifumene,  a  blackish  liquid,  which 
remains  in  the  retort  at  a  dull  red  heat,  and  solidifies  on  cooling.* 

Substitution-products  of  Benzene. —  Chlorine  and  bromine  act  readily 
on  benzene,  forming  substitution-products,  in  which  the  hydrogen-atoms 
are  successively  replaced  by  the  halogen  element;  thus  with  chlorine  the 
compounds 

CeHfCl,        C^Cl,        CjHjClg,        CgHjCl^        CeHClg,        0,0, 

are  obtained.  The  formation  of  the  more  highly  chlorinated  products  is 
facilitated  by  the  presence  of  iodine  or  of  antimony  pentacbloride. 

Monochlorobenzent,  C€H6C1,  which  may  also  be  prepared  by  the  action  of 
phosphorus  pentachloride  on  phenol,  C-H6(OH), — and  is  hence  regarded  as 
a  chloride  of  the  univalent  radical  phenyl,  CcHft, — is  a  colorless  liquid,  heavier 
than  water,  and  boiling  at  about  136°.  When  treated  with  nascent  hy- 
drogen (evolved  from  water  by  sodium  or  sodium  amalgam)  it  is  reconverted 
into  benzene.  Dichlorobenzene,  CeH6CL,  is  a  crystalline  solid;  trichloro- 
benzene  is  a  liquid  which  does  not  solidify  at  0°.  The  more  highly  chlori- 
nated benzenes  are  crystalline  solids. 

Monobromobenzent,  CeHBBr,  is  a  liquid;  the  compounds  C9H4Brr  and 
C6H8Brr  are  solid ;  similarly  with  the  wdobenzenez. 

These  haloid  derivatives  of  benzene  are  comparatively  stable  compounds, 
which  do  not  give  off  their  chlorine,  bromine,  or  iodine  in  exchange  for  hy- 
droxy 1  or  other  radicals  so  easily  as  the  corresponding  derivatives  of  the 
paraffins  (p.  478) ;  thus  monoohlorobenzene  or  phenyl  chloride,  C9HftCl,  is  not 
converted  into  hydroxyl-benzene  or  phenyl  alcohol,  CflHf(OH),  by  treat- 
ment with  water  or  alkalies. 

•  Pcrthdet,  Bulletin  de  1*  0oci6tf  Chimlque  de  Paris,  [2]  vi.  pp.  273, 279. 
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Nitrobenzene*. — Benzene  dissolves  readily  in  strong  nitrio  acid,  and  on 
adding  water  to  the  solution,  nitrobenzene,  C9Hs(N02),  separates  out: 

C«Ht    -f    NO,(OH)    =    OH,    +    CeH5NOr 

It  is  a  yellowish  liquid,  smelling  like  bitter  almonds,  and  hence  used  in 
perfumery;  it  is  known  commercially  by  the  incorrect  name  of  artificial  oil 
of  almonds.  By  reducing  agents  it  is  converted  into  amidobenzene  or  ani- 
line, CgH.(N,H),  which  will  be  described  among  organic  bases. 

JHnitrobenxene,  CeH4N,04,  or  C  «H4(NO,),,  produced  by  warming  benzene 
with  a  mixture  of  nitric  and  sulphuric  acids,  is  a  white  substance,  crystal- 
lising in  needles ;  by  reducing  agents  it  is  converted  into  diamido-benzene 
or  phenylene-diamine,  C8H4(NH,)r 

Additive-compounds  or  Benzene.  —  Benzene,  although,  as  already  ob- 
served, it  mostly  reacts  as  a  saturated  molecule  —  exhibiting  indeed  in  its 
chemical  relations  a  very  close  resemblance  to  the  paraffins*- can  never- 
theless, under  certain  circumstances,  take  up  6  atoms,  or  3  molecules,  of 
chlorine  or  bromine,  forming  the  compounds  CeHeCle,  and  C6H6Biy  These 
are  crystalline  bodies,  obtained  by  exposing  benzene  to  sunshine  in  contact 
with  chlorine  or  bromine ;  the  former  also  by  mixing  the  vapor  of  boiling 
benzene  with  chlorine.  Benzene  hexchloride  melts  at  182°  G.  (270°  F.), 
and  boils  at  288°  C.  (560°  F.J,  being  partly  resolved  at  the  same  time  with 
hydrochloric  acid  and  trichlorobensene,  CflH6Clfl  =  8HC1  -f-  C€H,C18.  The 
same  decomposition  is  quickly  produced  by  heating  the  compound  with 
alcoholic  solution  of  potash.  Benzene  hexbromide  exhibits  a  similar  re- 
action. 

Benzene  is  also  oapable  of  uniting  directly  with  three  molecules  of  hypo- 
chlorous  arid,  forming  the  compound  G€H9C)sOr  or  CfH€ .  8C10H,  which  crys- 
tallizes in  thin  colorless  plates  melting  at  about  10°,  and  is  converted  by 
alkalies  into  a  saccharine  compound  called  phenoee,  CflHlsO€,  isomerio  with 
glucose  or  grape-sugar : 

CflHfCl,0,    +    80HK    ==    8KC1    +    CflHlaOfl. 

Toluene,  C7Hr  or  Methyl  benzene,  CeH6(CHs). —  This  hydrocarbon,  which 
may  also  be  regarded  as  a  compound  of  methyl  with  the  univalent  radical, 
phenyl,  u  «.,  as  phenyl-methyl,  CtHf .  CH„  is  produced :  Synthetically  (I)  by 
the  action  of  sodium  on  a  mixture  of  bromobenzcne  (phenyl  bromide),  and 
methyl  iodide : 

C€H5Br  +  CHSI  +  Na,  ==  NaBr  +  Nal  +  CflHfl.CH,. 

(2)  By  the  mutual  action  of  benzene  (phenyl  hydride),  and  methane 
(methyl  hydride),  in  the  nascent  state,  as  when  a  mixture  of  2  parts  of 
sodium  acetate  and  1  part  of  sodium  benzoate  is  subjected  to  dry  distilla- 
tion: 

C,H,    +    CH4    =    C,H,    +    Hf. 

It  is  also  produced  by  distilling  toluic  acid,  C8H,0Or  with  lime,  which 
abstracts  carbon  dioxide  : 

0,^0,    =    CO,    +    CTHg. 

It  occurs,  together  with  benzene  and  the  other  hydrocarbons  of  the  series, 
in  light  coal-tar  oil,  and  in  the  products  of  the  distillation  of  wood,  tolu 
balsam,  dragon's-blood,  and  other  vegetable  substances;  and,  together  with 
many  other  hydrocarbons,  in  Rangoon  tar  or  Burmese  naphtha. 

Toluene  is  a  limpid  liquid,  smelling  like  benzene,  and  having  a  density 
of  0*881  at  6°C.  (41°  F.).  It  boils  at  111°  C.  (232°  F.),  and  does  not  solid- 
ify at  — 20°  C.  ( — 4°  F.).  In  respect  of  solubility  and  solvent  power,  it 
is  very  muoh  like  benzene,  but  dissolves  somewhat  more  readily  in  alcohoL 
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When  treated  with  oxidising  agents,  it  yields  bensoio  acid,  C1Efir  or  de- 
rivatives thereof;  with  potassium  chromate  and  sulphuric  acid,  it  yields 
bemoic  acid ;  and  by  prolonged  boiling  with  strong  nitric  acid,  nitroben- 
soic  acid. 

Toluene  vapor  passed  through  a  red-hot  porcelain  tube  is  partly  resolved 
into  hydrogen  gas  (with  small  quantities  of  methane  and  ethine),  and  the 
following  liquid  products:  (1)  Bensene  and  naphthalene  inconsiderable 
quantities.  (2)  A  cryst*llizable  hydrocarbon  volatilizing  at  280°  C.  (586° 
F.),  and  probably  consisting  of  dibenxyl,  CHHI4.  (3)  A  liquid  isomeric 
with  the  last.  (4)  A  mixture,  distilling  above  360°,  of  anthracene  with  an 
oily  liquid.  (6)  Chrysene  and  the  last  decomposition-products  of  benzene. 
The  formation  of  benzene,  naphthalene,  anthracene,  and  dibenxyl  is  repre- 
sented by  the  equations: 

2C7HS  =  CMHM  +  H2;        2CTHf  =  CMH10  +  8H, 
Jojuene.  Dibenxyl.  Toluene.  Anthracene. 

4CTH,      ==      8CeHe      +       CIPHB      +      8Hr 
Toluene.  Benzene.  Naphtha- 

lene. 

SuBSTiTUTiOK-PitODUCTs  or  Toluene. —  The  formula  of  toluene,  CeH,. 
GHt,  indicates  the  existence  of  two  series  of  substitution-products,  accord- 
ing as  the  replacement  of  the  hydrogen  by  other  radicals  takes  place  in 
the  phenyl  atom  or  benzene  residue,  or  in  the  methyl  atom;  thus: 

CtH JC1 .  CHS  is  isomeric  with  C9H. .  CH,C1 

Monochlorotoluene.  Benzyl  chloride. 

C«rL(OH).CHt  «  CtHft.CH,(OH) 

CresoL  Benzyl  alcohol. 

CeH<(NH.) .  CH,  "  Cf  Hs .  CHjfNH,) 

Toluiduie.  Benzylamine. 

These  isomeric  derivatives  differ  considerably  from  one  another  in  their 
properties.  Those  on  the  left-hand  column,  formed  by  replacement  of 
hydrogen  in  the  benzene  residue,  are  comparatively  stable  and  indifferent 
compounds,  like  those  derived  in  like  manner  from  benzene  itself;  whereas 
those  on  the  right-hand  column,  formed  by  replacement  of  hydrogen  in 
the  methyl  atom,  are  more  active  bodies,  easily  exchanging  their  chlorine, 
hydroxy  1,  &c,  for  other  radicals  by  double  decomposition,  like  the  corre- 
sponding derivatives  of  the  paraffins  (p.  652).  Thus  benzyl  alcohol  treated 
with  hydrochloric  acid  yields  benzyl  cnloride  (just  as  ordinary  ethyl  alcohol 
similarly  treated  yields  ethyl  chloride) ;  and  this  compound  heated  with 
ammonia  yields  benzylamine ;  the  chloride  is  also  easily  converted  into  the 
acetate,  cyanide,  Ac,  by  treatment  with  the  corresponding  potassium  salts. 
In  short,  these  last-mentioned  toluene  derivatives  exhibit  reactions  exactly 
like  those  of  the  corresponding  compounds  of  the  methyl  and  ethyl  series, 
and  may  in  like  manner  be  supposed  to  contain  an  alcohol-radical,  C.Hr 
called  benzyl,  or  toli/l,  e.g.,  benzyl  chloride  =  CTHT . CI ;  benzyl  alcohol, 
C7H. .  OH ;  benzylamine  =  CTH7 .  NH^  Ac. 

Chlorotoluenet. — The  action  of  chlorine  on  toluene  gives  rise  to  a  number 
of  substitution-products,  differing  in  constitution  according  as  the  reaction 
takes  place  at  high  or  at  low  temperatures.  Compounds  isomeric  with 
these  are  also  obtained  from  benzyl  alcohol.  Of  the  two  monochlorinated 
compounds  whose  existence  is  indicated  by  theory,  viz.,  monochlorotoluene 
and  benzyl  chloride,  the  first  is  produced  at  low,  the  second  at  compara- 
tively high  temperatures,  as  when  toluene  is  distilled  in  a  current  of  chlor- 
ine gas,  keeping  the  temperature  between  110°  and  140°  C.  (280°-284°  F.) 
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Cblorotoluene  boils  at  157°-158°  C.  (314°-816°  F.);   benzyl  chloride  at 
176°.     The  former  treated  with  sodium  yields  toluene. 
Of  the  dichlorinated  derivatives  of  toluene,  three  isomers  may  exist,  viz.: 

C«HtCl, .  CH,  CtH4Cl .  C,HC1  CflH, .  CHC1, 

Dichloro-  Chlorobenzyl  Chlorobenzol 

toluene.  chloride.  (so  called). 

The  first  does  not  appear  to  have  been  obtained,  at  leaBt  in  the  pure  state. 
The  second  is  formed  by  the  action  of  chlorine  on  benzyl  chloride,  or  on 
monochlorotoluene ;  it  is  a  liquid  boiling  somewhat  below  200°  C.  (892°  F.). 
When  treated  with  alcoholic  potash,  it  easily  gives  up  half  its  chlorine  (that 
contained  in  the  methyl  atom,)  but  the  other  half  is  more  obstinately  re- 
tained. Chlorobenzol,  or  dichlorometky  I- benzene,  is  produced  by  the  action 
of  phosphorus  pentachloride  on  benzoic  aldehyde  or  bitter  almond  oil 
(CTH€0).  It  is  a  colorless  strongly  refracting  oil,  which  boils  at  206°  C. 
(403°  F.)f  and  when  heated  to  120°-130°  C.  (248°-266°  F.)  wiih  water  or 
aqueous  potash,  easily  gives  up  the  whole  of  its  chlorine  in  exchange  for 
oxygen,  reproducing  benzoic  aldehyde : 

CfH§.CHCL    +    OH,    =    2HC1    +    CflH,.COH 
Chlorobenzol.  Benzoic 

aldehyde. 

The  more  highly  chlorinated  toluenes,  CTHsClt  and  CTH4C14,  admit  of  a 
still  greater  number  of  isomerio  modifications ;  but  we  cannot  here  describe 
them  in  detail. 

The  bromotohtentt  are  analogous  in  composition  and  mode  of  formation  to 
the  chlorotoluenes,  and  exhibit  corresponding  isomerio  modifications. 

Nilrotoluene*. — MononUrotoluene,  C7HT(NOf),  is  formed  by  treating  toluene 
in  the  cold  with  fuming  nitric  acid,  and  separates  on  addition  of  water  as  a 
red  liquid;  but  on  redistilling  this  liquid,  collecting  the  portion  which 
passes  over  below  240°  C.  (464°  F.),  and  dissolving  it  in  alcohol,  it  is  ob- 
tained in  white  shining  crystals,  which  melt  at  54°  C.  (129°  F.J,  and  distil 
without  decomposition  at  238°  C.  (460°  ¥.).  By  the  action  or  ammonium 
sulphide  it  is  converted  into  amido toluene,  or  toluidine,  C7H7(NIL).  Dinitro- 
toluene,  C.H9(NOs)y  and  Trinitrotoluene,  C7HB(NO,)«,  are  crystalline  bodies 
obtained  t>y  treating  toluene  with  hot  fuming  nitric  acid.  The  former  is 
converted  ty  ammonium  sulphide,  into  nitrotoluidine,  C,Hf(NOJ)(NHJ). 

Xylene,  CtHl0.  or  Dimethyl-benzene,  CflH4(CHs)r  or  Methyltoluene,  C7HT 
(CHS).  This  body  is  produced  synthetically  by  the  aotion  of  sodium  on  a 
mixture  of  bromotoluene  and  methyl  iodide : 

C,H4Br .  CHS  +  CH,I  +  Na,  =  NaBr  +  Nal  +  CeH4(CH,)r 

It  is  contained  in  light  coal-naphtha,  and  may  be  prepared  by  subjecting 
the  least  volatile  portion  of  that  which  has  been  distilled  off  in  benzene 
manufactories  to  fractional  distillation,  to  separate  the  portion  which  boils 
•t  about  141°  C.  (286°  F.);  this  portion  is  shaken  up  with  oil  of  vitriol 
containing  a  little  fuming  sulphuric  acid,  which  dissolves  the  xylene  as 
xylene-sulphuric  acid,  CgH^SOj;  this  compound  is  decomposed  by  dry  dis- 
tillation ;  and  the  xylene  which  passes  over  is  purified  by  washing,  drying, 
and  distillation. 

Xylene  is  a  colorless  liquid  of  specific  gravity  0-86  at  19°  C.  (66°  F.), 
ind  boiling  at  189°  C.  (282°  F.).  When  passed  in  the  state  of  vapor 
through  a  red-hot  tube,  it  is  resolved  into  a  mixture  of  several  hydrocar- 
bons, among  which  are  benzene,  toluene,  styrolene,  C9H,,  naphthalene, 
anthracene,  and  its  higher  homologues.  The  formation  of  some  of  these 
products  is  represented  by  the  following  equations: 
42* 
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CgH|Q        —        Hj        =        C|H8 
Xylene.  Styrolene. 

8C.HJ0        —        3H8        =        2C7H8        +        C^H, 
Xylene.  Toluene.  Styrolene. 

Toluene.  Anthracene. 

Xylene  ozidiied  with  a  mixture  of  sulphuric  acid  and  potauium  ckromale 
is  converted  into  terephthalio  acid,  C,Hf04;  dilute  nitric  acid  converts  it 
into  the  intermediate  product,  toluic  acid,  C8H80s : 

CgHfl        -f        O,        =        OH,        -f        C8H80t 
C8HW        +        0§        =      20H,        +        C8Ht04. 

Chlorine  and  bromine  act  upon  xylene  in  the  same  manner  as  upon  toluene, 
forming  substitution  derivatives,  which  are  susceptible  of  a  larger  number 
of  isomeric  modifications  than  those  of  toluene,  inasmuch  as  xylene  con- 
tains two  atoms  of  methyl,  whereas  toluene  contains  only  one ;  but  they 
have  not  been  very  minutely  examined. 

There  are  three  nitrozylenea,  containing  respectively  C8Hf(NO,)t  C8H8 
(NO,)r  and  C,H7(NO,)^  The  first  and  second  are  produced  by  the  action 
of  cold  fuming  nitric  acid  upon  xylene.  Mononitroxylme  is  a  heavy  oil,  eon- 
verted  by  reducing  agents  into  xylidin*,  C.HT(NHS);  dinitroxyltne  is  a  solid, 
which  separates  from  dilute  alcohol  in  shining  crystals,  melting  at  98°. 
Trinitrozylene,  formed  by  treating  xylene  with  a  mixture  of  nitric  and  sul- 
phuric acids,  is  a  crystalline  body,  converted  by  reducing  agents  into  dini- 
troxylidine,  C^NOJ^NH,). 

Ethyl-beniene,  C8H5(CaH8),  isomeric  with  xylene,  is  produced  by  the 
action  of  sodium  on  a  mixture  of  monobromo-beniene  and  ethyl  bromide. 
It  is  a  colorless,  mobile  liquid,  very  much  like^Joluene,  and  boiling  at  183° 
C.  (271°  F.).  By  oxidation  with  potassium  chromate  and  sulphuric  acid  it 
yields  benzoic  acid.  It  is  slowly  attacked  by  bromine,  forming  monobrom- 
ethylbenztne,  C8H4Br(C,H§),  which  is  a  liquid  boiling  at  200°  C.  (892°  F.); 
whereas  monobromo-xylene  boils  at  about  208°  C.  (397°  F.).  Heated  with 
bromine  to  100°,  it  yields  more  highly  brominated  compounds,  which  are 
also  liquid.  There  are  three  nitro-ethyl  benzenes,  which  are  all  liquid  at 
ordinary  temperatures. 

Isomeric  Hydrocarbons,  C0HIr  —  This  formula  includes  the  three  follow- 
ing isomeric  bodies : 

C6H8(CH8)8  C8H4(CA8)(C,H8)  C8H  (C8Hy) 

Trimethyl-benxene.        Methyl-ethyl-ben*ene.       Propyl-benaene. 

The  first  two  have  been  prepared  synthetically. 

Tmmethyl-bknkhb,  CflH8(CHs)r  also  called  Coal-tar  Cumene,  and  Puudo- 
cumene.  —This  hydrocsrbon  is  produced  by  the  action  of  sodium  on  a  mix- 
ture of  monobromoxylene  and  methyl-iodide : 

C.H.BrfCH,),  +  CH8I  +  Na,  =  NaBr  +  Nal  +  CtH8(CH8V 

From  coal-tar  oil  it  is  obtained  by  heating  the  portion  which  passes  orer 
in  fractional  distillation  near  its  boiling-point,,  with  strong  sulphuric  acid, 
decomposing  the  resulting  cumene-sulphuric  acid  by  ^$7*  "*"*- 
lectins  the  product  to  fractional  distillation.  It  boils  at  166 °C.  (881  P.). 
The  same  hydrocarbon  exists  in  Burmese  naphtha.  With  hromme  M  yields 
monoCmotrimethylbenzene,  C8HnBr,  which  crystallises  from  alcohol  m 
Srge  wTte  lamin»,  melting  at  W  C.  (168-  P.).     The  dibrominated  com- 
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pound  appears  to  be  liquid.    No  nitro-derivatives  of  pseudo-cumene  have 
jet  been  obtained. 

Methyl-ethyl-benzenb,  or  Ethyl-tolubne,  CtH4(CHa)(C,HB),  is  pre- 
pared by  the  action  of  sodium  on  a  mixture  of  monobromotoluene  and  ethyl 
bromide.  It  boils  at  169°  C.  (318°  F.),  and  when  oxidized  with  potassium 
chromate  and  sulphuric  acid,  yields  terephthalic  acid. 

Propyl-benzbne,  or  Cumenb,  CeHs(CtH7). — This  hydrocarbon  is  related 
to  cuminic  acid,  C|0H,sO,,  in  the  same  manner  as  benzene  to  benzoio  acid, 
and  is  produced  by  distilling  cuminic  acid  with  excess  of  baryta : 

CwH.,0,    =    CO,    +    C.H,,. 

It  is  also  produced  from  phorone  (CwH140)  by  the  dehydrating  action  of 
phosphoric  oxide: 

G|qH|^0    —    OHj    =    CgH|g. 

Cumene  boils  at  162°-153°  C.  (306°-7°  F.).  By  treatment  with  potassium 
chromate  and  sulphuric  acid,  or  by  prolonged  boiling  with  dilute  nitric  acid, 
it  yields  benzoic  acid.  When  boiled  with  strong  nitric  acid,  it  is  converted  into 
nitro-benzoic  acid.  With  chlorine  it  yields,  according  to  Fittig,*  a  viscid,  non- 
distillable  oil,  probably  consisting  of  C9HltCl€.  Cumene  dissolves  in  fuming 
nitric  acid,  and  water  added  to  the  solution  throws  down  nitrocumenc, 
CfH.,(NO,),  as  a  yellow  oil,  which  by  reduction  yields  amidocumene  or 
cumidine,  C9H„(NHt). 

Mesitylbne. —  This  compound,  likewise  isomeric  with  cumene,  is  pro- 
duced in  small  quantity  by  distilling  acetone  made  up  into  a  paste  with 
sand,  with  strong  sulphuric  acid,  and  is  purified  by  repeated  fractional 
distillation,  finally  over  sodium.  It  is  a  liquid  which  boils  at  1 63°  C.  (826°  F. ), 
and  when  oxidized  with  potassium  chromate  and  sulphuric  acid  yields  acetio 
acid,  but  no  benzoic  acid.  Hence  it  appears  to  have  a  constitution  totally 
different  from  that  of  the  aromatic  hydrocarbons.  Treated  with  cold  fum- 
ing nitric  acid,  not  in  excess,  it  yields  liquid  nitromesitylene,  C9Hn(NO,) ; 
when  dropped  into  cooled  fuming  nitric  acid  it  forms  crystallizable  dini- 
tromesitylene,  C9H,0(NOs)t ;  and  when  treated  in  like  manner  with  a  mix- 
ture of  oil  of  vitriol  and  fuming  nitric  acid,  it  is  converted  into  trinitro- 
mesitylene,  C9H9(NO,)8.  These  three  nitro-compounds,  subjected  to  the 
action  of  reducing  agents,  yield  the  three  amido-compounds,  aniido-mesi- 
tylene,  or  mesidine,  C8H„(NHL),  nitromesidine,  CaH,0(NO.)(NHA  and  dini- 
tromesidine,  C9Hf(NO,)a(NH,). 

Isomeric  Hydrocarbons,  C,0HU. — Theory  indicates  the  existence  of  five 
bodies  of  this  group,  viz.,  tetramethyl-benzene,  dimethyl- ethyl-benzene, 
diethyl-benzene,  methyl-propyl-benzene,  and  quartyl-benzene.  Of  these 
the  second  only  has  been  prepared  synthetically.  Tetramethyl-benzene 
probably  occurs  amongst  the  products  of  the  destructive  distillation  of 
coal;  but  it  has  not  been  isolated.  Cymene,  a  hydrocarbon  existing  in 
various  essential  oils,  is  probably  methyl-propyl-benzene. 

Dimbthyl-ethyl-benzbne,  or  Ethtl-xtlene,  C6H8(CHj),(C2H9),  is  pre- 
pared by  treating  a  mixture  of  monobromoxylene  and  ethyl-bromide  with 
sodium.  It  boils  at  183°-184°  C.  (3Cl°-363°  F.).  With  bromine  it  forms 
heavy  oily  compounds,  and  with  a  large  excess  of  bromine  a  crystalline 
compound.  By  prolonged  warming  with  a  mixture  of  fuming  nitric  and 
sulphuric  acids,  it  yields  a  crystalline  trinitro-derivative,  melting  at  119° 
C.  (246°  F.). 

Cymene.  —  This  name  is  applied  to  two  isomeric  hydrocarbons,  CI0H14, 
agreeing  in  composition,  but  differing  in  some  of  their  physical  and  chem- 
ical properties. 

*  Ann.  Ch.  Pharm.  cxii.  314. 
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*.  Cymene. — This  hydrocarbon  exists,  together  with  cuminio  aldehyde,  in 
the  essential  oil  of  Roman  cumin  ( Cuminum  cyminum),  and  may  be  obtained 
by  distilling  that  oil  with  alcoholic  solution  of  potash,  the  cuminic  aldehyde 
being  converted  into  eymene,  and  the  eymene  which  exists  ready-formed  in 
the  oil  passing  of  er  at  the  same  time : 

8CMH^O      +      K,0      «      2CI0HnKO,      +      CI0HM 
Cuminio  Potassium  Potassium  Cymene. 

aldehyde.  oxide. ,  eliminate. 

«  eymene  is  a  colorless,  strongly  refracting  oil,  of  sp.  gr.  0-86  at  14°  C. 
(57°  P. ),  boiling  at  1 75°-178°  C.  (347°-852°  P. ).  By  prolonged  boiling  with 
dilute  nitric  acid  it  is  converted  into  totuic  acid,  CTHT(CO,H) ;  with  stronger 
nitric  acid  it  yields  nitrotoluic  acid;  and  by  boiling  with  potassium  chro- 
mate  and  sulphuric  acid,  it  forms  terephthalic  acid,  C0IIloO4=C6H4(COa)Efr 
According  to  Sieveking,  it  unites  with  chlorine  and  bromine,  forming  the 
liquid  compounds  C^H^Cl,  and  C^H^r,;  according  to  Pittig  and  Perber, 
it  forms  only  substitution-products.  —  Cold  fuming  nitric  acid  converts  it 
into  liquid  nitrocyraene,  Cl0H„(NO1),  which  is  converted  by  reducing  agents 
into  cymidine,  C^H^NH,).  By  prolonged  heating  with  a  mixture  of  nitric 
and  sulphuric  acids,  it  is  converted  into  dinitrocymene,  CMHts(NOs)r  which 
orystallizes  from  alcohol  in  long  needles  or  laminae,  melting  at  69-5°  C. 
(157°  F.);  by  still  further  treatment  (for  several  days)  with  the  mixed 
acids,  it  appears  to  yield  crystalline  trinitrocymene,  melting  at  107°  C. 

0.  Cymene  is  obtained  by  heating  camphor  in  a  retort  with  sine  chloride : 

Camphor.  Cymene. 

The  product  is  purified  from  lighter  hydrocarbons  by  fractional  distillation. 
0  cymene  boils  at  177°-179°  C.  (861°-35G°  F.).  It  does  not  yield  tereph- 
thalic acid  by  oxidation.  With  bromine  it  easily  forms  the  crystalline  com- 
pound CflHjjBr,.  Nitric  acid  acts  upon  it  in  the  same  manner  as  on 
a  cymene ;  but  IS  dinitrocymene  crystallizes  in  thin  plates  melting  at  90°, 
and  is  easily  converted  into  0  trinitrocymene,  which  crystallizes  from 
alcohol  in  Bhort  thin  prisms  melting  at  112*5°  C.  (284°  F.). 

Amyl-benzene,  C„H16=C6H5(C§H11).— This,  which  is  the  only  known 
aromatic  hydrocarbon  containing  11  carbon  atoms,  is  produced  by  the 
action  of  sodium  on  a  mixture  of  bromobenzene  and  amyl  bromide  diluted 
with  benzene.*  It  has  a  specific  gravity  of  0-86  at  12°  C.  (54°  P.),  and  boils 
at  196°  C.  (883°  P.).  With  chlorine  it  yields  viscid  products;  with  nitric 
acid  in  the  cold  a  liquid,  non-distillable  mononitro-derivate ;  at  higher 
temperatures,  dinitro-amyl-benzene. 


Sixth  Seeies,  C,  H* 


The  only  known  hydrocarbons  of  this  series  are  phenyUae,  C^H^  and 
cinnamene,  or  styrolene,  C8He,  with  its  isomer,  metacinnamene. 

Of  phenylene  very  little  is  known.  A  liquid  having  the  composition 
C6H4,  and  boiling  at  91°  C.  (196°  F.),  was  found  by  Church  f  among  the 
products  of  the  decomposition  of  monochloro-benzene  by  sodium  amalgam. 
It  is  probably  also  formed,  together  with  benzene,  when  diphenyl,  C13HI0, 

*  Fittig  and  TnUens,  Ann.  Ch.  Pbarm.  exxxi.  818. 
f  Journal  of  too  Chemical  Society,  xvi.  76. 
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is  passed  through  a  red-hot  tube,  but  is  subsequently  converted  into  the 
polymeric  body,  chrysene:* 

C^Hjq    =    C*Hg    -|-     CgH4;     and    3CaH4    =■    CUH|S. 
Diphenyl.     Benzene.     Phenylene.      Phenylene.    Chrysene. 

Cinnamon*,  or  Styrolene,  C8Ht,  is  produced — 1.  Synthetically:  a.  By 
passing  a  mixture  of  benzene-vapor  and  ethine,  or  ethene,  through  a  red- 
hot  tube : 

C«Hf    +    C,H,    =    C,H8;  CsHfl    -f    C,H4    =    C,HS    +    Hg 

Benzene.      Ethine.        Cinna-       Benzene.      Ethene.       Cinna- 
mene. mene. 

The  second  method  yields  it  in  larger  quantity  than  the  first. 
0.  In  like  manner,  together  with  benzene,  from  diphenyl  and  ethene :' 

CuHio    +     C,H4    =    C8HS    +    CflHr 

2.  In  the  decomposition  of  xylene  which  takes  place  when  the  vapor  of 
that  compound  is  passed  through  a  red-hot  tube:  C,HW  =  C,Hg  -f  H. 
(p.  497). 

3.  By  distilling  cinnamio  acid  with  baryta,  which  removes  carbon  dioxide : 

CfHfOg    =    CO,    +    CsHr 

4.  Cinnamene  is  contained  in  liquid  storax,  and  may  be  separated  by  dis- 
tilling the  balsam  with  water  containing  a  little  sodium  carbonate,  to  retain 
cinnamic  acid. 

Cinnamene  is  a  very  mobile,  colorless  oil  of  specific  gravity  0*924.  It 
boils  at  145°  C.  (293°  F.),  and  does  not  solidify  at  —20°  C.  (68°  F.).  When 
heated  to  200°  C.  (392°  F.)  in  a  sealed  tube,  it  is  converted  into  a  white, 
transparent,  highly  refractive,  solid  substance,  called  metacinnamene  or 
meia»tyroUne.  This  substance,  when  heated  in  a  small  retort,  yields  a  dis- 
tillate of  pure  liquid  cinnamene.  f 

A  mixture  of  cinnamene  vapor  and  ethene  passed  through  a  red-hot 
tube  yields  large  quantities  of  benzene  and  naphthalene.  The  first  is  pro- 
duced from  the  cinnamene  by  abstraction  of  C2H, ;  the  second  according 
to  the  equation : 


CfH,        +        C,H4        =        CWH8        -f        2H2 


r 


A  mixture  of  cinnamene  and  benzene  vapors,  passed  through  a  red-hot 
porcelain  tube,  yields  anthracene,  CMHM,  together  with  small  quantities  of 
other  products : 

C,H,       +        C,H,       =       CMHW       +       2Hr 

Cinnamene  acts  with  chlorine  and  bromine  like  a  bivalent  radical,  form- 
ing the  compounds  C8H8CL  and  CgHgBrr  which,  when  treated  with  alcoholic 
potash,  give  up  HCi  and  HBr  (like  the  corresponding  ethene-oompounds), 
leaving  chloro-cinnamene,  C8H.Cl,  and  bromo-cinnamene,  C8B7Br.  Accord- 
ing to  Laurent,  cinnamene  yields  with  chlorine  a  hexchloride  of  dichloro- 
cinnamene,  C,H9C]S .  Cle ;  if  this  be  correct,  cinnamene  must  be  regarded 
as  a  sexvalent  radical. — Metacinnamene  is  also  acted  upon  by  bromine, 
bat  with  considerable  difficulty.  —  Both  cinnamene  and  metacinnamene 

•  Berthdnt,  Jahreabericht  fOr  Chemle,  1866,  p.  644. 

f  It  was  formerly  anppoMd  that  cinnamene  prepared  from  cinnamic  acid  was  not  converted 
by  heat  into  a  nolid  modification,  like  styrolene  from  ■torax:  hence  the  two  were  regarded  as 
Isomeric,  not  identical ;  bnt  later  researched  have  shown  that  pure  cinnamene  from  cinnamio 
acid  fa  likewiie  convertible  into  solid  metacinnamene. 
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treated  with  faming  nitric  acid  yield  mononitrate*!  derivatives,  CtHT(NO,) : 
that  obtained  from  einnamene  is  crystalline;  that  from  metacinnameae 
amorphous. 


Sbtehth  Series,  C.H^.^. 

The  only  known  hydrocarbon  belonging  to  this  series  is  one  containing 
CaHjp  which  is  formed  by  dehydration  of  cholesterin,  C— H^O  (a  crystal- 
line compound  contained  in  bile  and  biliary  calculi).  It  has  been  bat  little 
examined. 

Another  member  of  the  same  series,  C^H^,  might  perhaps  be  formed  by 
heating  bromocinnamene  with  sodium  ethylate  (CiH.Br-|-CfH6NaO=NaJJr 
H-OH^C^H^) 


Eighth  Sibms,  CmU^v 

Of  this  series,  also,  only  one  member  is  known  with  certainty,  namely, 
naphthalene,  CMH,,  produced  in  the  distillation  of  coaL  According  to 
Chancel,  two  hydrocarbons,  isomeric  or  polymeric  with  this  body,  are 
formed  in  the  dry  distillation  of  calcium  bensoate ;  bat  they  hare  not  been 
much  studied. 

Naphthalene,  C10Ht. — This  hydrocarbon  is  produced,  as  already  ob- 
served, in  the  decomposition  of  toluene,  xylene,  and  cumene  at  a  red  heat; 
also  by  passing  vapor  of  benzene,  einnamene,  chrysene,  or  anthracene 
through  a  red-hot  tube.  It  is  formed  in  large  quantities  as  a  by-product 
in  the  preparation  of  ooal-gas,  its  production  doubtless  arising  from  reac- 
tions similar  to  those  just  mentioned.  When  the  last  portion  of  the  volatile 
oily  product  which  passes  over  in  the  distillation  of  coal-tar,  is  collected 
apart  and  left  to  stand,  a  quantity  of  solid  crystalline  matter  separates, 
which  is  principally  naphthalene.  An  additional  quantity  may  be  obtained 
by  pushing  the  distillation  until  the  contents  of  the  vessel  begin  to  char; 
the  naphthalene  then  condenses  in  the  solid  state,  but  dark-colored  and 
very  impure.  By  simple  sublimation,  once  or  twice  repeated,  it  is  obtained 
perfectly  white.  In  this  state  naphthalene  forms  large,  colorless,  trans- 
parent, brilliant,  crystalline  plates,  exhaling  a  taint  and  peculiar  odor, 
which  has  been  oompared  to  that  of  the  narcissus.  Naphthalene  melts  at 
80°  C.  (176°  F.)  to  a  clear,  colorless  liquid,  which  crystallites  on  oooling: 
it  boils  at  212®  C.  (414°  F.),  and  evolves  a  vapor  whose  density  is  4-628. 
When  strongly  heated  in  the  air,  it  inflames  and  burns  with  a  red  and  very 
smoky  light.  It  is  insoluble  in  cold  water,  but  soluble  to  a  slight  degree 
at  the  boiling  temperature;  alcohol  and  ether  dissolve  it  easily;  a  hot 
saturated  alcoholic  solution  deposits  fine  iridescent  crystals  on  oooling. 

Naphthalene  dissolves  in  warm  strong  sulphuric  aeia\  forming  two  crys- 
talline acids:  sulphonaphthilio  acid,  C^H^Cy  and  disulphonaphthalio 
acid,  CflHjSjOg,  both  of  which  form  soluble  barium  salt*. 

Naphthalene  unites  directly  with  4  atoms  of  bromine  and  chlorine,  forming 
the  compounds  C10H8C14  and  CMHsBr4.  It  also  forms  a  great  number  of 
substitution-products  with  these  elements,  bromine  being  capable  of  replac- 
ing from  1  to  4,  and  chlorine  from  1  to  8  atoms  of  hydrogen  in  naphthalene; 
there  are  also  several  derivatives  containing  both  bromine  and  chlorine, 
e.g.,  C  H  Br.Cl,.  Many  of  these  substitution-derivatives  are  susceptible 
of  isomeric  modifications  differing  from  one  another  in  their  physical  pro- 
perties. The  chloro-  and  bromo-naphthalenes  are  capable,  like  naphtha- 
lene itself,  of  uniting  with  4  atoms  of  bromine  or  chlorine,  stod  with  2 
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molecules  of  hydrochloric  or  hydrobromio  acid,  forming  such  compounds 
mCwH/H,.*?1*  C,0H4Br,Cl,.2HCl,  &c* 

With  strong  nitric  acid,  naphthalene  yields  the  three  substitution-products, 
CwHT(N0L)t  CjpH^NO,),,  and  CJR§(ROt)v  all  of  which  are  white  crystalline 
solids.  The  first  is  converted  by  reducing  agents  into  amidonaphthalene, 
naphthalidine,  or  naphthylamine,  C|tH7(NHJ). 


Ninth  Skriks,  C,H^.m. 


Two  members  of  this  series  are  known,  viz.,  diphenyl,  CltTlw  and  diben- 
zyJ,  CMHM;  they  are  so  called  because  their  molecules  are  the  doubles  of 
the  hypothetical  monatomio  radicals,  phenjrl,  CfH^  and  beniyl,  C7Hr 

Diphenyl,  GisH,q,  is  produced :  (1)  as  already  observed,  by  passing  ben- 
lene  vapor  through  a  red-hot  tube:  2C6Hf=C11Ht0-f  Hr  (2)  By  the  action 
of  sodium  on  phenyl  bromide  or  monobromobenzene : 

2C6HftBr    +    Na,    =    2NaBr    +    C„H10. 

(3)  Together  with  other  products,  by  the  action  of  alcoholic  potash  on 
nitrate  of  diazobenzene :  f 

2C§H4N,      +      C,HflO      =.      C|tH,o      -f      C,H40      +      2N, 
Diaxobenxenc.         Alcohol  Diphenyl.         Aldehyde. 

Diphenyl  appears  also  to  be  one  of  the  constituents  of  crude  anthracene 
(p.  504),  and  passes  oyer  in  the  distillation  of  that  substance,  at  about 
2eO°C.  (500°  F.) 

Diphenyl  crystallizes  from  alcohol  in  iridescent  nacreous  scales*  which 
melt  at  about  60°  C.  (140°  F.},  sublime  at  a  higher  temperature,  and  boil 
at  about  240°  C.  (464°  F. ).  It  is  converted  by  bromine  into  dibromodiphenyl, 
CBHtBrr  and  by  fuming  nitric  acid  into  dinitro-diphenyl,  C,3H9(NOt)r  The 
latter  is  converted  by  hydrogen  sulphide  into  diamido-diphenyl  or  ben- 
zidine, CnHgfNHj),,  a  crystalline  base,  which,  when  treated  with  nitrous 
acid,  yields  the  nitrate  of  tetrazodiphenyl  or  diazobenzidine : 

C»H„N4    +    2NHO,    =    ClaHeN4    40Hr 
Diamido-  Nitrous  Tetrazo- 

diphenyl. acid.  diphenyl. 

Dibenxyl,  CMHI4,  is  produced  by  heating  benzyl  chloride,  C7HTC1,  or  ben- 
lylidene  bromide,  CyH^Br,  (a  product  of  the  action  of  phosphorus  penta- 
bromide  on  bitter-almond  oil),  with  sodium.  It  is  a  crystalline  solid,  insol- 
uble in  water,  but  soluble  in  alcohol  and  ether ;  melts  at  about  62°  C.  ( 126°  F. ), 
and  distils  without  decomposition  at  284°  C.  (548°  F.).  When  treated  with 
bromine  and  water,  it  yields  the  substitution-products,  C14HlsBr,  GMH|SBrr 
^wHiiBr,,  and  GuH8Brr  all  of  which  are  crystalline  at  ordinary  temperatures, 
except  the  first,  whioh  is  an  oil  solidifying  when  cooled  below  0°.  Dibenzyl 
also  unites  directly  with  bromine,  forming  the  crystalline  compound  C^H^r- 
Fuming  nitric  add  converts  it  into  dinitro-dibenzyl,  C.4Hla(NO,),,  which 
crystallizes  in  needles,  and  is  converted  by  reducing  agents  into  the  corre- 
sponding amido-compound,  GMH12(NHS)S. 

•  8*e  Wattrti  Dictionary  of  Chemistry,  vol.  iv.  p.  A, 
fGife«9Phu.Tt»n».  1864,  put  ill.  p/fo         V 
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Tenth  Seems,  C.H^,,.  * 

Of  this  series  only  one  member  has  hitherto  been  obtained,  vis.,  stObene, 
C,4H1Jt  which  is  formed,  together  with  other  products,  by  heating  benzyl- 
idene  sulphide : 

8CTH,S        =        2CMHn      +    C^HnS      +      2CS,     +     8SH, 
Bensylidene  Btilbene.  Thionessal. 

sulphide. 

It  crystallises  in  colorless  plates  having  a  mother-of-pearl  lustre,  melts 
above  100°,  and  boils  at  292°  C.  (668°  F.).  It  forms  substitution-products 
with  chlorine,  bromine,  and  nitrio  acid,  and  unites  directly  with  chlorine, 
forming  the  compound  C^U^ly 


Elxvkhth  Series,  C.H^.,,. 

Anthracene,  or  Paranaphthalene,  Cl4HIa,  is  produced:  (1)  By  passing  a 
mixture  of  benzene  with  ethene  gas  or  cinnamene  vapor,  or  of  diphenyl  or 
chrysene  vapor  with  ethene  gas,  through  a  red-hot  porcelain  tube ;  also  by 
exposing  a  mixture  of  bensene  and  naphthalene  vapor  to  a  white  heat : 


2cfnf 

Benzene. 

+      C,H4     =     8H, 
Ethene. 

Anthracene. 

Benzene. 

+      C.H,     =      2H, 
Cinnamene. 

-f-      CMH|0 
Anthracene. 

Diphenyl. 

+  „C«H«  =    H« 

Ethene. 

4-     9»*H|« 
Anthracene. 

Chrysene. 

+      C,H4      ==    CtH6 
Ethene.        Bensene 

i.     Anthracene. 

C10H, 

+      8CeHe    =      8H, 

+    2C«H,, 

Also  when  toluene,  xylene,  or  cumene  is  passed  through  a  red-hot  tube 
(pp.  496,  497). 

Anthracene  is  produced  in  the  dry  distillation  of  coal,  bituminous  shale, 
and  wood,  and  is  contained  in  the  last  heavy  and  semifluid  portions  of  the 
tar,  at  first  together  with  naphthalene,  finally  with  chrysene.  A  com- 
mercial product  of  this  kind,  used  as  a  lubricator  for  machinery,  is  yellow, 
soft,  somewhat  like  palm-oil,  and  contains  anthracene,  together  with  several 
of  its  homologues  and  other  hydrocarbons.  To  obtain  pure  anthracene, 
the  crude  commercial  product  is  distilled  from  an  iron  retort,  the  first  and 
last  portions  of  the  distillate  being  rejected,  and  the  intermediate  portion 
crystallized  either  from  alcohol  or  from  coal-oils  boiling  between  100°  and 
120°  C.  (212°-248°  P.). 

Anthracene  forms  small  colorless  micaceous  laminae,  of  sp.  gr.  1-147, 
melting  at  about  213°  C.  (415°  F.),  subliming  slowly  at  100°,  more  quickly 
at  a  stronger  heat,  and  boiling  between  220°  and  230°  C.  (428°-446°  F.).  It 
is  insoluble  in  water,  but  dissolves  easily  in  boiling  alcohol,  more  abundantly 
in  ether,  benzene,  and  volatile  oils,  especially  oil  of  turpentine.  It  forms 
substitution-products  with  bromine  and  chlorine.  Dibromanthracene  unites 
with  bromine,  forming  the  compound  C,4H.Brs .  Brr  and  chloranthracene 
forms  a  hydrochloride  containing  C„HTC1 .  HC1. 

Anthracene,  boiled  with  nitric  acid  tor  some  days,  is  converted  into  ozan- 
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tkraeene,  C14H8Ov  or  CMHB0 .  O,  and  if  fuming  nitrio  acid  be  added  from 
time  to  time,  dmitrozanthraeene,  C1.Hf(NO,),0J,  is  obtained. 

Pyrene,  a  hydrocarbon  obtained  by  Laurent,  together  with  chrysene,  from 
the  least  volatile  portion  of  coal-tar,  appears  to  be  identical  with  anthra- 
cene. 

Crude  anthracene  contains  also  several  hydrocarbons  homologous  with 
anthracene,  and  less  volatile  than  anthracene  itself;  among  others,  methyl- 
anthracene,  CMHIr  or  CMH9(CHS),  which  is  identical  with  the  paranaph- 
thalene  of  Dumas,  and  tetramethyl-anthracene,  or  retene,  C18H|8.  or  CMH9  (CH,)4. 

Relent,  which  is  polymerio  with  benzene,  likewise  occurs  in  thin  unctuous 
scale*  on  fossil  pine-stems  in  beds  of  peat  and  lignite  in  Denmark  and  other 
localities.  It  is  produced  also  in  the  dry  distillation  of  very  resinous  fir 
and  pine-wood,  passing  over  together  with  the  heavy  tar-oil,  and  separating 
in  scales  like  paraffin.  It  is  soluble  in  warm  alcohol  and  ether,  and  dis- 
solves easily  in  oils  both  fixed  and  volatile ;  sulphuric  acid  converts  it  into 
auuiphoretic  acid,  CmU^fifir 


Twelfth  Sebiss,  C.Hi, 

CkryMM,  C,gHlr  is  produced,  together  with  benzene,  by  heating  diphenyl 
for  an  hour  in  a  sealed  tube  filled  with  hydrogen,  the  diphenyl  being  prob- 
ably resolved  in  the  first  instance  into  benzene  and  phenylene,  which  latter 
is  then  polymerised  into  chrysene : 

CmHiq    =    CgHg    -j-     CgH4 ;  and  8CgH.    =    CigH^. 

Dipnenyl.     Benzene.      Phenyl-        Phenyl-      Chrysene. 

ene.  ene. 

Chrysene  is  also  found,  together  with  benserythrene  (p.  498),  in  the 

last  product  obtained  by  the  distillation  of  crude  anthracene,  and  in  the 

residue  left  in  the  retort ;  in  larger  quantity  also  in  the  last  products  of 

the  distillation  of  pitch.     Laurent  likewise  obtained  it  together  with  pyrene 

(anthracene)  by  the  dry  distillation  of  fats  and  resins.     Pure  chrysene  has 

a  fine  yellow  color.     It  is  insoluble  in  alcohol,  nearly  insoluble  in  ether, 

and  is  deposited  from  boiling  oil  of  turpentine  in  yellow  crystalline  flakes. 


APPENDIX  TO  HYDROCARBONS. 
Petroleum,  Naphtha,  and  other  allied  Subetance*. 

Pit-coal,  lignite  or  brown  coal,  jet,  bitumen  of  various  kinds,  petroleum  or 
rock-oil,  and  naphtha,  and  a  few  other  allied  substances  more  rarely  met 
with,  are  looked  upon  as  products  of  the  decomposition  of  organic  matter, 
especially  vegetable  matter,  beneath  the  surface  of  the  earth,  in  situations 
where  the  conditions  of  contact  with  water,  and  nearly  total  exclusion  of 
atmospheric  air,  are  fulfilled.  Deposited  at  the  bottom  of  seas,  lakes,  or 
rivers,  and  subsequently  covered  up  by  accumulations  of  clay  and  sand 
hereafter  destined  to  become  shale  and  gritstone,  the  organic  tissue  under- 
goes a  kind  of  fermentation  by  which  the  bodies  in  question,  or  certain  of 
them,  are  slowly  produced.  Carbon  dioxide  and  marsh-gas  are  bye-pro- 
duots  of  the  reaction ;  hence  their  frequent  disengagement,  the  first  from 
beds  of  lignite,  and  the  second  from  the  further  advanced  and  more  per- 
fect coal. 

The  vegetable  origin  of  coal  has  been  placed  beyond  doubt  by  micro- 
scopic research ;  vegetable  structure  can  be  thus  detected  even  in  the  most 
48 
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massive  and  perfect  varieties  of  eoal  when  cut  into  thin  slices.  In  coal  of 
inferior  quality,  much  mixed  with  earthy  matter,  it  is  evident  to  the  eye. 
The  leaves  of  ferns,  reeds,  and  other  succulent  plants,  more  or  less  resem- 
bling those  of  the  tropics,  are  found  in  a  compressed  state  between  the 
layers  of  shale  or  slaty  clay,  preserved  in  the  most  beautiful  manner,  but 
entirely  converted  into  bituminous  coal.  The  coal-mines  of  Europe,  and 
particularly  those  of  our  own  country,  furnish  an  almost  complete  fossil 
flora — a  history  of  many  of  the  now  loBt  species  which  once  decorated  the 
surface  of  the  earth. 

In  the  lignites  the  woody  structure  is  much  more  obvious.  Beds  of  this 
material  are  found  in  very  many  of  the  newer  strata,  above  the  true  coal, 
to  which  they  are  consequently  posterior.  As  an  article  of  fuel,  brown 
coil  is  of  comparatively  small  value :  it  resembles  peat,  giving  but  little 
flame,  and  emitting  a  disagreeable  pungent  smell. 

Jet,  used  for  making  black  ornaments,  is  a  variety  of  lignite. 

The  true  bitumens  are  destitute  of  organio  structure:  they  appear  to 
have  arisen  from  coal  or  lignite  by  the  action  of  subterranean  heat;  and 
very  closely  resemble  some  of  the  products  yielded  by  the  destructive  dis- 
tillation of  those  bodies.  They  are  very  numerous,  and  have  yet  been  but 
imperfectly  studied. 

1.  Mineral  pitch,  or  compact  bitumen,  the  atphaltum  or  Jew**  pilch  of  some 
authors. — This  substance  occuro  abundantly  in  many  parts  of  the  world — 
as  in  the  neighborhood  of  the  Dead  Sea  in  Judea;  in  Trinidad,  in  the 
famous  pitch  lake,  and  elsewhere.  It  generally  resembles  in  aspect  com- 
mon pitch,  being  a  little  heavier  than  water,  easily  melted,  very  inflam- 
mable, and  burning  with  a  red,  smoky  flame.  It  consists  principally  of  a 
substance,  called  by  Bossingault  asphaltene,  composed  of  C^HpO,.  It  is 
worthy  of  remark,  that  Laurent  found  paranaphthalene  in  a  native  mineral 
pitch. 

2.  Mineral  tar  seems  to  be  essentially  a  solution  of  asphaltene  in  an  oily 
fluid  called  petrolene.  This  liquid  has  a  pale-yellow  color,  and  peculiar 
odor ;  it  is  lighter  than  water,  and  very  combustible,  and  has  a  high  boil- 
ing-point. It  has  the  same  composition  as  the  oils  of  turpentine  and  lemon- 
peel — namely,  CWHM.  Asphaltene  contains,  consequently,  the  elements  of 
petrolene,  together  with  a  quantity  of  oxygen,  and  probably  arises  from 
the  oxidation  of  that  substance. 

8.  Elastic  bitumen;  mineral  caoutchouc.  —  This  curious  substance  has  only 
been  found  in  three  places:  in  a  lead-mine  at  Castleton,  in  Derbyshire ; 
at  Montrelais,  in  France  ;  and  in  the  State  of  Massachusetts.  In  the  two 
latter  localities  it  occurs  in  the  coal  series.  It  is  fusible,  and  in  many  re- 
spects resembles  the  other  bitumens. 

Under  the  names  petroleum  or  rock-oil  and  naphtha  are  arranged  various 
mineral  oils  which  are  observed  in  many  places  to  issue  from  the  earth, 
often  in  considerable  abundance.  There  is  every  reason  to  suppose  that 
these  owe  their  origin  to  the  action  of  internal  heat  upon  beds  of  coal,  as 
they  are  usually  found  in  connection  with  such.  The  term  naphtha  is  given 
to  the  thinner  and  purer  varieties  of  rock-oil,  which  are  sometimes  nearly 
colorless;  the  darker  and  more  viscid  liquids  bear  the  name  of  petroleum. 

Some  of  the  most  noted  localities  of  these  substances  are  the  following : 
The  north-west  side  of  the  Caspian  Sea,  near  Baku,  where  beds  of  marl 
are  found  saturated  with  naphtha.  Wells  are  sunk  to  the  depth  of  about  30 
feet,  in  which  naphtha  and  water  collect,  and  are  easily  separated.  In  some 
parts  of  this  district  so  much  combustible  gas  or  vapor  rises  from  the 
ground,  that,  when  set.  on  fire,  it  continues  burning,  and  even  affords  heat 
for  economical  purposes.  A  large  quantity  of  an  impure  variety  of  petro- 
leum comes  from  the  Birman  territory  in  the  East  Indies:  the  country  con- 
sists of  sandy  clny,  resting  on  a  series  of  alternate  strata  of  sandstone  and 
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shale.  Beneath  these  occurs  a  bed  of  pale-blue  shale  loaded  with  petro- 
leum, which  lies  immediately  on  coal.  A  petroleum-spring  exists  at  Cole- 
brook  Dale,  in  Shropshire,  and  immense  quantities  come  now  from  Canada, 
Pennsylvania,  and  other  parts  of  North  America.  The  sea  near  the  Cape 
de  Verd  Islands  has  been  seen  covered  with  a  film  of  rock-oil.  Fine  speci- 
mens of  naphtha  are  furnished  by  Italy,  where  it  occurs  in  several  places. 

In  proof  of  the  origin  attributed  to  these  substances,  an  old  experiment 
of  Reichenbach  may  be  cited,  who,  by  distilling  with  water  about  100  lbs. 
of  pit-coal,  obtained  nearly  2  ounces  of  an  oily  liquid,  exactly  resembling 
the  natural  naphtha  of  Amiano,  in  Italy.  The  manufacture  of  such  pro- 
duets  (paraffin  oils)  by  distilling  Boghead  and  other  kinds  of  coal  at  a  low 
red  heat,  is  now  conducted  on  a  very  large  scale  (p.  476). 

The  variations  of  color  and  consistence  in  different  specimens  of  rock- 
oil  depend  in  great  measure  upon  the  presence  of  pitchy  and  fatty  sub- 
stances dissolved  in  the  more  fluid  oil. 

The  boiling  point  of  rock-oil  varies  from  about  80°  to  826°.  A  thermom- 
eter inserted  into  a  retort  in  which  the  oil  is  undergoing  distillation,  never 
shows  for  any  length  of  time  a  constant  temperature :  hence  it  is  inferred 
to  be  a  mixture  of  several  different  substances.  Neither  do  the  different 
varieties  of  naphtha  give  similar  results  on  analysis:  they  are  all,  however, 
hydrocarbons,  chiefly  paraffins,  with  smaller  quantities  of  defines  and  aro- 
matic hydrocarbons.  The  use  of  these  substances  in  the  places  where  they 
abound  is  tolerably  extensive ;  they  often  serve  the  inhabitants  for  fuel, 
light,  fto.  To  the  chemist,  pure  naphtha  is  valuable,  as  offering  facilities 
for  the  preservation  of  the  more  oxidable  metals,  as  potassium  and  sodium. 

Among  the  several  naphthas,  the  Burmese  naphtha  (Rangoon  tar)  has  been 
more  particularly  examined  by  De  la  Rue  and  Miiller.  It  consists  princi- 
pally of  liquid  homologues  of  marsh-gas,  including  solid  paraffin,  associ- 
ated with  small  quantities  of  hydrocarbons  of  the  benzene  series,  and  hy- 
drocarbons analogous  to  oolophene.  American  petroleum,  which  has  a 
similar  composition,  but  contains  a  larger  proportion  of  the  homologues 
of  marsh-gas,  has  been  investigated  chiefly  by  Pelouse  and  Cahours  (p. 
476). 

Retinite,  or  Retinasphalt,  is  a  kind  of  fossil  resin  met  with  in  brown  coal : 
it  has  a  yellow  or  reddish  color,  is  fusible  and  inflammable,  and  readily 
dissolved  in  great  part  by  alcohol.  The  soluble  portion  is  called  retinic 
add.  Hatchetin  is  a  somewhat  similar  substance  met  with  in  mineral  coal 
at  Merthyr  Tydvil,  and  also  near  Loch  Fyne,  in  Scotland.  Jdrialin  is  found 
associated  with  native  cinnabar,  and  is  extracted  from  the  ore  by  oil  of 
turpentine,  in  which  it  dissolves.  It  is  a  white,  crystalline  substance, 
scarcely  volatile  without  decomposition,  but  slightly  soluble  in  alcohol  and 
ether,  and  composed  of  C4,H—0 :  it  is  generally  associated  with  a  hydro- 
carbon, idryl,  which  contains  C„HH. 

Ozocerite,  or  fossil  wax,  is  found  in  Moldavia,  in  a  layer  of  bituminous 
shale:  it  is  brownish,  and  has  a  somewhat  pearly  appearance :  it  is  fusible 
below  100°,  and  soluble  with  difficulty  in  alcohol  and  ether,  but  easily  in 
oil  of  turpentine.     It  appears  to  contain  more  than  one  definite  principle. 

Ncfle-degU,  a  substance  resembling  the  former,  occurs  in  immense  quan- 
tities in  the  vicinity  of  the  Caspian  Sea.  Another  compound  of  the  same 
kind  is  found  in  still  larger  quantities  at  Baku,  and  is  called  Kir. 


ALCOHOLS  ANT)  ETHERS. 


THE  term  alcohol,  originally  limited  to  one  substance,  Til.,  spirit  of 
wine,  is  now  applied  to  a  large  number  of  organic  compounds,  many  of 
which,  in  their  external  characters,  exhibit  but  little  resemblance  to  ordi- 
nary alcohol.  They  are  all,  however,  analogously  constituted,  baring  the 
composition  of  saturated  hydrocarbons,  in  which  one  or  more  of  the  hy- 
drogen-atoms are  replaced  by  hydroxy  I :  they  may,  therefore,  also  be  re- 
garded as  compounds  of  hydroxyl  with  univalent  or  multivalent  hydrocar- 
bon radicals,  hence  called  alcohol  radicals.  Thus,  from  propane,  CtH„  are 
derived  the  three  alcohols, 


C,Ht(OH) 

Propyl 
alcohol. 


(C,H,)"(OH), 
Propene 
alcohol. 


(C,H.)'"(OH), 
Propenyl 
alcohol. 


Alcohols  are  accordingly  classed  as  monatomic,  diatomic,  triatomic,  Ac.,  or, 
generally,  as  monatomie  and  polyatomic,  according  to  the  number  of  equi- 
valents of  hydroxyl  which  they  contain ;  or  according  to  the  equivalent 
value  of  their  hydrocarbon  radicals. 

The  replacement,  partial  or  total,  of  the  hydroxyl  in  an  alcohol  by  chlor- 
ine, bromine,  iodine,  or  fluorine,  gives  rise  to  haloid  ethers;  thus: 

From  C8HT(OH)  are  derived  CaH/Jl,  CtH-Br,  &e. 
"     CtHf(OH),         "  C,HfC10H,  C.HiCL,  &c. 

«     (qBHs)(OH)9      "  CjH^ClCOH),,  C,H8Cl,(OH),  CJB&l* 

CjHgB^Cl,,  Ac. 

These  substitutions  are  effected  by  treating  the  alcohols  with  the  chlor- 
ides, bromides,  and  iodides  of  hydrogen  or  phosphorus ;  thus : 

C,H8(OH)        +  HCl        =        H(OH)        +        C.H5C1 

Ethyl  Hydrogen  Water.  Ethyl 

alcohol.  chloride.  chloride. 

8C.H.(OH)        +  PCI,       =        P(OH),       +        SC,H5Cl 

Ethyl  Phosphorous       Phosphorous  Ethyl 

alcohol.  chloride.  acid.  chloride. 


«c, 


asr 

alcohol. 


POC1,      = 
Phosphorous 
oxyohloride. 


PO(OH),      + 
Phosphorous 
acid. 


8C,HgCl 

Ethyl 

chloride. 


Instead  of  the  bromides  and  iodides  of  phosphorus,  the  element*  phos- 
phorus and  bromine  or  iodine,  in  the  proportions  required  to  form  them, 
are  often  used  in  these  processes. 

These  haloid  ethers  are  also  formed  in  many  instances  by  direct  substi- 
tution of  chlorine,  bromine,  &c,  for  hydrogen  in  saturated  hydrocarbons, 
as  explained  in  the  preceding  pageB. 

The  treatment  of  the  haloid  ethers  with  caustic  aqueous  alkalies  gives 
rise  to  a  substitution  opposite  to  that  exhibited  in  the  above  equations, 
reconverting  the  ethers  into  alcohols,  e.  g.  : 

C,H,C1        +        KOH        =        KC1        +        C,H,(OH). 

The  replacement  of  the  hydroxyl  in  an  alcohol  by  the  corresponding 
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radicals,  potassoxyl,  OK,  methoxyl,  OCH3,  ethoxyl,  OC,H6,  &c.  (p.  237), — 
or  of  the  hydrogen  in  the  hydroxy  I  by  potassium,  methyl,  ethyl,  &c,  — 
gives  rise  to  oxygen  ethers;  thus: 

C,H5(OH)  yields  C,H6(OK)        CjH^OCH,)        CjH^OCjH,) 

Ethyl  Potassium  Methyl  Ethyl 

alcohoL  ethylate.  ethylate.  ethylate. 

CA(OH),      «     C,H,(OH)(OC,H,)  C,H4(OC,H,), 

Ethene  Monethylic  Diethylic 

alcohoL  ethenate.  ethenate. 

These  substitutions  may  be  effected  in  various  ways.  The  simplest  is 
to  replace  an  atom  of  hydrogen  in  the  alcohol  by  potassium  or  sodium, 
and  act  on  the  resulting  compound  with  a  haloid  ether;  thus: 

2C,H4(OH)t        +        Na,       =      2CaH4(OH)(ONa)       +        H„ 
Cthene  Sodium 

alcohol.  ethenate. 

C,H4(OH)(ONa)     +    C,H8I    =    Nal    +    C,H4(OH)(OC,H8) 
Sodium  Ethyl         Sodium  Monethylic 

ethenate.  iodide.        iodide.  ethenate. 

In  the  polyatomic  alcohols,  two  equivalents  of  hydroxyl  may  also  be  re- 
placed by  one  atom  of  oxygen,  giving  rise  to  another  class  of  oxygen 
ethers;  thus,  from  ethene  alcohol,  CsH4(OH)y  is  derived  elhene-oxide, 
CsH40. 

The  replacement  of  the  hydrogen  of  the  hydroxyl  in  an  alcohol  by  acid 
radicals  (p.  469),  produces  ethereal  ealU  or  compound  ethers:  thus  from 
methyl  alcohol,  CHs(OH),  are  derived: 

H  0 

Methyl  nitrate,  CH,(ONO,)t  or  H— C— 0— N 

H  0 

H  OH 

Methyl  acetate,  CHt(0CaH80),  or  H— C— 0— C— C— H 

H  H 

H  0 

Acid  methyl  sulphate,  CH8(OSO,H),  or  H— C— O— S— 0— H 

H  0 

H  0  H 

Keutral  methyl  sulphate,  CH8(OS08CH8),  or  H— C— 0— S— O— C— H 

H  0  H 

It  is  clear  that  these  ethereal  salts  may  be  derived  from  the  corresponding 
acids  by  substitution  of  alcohol-radicals  for  hydrogen,  being  in  fact  related 
to  the  alcohols  in  the  same  manner  as  metallic  salts  to  metallic  hydrates 
(p.  469).  When  distilled  with  alkalies,  they  are  resolved  into  an  acid  and 
alcohol ;  e.  g. : 
48* 
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CfiJOC^fi)    +    K(OH)     —    K(OCfHtO)    +    C,Hg(OH) 
Ethyl  Acetate.         Potassium  Potassium  Ethyl 

hydrate.  acetate.  alcohol. 

The  action  of  haloid  ethers,  or  of  certain  ethereal  salts,  on  the  sulph- 
hydrates  and  sulphides  of  the  alkali-metals,give8  rise  to  alcoholic  ntlph-hydTate* 
and  sulphides,  that  is  to  say,  alcohols  and  ethers  containing  sulphur  in  place 
of  oxygen;  thus: 

CLHftCl    +    KSH    =r    KC1    -f    C,H§SH 
Ethyl  Ethyl 

chloride.  •ulph-hydrate. 

2C,H.OSO,K    +    KSK    -"    2KOSOaK    +    C^CjH, 
Potassium  ethyl      Potassium      Potassium  Ethyl  sul- 

sulphate.  sulphide.       sulphate.  phide. 

The  alcoholic  sulph-hydrates,or  sulphur-alcohols,are  also  called  sicrcaptaa*, 
of  r 


from  their  property  of  readily  combining  with  mercury  (corpora 

apta).    Their  reactions  are  closely  analogous  to  those  of  the  oxygen- 

alconols. 


MONATOMIG  ALCOHOLS  AND  ETHERS. 
L  Containing  the  radicals  C.H»+„  homologous  with  Methyl. 

The  alcohols  of  this  series  are  the  best  known  and  most  important  of  all 
this  class  of  bodies.  They  may  be  formed  from  the  corresponding  haloid 
ethers  by  the  action  of  alkalies,  and  several  of  them  are  produced  by  the 
fermentation  of  sugar.  There  are  also  synthetical  processes  by  which  these 
alcohols  may  be  built  up  in  regular  order,  from  the  lowest  upwards ;  but 
these  will  be  better  understood  further  on. 

The  names  and  formulas  of  the  known  alcohols  of  this  series  are  as  follows: 

Methyl  alcohol CHX) 

Ethyl  alcohol C^O 

Propyl  alcohol C8H80 

Quartyl  or  Butyl  alcohol    ....  C4H„0 

Quintyl  or  Amyl  alcohol  .        .        .  CsH,,0 

Sextyl  or  Hexyl  alcohol     ....  CcHuO 

Septyl  or  Heptyl  alcohol         .         .        .  C^gO 

Octyl  alcohol C8HltO 

Nonyl  alcohol CfH»° 

Sexdecyl  or  Cetyl  alcohol  ....  C^H^O 

Ceryl  alcohol C*Hsi0 

Melissyl  alcohol CstHeiO. 

The  first  nine  of  these  alcohols  are  liquid  at  ordinary  temperatures. 
Methyl  and  ethyl  alcohols  are  mobile,  watery  liquids ;  the  others  are  more 
or  less  oily,  the  viscidity  increasing  with  the  molecular  weight;  cetyl  alcohol 
is  a  solid  fat ;  ceryl  and  melissyl  alcohols  are  of  waxy  consistence. 

The  formula  of  methyl  alcohol  is  that  of  methane  or  marsh-gas  haying 
one  atom  of  hydrogen  replaced  by  hydroxyl ;  and  the  rest  may  be  derived 
from  it  by  replacement  of  one  or  more  of  the  other  hydrogen-atoms  by 
methyl  and  its  homologues.  If  we  replace  only  one  atom  of  hydrogen  in 
this  manner  we  obtain  the  series: 


MONATOMIC  ALCOHOLS  AND  ETHERS.  511 

Methyl  Ethyl  Propyl  Quartyl  Quintyl 

alcohol.         alcohol.  alcohol.  alcohol.  alcohol. 

CHaCHt         t  CHaCH,CH,      (  CHjCHjCHjCH, 

H 


H 
OH  (OH  (  OH 


1H  (  CHt  (  CI 

s  «  s  «  s 
OH  (OH  (  0] 

(OH  (  OH  (OH  (OH  (OH 

Now,  it  is  clear  thai,  so  long  as  the  type  of  an  alcohol  is  presenred  — 
that  is,  of  a  hydrocarbon  having  at  least  one  hydrogen -atom  replaced  by 
hydroxyl — the  first  two  alcohols  of  this  series  do  not  admit  of  any  other 
mode  of  formulation :  in  other  words,  these  two  bodies  are  not  susceptible 
of  isomeric  modifications.  But  with  regard  to  the  higher  members  of  the 
series  the  case  is  different.  Thus,  to  obtain  the  formula  of  the  three-car- 
bon alcohol,  CsHtO,  instead  of  replacing  one  hydrogen-atom  in  methyl 
alcohol  by  ethyl,  we  may  replace  two  hydrogen-atoms  by  methyl,  which 


1CH,  (  CH,CHt 

£?•  instead  of  C  •)  JJ  ;  and 

OH  (  OH 

in  like  manner  for  the  four-carbon  alcohol,  C4Hl00,  we  obtain  the  three 
modifications : 

Primary.  Secondary. 

fCH,CH,CHt  /  CHaCHt 

H  CJHHS  CJSJ 

OH  (  OH 

An  alcohol  is  said  to  be  primary,  secondary,  or  tertiary ;  according  as  the  car- 
bon-atom which  is  in  combination  with  hydroxyl,  is  likewise  directly  combined  with 
©**,  two,  or  three  other  carbon-atoms. 

The  five-carbon  alcohol,  and  those  above  it,  are  likewise  susceptible  of 
the  same  three  modifications,  and  no  more,  inasmuch  as  the  carbon-atom 
combined  with  hydroxyl  has  only  three  other  units  of  equivalency  to  dis- 
pose of. 

There  is  still,  however,  another  kind  of  modification  of  which  the  alco- 
hols of  each  of  these  three  groups  are  susceptible,  arising  from  modifica- 
tions in  the  alcohol-radicals  themselves,  already  noticed  in  connection  with 
the  paraffins  (p.  478).  The  primary  four-carbon  alcohol,  for  example,  may 
he  represented  by  either  of  the  formulas : 

1CH2CH2CHg  f  CH(CHt), 

:  °js 

OH  (  OH 

Each  of  these  fulfils  the  essential  condition  of  a  primary  alcohol ;  but 
the  first  contains  normal  propyl,  CFL(C,H5),  whereas  the  second  contains 
isopropyl,  CH(CH,)2 ;  and  in  the  higher  alcohols  it  is  easy  to  see  that  a 
still  larger  number  of  modifications  may  exist ;  but  only  a  very  few  of  them 
have  hitherto  been  actually  obtained.  The  methods  of  producing  secondary 
and  tertiary  alcohols,  and  the  differences  of  character  exhibited  by  the 
seTeral  modifications,  will  be  explained  further  on. 
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A  very  convenient  nomenclature  for  these  isomeric  alcohols  has  been 
proposed  bj  Kolbe.  Methyl  alcohol,  CHs(OH),  is  called  carbinol;  and  the 
primary  alcohols  formed  from  it  by  successive  substitution  of  methyl,  ethyl, 
Ac,  for  an  atom  of  hydrogen,  are  named  according  to  the  radicals  which 
they  contain ;  thus, 

Carbinol,  or  Methyl  alcohol  ....  C(OH)Hs 

Methyl  carbinol,  or  Ethyl  alcohol  .        .  C(OH)H,CH, 

Ethyl  carbinol,  or  Propyl  alcohol  .        .  CfOHjHjCjH, 

Dimethyl  carbinol,  or  Isopropyl  alcohol        •  C(OH)H(CHt), 

Propyl  carbinol,  or  Quartyl  alcohol      .         .  CrOHjH^C-Uj) 

Isopropyl  carbinol,  or  Isoquartyl  alcohol  C(OH)HtCU(CHt)1 
Methyl-ethyl  carbinol,  or  Secondary  Quartyl 

alcohol C(OH)HCHJC,Hs 

Trimethyl  carbinol,  or  Tertiary  Quartyl  al- 
cohol    qOHXCHJ,. 
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Methyl  Alcohol,  Hydroxymethane,  or  Carbinol,  CH40  or  CHt(OH).— This 
is  the  simplest  member  of  the  series.  It  is  produced:  1.  From  marsh-gas, 
by  subjecting  that  compound  to  the  action  of  chlorine  in  sunshine,  whereby 
chloromethane,  or  methyl  chloride,  CHtCl,  is  produced,  and  distilling  this 
chloride  with  potash. 

2.  From  wintergreen  oil,  which  consists  chiefly  of  acid  methyl  salicy- 
late, CTH40  .  H .  CH8,  by  distillation  with  potash,  whereby  potassium  salicy- 
late is  formed,  and  methyl  alcohol  distils  over: 

CtH4Ot.H.CHt      -f      KOH      =      CtH4Ot.H.K      +      CHt(OH) 
Acid  methyl  Potassium  Acid  potassium 

salicylate.  hydrate.  salicylate. 

This  reaction,  which  consists  in  the  interchange  of  methyl  and  potassium, 
yields  very  pure  methyl  alcohol. 

8.  From  crude  wood-vinegar,  the  watery  liquid  obtained  by  the  destruc- 
tive distillation  of  wood :  it  was  in  this  liquid  that  methyl  alcohol  was  first 
discovered  by  P.  Taylor,  in  1812:  hence  it  is  often  called  wod-ipmL 
Crude  wood-vinegar  probably  contains  about  y^  part  of  methyl  alcohol, 
which  is  separated  from  the  great  bulk  of  the  liquid  by  subjecting  the 
whole  to  distillation,  and  collecting  apart  the  first  portions  which  pass 
over.  The  acid  solution  thus  obtained  is  neutralised  with  slaked  lime,  and 
the  clear  liquid,  separated  from  the  oil  which  floats  on  the  surface,  and 
from  the  sediment  at  the  bottom  of  the  vessel,  is  again  distilled.  A  vola- 
tile liquid  is  thus  obtained,  which  burns  like  weak  spirit;  this  maybe 
strengthened  by  rectification,  and  ultimately  rendered  pure  and  anhydrous 
by  careful  distillation  from  quicklime  at  the  heat  of  a  water-bath. 

Pure  methyl  alcohol  is  a  colorless,  thin  liquid,  very  similar  in  smell  and 
taste  to  ethyl  alcohol ;  crude  wood-spirit,  on  the  other  hand,  which  contains 
many  impurities,  has  an  offensive  odor  and  a  nauseous,  burning  taste. 
Methyl  alcohol  boils  at  66-6°  C.  (152°  F.),  and  has  a  density  of  0-798  at 
20°  C.  (68°  F.).  Vapor-density  (referred  to  hydrogen)  =  16.  Methyl 
alcohol  when  pure  mixes  in  all  proportions  with  water:  it  dissolves  resins  a 
and  volatile  oils  as  freely  as  ethyl  alcohol,  and  is  often  substituted  for  ethyl '  _ 
alcohol  in  various  processes  in  the  arts,  for  which  purpose  it  is  prepared****  ^ 
on  a  large  scale.  It  may  be  burnt  instead  of  ordinary  spirit  in  lampszP"^ 
the  flame  is  pale-colored,  like  that  of  ethyl  alcohol,  and  deposits  no  soot/  *°i  Wa 
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Methyl  alcohol  dissolves  caustic  baryta:  the  solution  deposits,  by  evapora- 
tion in  a  vacuum,  acicular  crystals,  containing  BaO .  2CH40.  It  dissolves 
calcium  chloride  in  large  quantity,  and  gives  rise  to  a  crystalline  compound 
containing,  according  to  Kane,  CaCl,.2CH40. 

Potassium  and  sodium  dissolve  in  it,  with  evolution  of  hydrogen  yielding 
potassium  and  sodium  methylates  or  methyl  ethers,  CUsOK,  and  CH,ONa. 

Bj  oxidation,  as  by  exposure  to  the  air  in  contact  with  platinum  black, 
it  is  converted  into  formic  acid,  CHaO„  or  GHO .  OH,  which  is  derived  from 
it  by  substitution  of  1  atom  of  oxygen  for  2  atoms  of  hydrogen: 

CH40        +        0,        =        OH,        +        CH,Or 

Kethyl  Chloride,  or  Chloromethane,  CHtCl,  is  formed,  according  to  Ber- 
thelot,  when  a  mixture  of  equal  volumes  of  methane  (marsh-gas)  and 
chlorine  is  exposed  to  reflected  sunlight.  It  is  more  easily  prepared,  how- 
ever, by  heating  a  mixture  of  2  parts  of  common  salt,  1  part  of  wood- 
spirit,  and  3  parts  of  concentrated  sulphuric  acid.  It  is  a  gaseous  body, 
which  may  be  conveniently  collected  over  water,  as  it  is  but  slightly  soluble 
in  that  liquid.  It  is  colorless ;  has  a  peculiar  odor  and  sweetish  taste,  and 
burns,  when  kindled,  with  a  pale  flame,  greenish  towards  the  edges,  like 
most  combustible  chlorine-compounds.  Its  density,  referred  to  hydrogen 
as  unity,  is  25-25;  it  is  not  liquefied  at  — 18°  C.  (0°  F.).  The  gas  is  decom- 
posed by  transmission  through  a  red-hot  tube,  with  slight  deposition  of 
carbon,  into  hydrochloric  aoid  gas  and  a  hydrocarbon  which  has  been  but 
little  examined.  By  the  action  of  chlorine  in  sunshine  it  is  successively 
converted  into  methene  chloride,  or  dichloromethane,  CH,C1,,  a  liquid  boiling 
at  30-5°  C.  (87°  F.) ;  mfthenyl  chloride,  trichloromethane,  or  chloroform,  CHC1,; 
and  carbon  tetrachloride,  CC14. 

Methyl  Iodide,  or  Iodomethane,  CHtI,  is  a  colorless  and  feebly  combustible 
liquid,  obtained  by  distilling  together  1  part  of  phosphorus,  8  of  iodine, 
and  12  or  15  of  wood-spirit.  It  is  insoluble  in  water,  has  a  density  of 
2287,  and  boils  at  40°  C.  (111°  FA  The  density  of  its  vapor,  referred  to 
sjdrogen  as  unity,  is  71.  When  digested  in  sealed  tubes  with  zinc,  it  yields 
a  colorless  gaseous  mixture  containing  ethane,  or  dimethyl,  C,Hf,  and  the 
residue  contains  lino  iodide,  together  with  smc  met  hide,  Zn(CHt)r  a  very 
Tolatile  liquid,  which  takes  fire  spontaneously  in  contact  with  the  air : 


2CH.I 

+ 

Zn 

= 

Znl, 

t 

C,H, 

2CHtI 

+ 

Znt 

= 

Znls 

Zn(CH,)r 

Methyl  Ether,  Methyl  Oxide,  or  Methoxyl-methane,  CtH90  =  (CHs),0 
fH 


=  C 


„.  — This  compound,  which  bears  the  same  relation  to  methyl  alco- 


tOCH, 

iol  that  anhydrous  potassium  oxide  bears  to  potassium  hydrate,  is  produced 
ty  abstraction  of  the  elements  of  water  from  methyl  alcohol:  2CH40  — 

To  prepare  it,  1  part  of  wood-spirit  and  4  parts  of  concentrated  sul- 
furic acid  are  mixed  and  exposed  to  heat  in  a  flask  fitted  with  a  perfe- 
cted cork  and  bent  tube :  the  liquid  slowly  blackens,  and  emits  large  quali- 
ties of  gas,  which  may  be  passed  through  a  little  strong  solution  of  caustic 
*ash,  and  collected  over  mercury.  This  is  methyl  ether,  a  permanently 
Meous  substance,  which  does  not  liquefy  at  —16°  C.  (8°  F.).  It  is  color- 
K  has  an  ethereal  odor,  and  burns  with  a  pale  and  feebly  luminous  flame, 
is  specific  gravity  is  1-617  referred  to  air,  or  23  referred  to  hydrogen  as 
fcty.  Cold  water  dissolves  about  83  times  its  volume  of  this  gas,  acquiring 
lereby  its  characteristic  taste  and  odor :  on  boiling  the  solution,  the  gas 
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is  again  liberated.  Alcohol,  wood-spirit,  and  concentrated  sulphuric  acid 
dissolve  it  in  still  larger  quantity. 

O 
Methyl  Hitrate,  CUs.NO„  or  CH,.ONOr  or  HtC— 0— N  —  This  ether  is 

O 

obtained  by  distilling  50  grams  of  pounded  nitre  with  50  grams  of  wood- 
spirit  and  100  grams  of  sulphuric  acid,  in  a  retort  without  external  heat- 
ing. It  is  a  colorless  liquid  of  sp.  gr.  1-182  at  20°  C.  (68°  F.);  boils  at  6G° 
0.  (151°  F. ) :  has  a  faint  ethereal  odor.  Its  vapor  detonates  violently  when 
heated  to  160°  C.  (302°  F).  Heated  with  akoholtc  ammonia,  it  yields  me- 
thyl amine  nitrate,  CH6N.N0,H.  Distilled  with  aqueous  potash,  it  yields 
methyl  ether. 

Methyl  Sulphates, — Sulphuric  acid  being  a  bibasic  acid,  yields  two 
methyl  ethers  —  one  acid,  the  other  neutral. 

Acid  methylsulphate,  Methyl  and  Hydrogen  sulphate,  McthyUulphuric  add,  or 

O 

Sulphomethylie  acid,  CH,.H.S04,  or  CHj.OSOgHcrr^C— O— S— OH.— To 


4 


prepare  this  acid  ether,  1  part  of  wood-Bpirit  is  slowly  mixed  with  2  parts 
of  concentrated  sulphuric  acid,  and  the  whole  is  heated  to  ebullition,  and 
left  to  cool,  after  which  it  is  diluted  with  water,  and  neutralized  with 
barium  carbonate.  The  solution  is  filtered  from  the  insoluble  sulphate, 
and  evaporated,  first  in  a  water-bath,  and  afterwards  in  a  vacuum  to  the 
proper  degree  of  concentration.  The  salt  crystallizes  in  beautiful,  square, 
colorless  tables,  containing  (CH8)tBa//804.20Ht,  which  effloresce  in  dry 
air,  and  are  very  soluble  in  water.  By  exactly  precipitating  the  base  from 
this  substance  with  dilute  sulphuric  acid,  and  leaving  the  filtered  liquid  to 
evaporate  in  the  air,  methylsulphuric  acid  may  be  procured  in  the  form  of 
a  sour,  syrupy  liquid,  or  in  minute  acicular  crystals,  very  soluble  in  water 
and  alcohol.  It  is  very  instable,  being  easily  decomposed  by  heat.  Potas- 
sium methylsulphate,  CHtKS04,  crystallizes  in  small,  nacreous,  deliquescent 
rhombic  tables.  The  lead-tall  is  also  very  soluble. 
Neutral  Methyl  sulphate,  or  Dimethylic  sulphate,  (CH^SO*,  or  CH, .  OSOf 


;fC— O— S— O— CHr— \ 


or  H,C— O— S— O— CHr— This  ether  is  prepared    by  distilling  1 


part  of  wood-spirit  with  8  or  10  parts  of  strong  oil  of  vitriol;  the  dis- 
tillation may  be  carried  nearly  to  dryness.  The  oleaginous  liquid  found 
in  the  receiver  is  agitated  with  water,  and  purified  by  rectification  from 
powdered  caustic  baryta.  The  product  is  a  colorless,  oily  liquid,  of  alli- 
aceous odor,  having  a  density  of  1*824,  and  boiling  at  188°  C.  (370°  F.). 
It  is  neutral  to  test  paper,  and  insoluble  in  water,  but  decomposed  by  that 
liquid,  slowly  in  the  cold,  rapidly  and  with  violence  at  a  boiling  tempera- 
ture, into  methylsulphuric  acid  and  wood-spirit.  Anhydrous  lime  and 
baryta  have  no  action  on  this  ether :  their  hydrates,  however,  and  those 
of  potassium  and  sodium,  decompose  it  instantly,  with  production  of  a 
methylsulphate  of  the  base,  and  methyl  alcohol.  When  neutral  methyl- 
sulphate  is  heated  with  common  salt,  it  yields  sodium  sulphate  and  methyl 
ehloride ;  with  mercuric  cyanide,  or  potassium  cyanide,  it  gives  a  sulphate 
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of  the  base,  and  methyl  cyanide;  with  dry  sodium  formate,  it  yields  sodium 
sulphate  and  methyl  formate 

Methyl  Borate,  (CH8)sB03  ==  B'^OCH,),,  is  formed  by  the  action  of 
gaseous  boron  chloride  on  anhydrous  methyl  alcohol.  It  is  a  limpid  liquid, 
of  specific  gravity  0-9551  at  0°,  boiling  at  72°  C.  (162°  F.).  Water  decom- 
poses it  into  boric  acid  and  methyl  alcohol. 

Methyl  Phosphates. — Two  methyl  phosphates  have  been  obtained,  viz., 
methylphosphoric  acid,  (PO)///(OH),(OCH8),  and  dimethylphosphoric  acid, 
(PO)///(OH)(OCH.)r  They  are  formed  by  the  action  of  phosphorus  oxy- 
chloride  on  methyl  alcohol  under  different  circumstances. 

Methyl  Silicate,  Siu(OCHA,  is  obtained  by  acting  upon  perfectly  pure 
and  dry  methyl  alcohol  with  silicium  tetrachloride,  and  distilling  the  pro- 
duct. It  is  a  colorless  liquid,  of  pleasant,  ethereal  odor,  specific  gravity 
1-0539  at  0°,  distilling  between  121°  and  126°  C.  (250°-258°  F.).  It  dis- 
solves with  moderate  facility  in  water,  and  the  solution  does  not  become 
turbid  from  separation  of  silica  for  some  weeks.  Its  observod  vapor-den- 
sity is  5-38  referred  to  air,  or  812  referred  to  hydrogen,  the  calculated 
number  being  804. 

Hexmethyl-dUUicic  ether,  (CH8)fSi,07,  or  Si!*aO(OCHt)r  is  produced,  to- 
gether with  the  compound  last  described,  when  the  methyl  alcohol  used  is 
not  quite  dry.  It  boils  at  201°  to  202-5°  C.  (294°-295°  F.)(  and  has  a  density 
of  1-1441  at  0°.    In  other  respects  it  resembles  the  preceding. 

Methyl  Sulph-hydrate,  CH,SH,  also  called  Methyl  Mercaptan.— This  com- 
pound, which  has  the  composition  of  methyl  alcohol  with  the  oxygen  re- 
placed by  sulphur,  is  formed  by  distilling  in  a  water-bath,  with  efficient 
condensation,  a  mixture  of  calcium  methylsulphate  and  potassium  sulph- 
hydrate  : 

(S04)2(CH,)2Ca"  +  2KSH  =  S04K,  +  804Ca  +  2CH,SH. 

It  is  a  liquid  lighter  than  water,  and  having  an  extremely  offensive  odor. 
It  forms  wi.h  lead-acetate  a  yellow  precipitate,  and  with  mercuric  oxide  a 
white  compound,  (CH3)2S1Hg//,  which  crystallizes  from  alcohol  in  shining 
laminae. 

Methyl  Sulphide,  S(CH8)r  or  HgCSCH^  is  obtained  by  passing  gaseous 
methyl  chloride  into  a  solution  of  potassium  monosulphide  in  wood-spirit. 
It  is  a  colorless,  mobile,  fetid  liquid,  of  specific  gravity  0*845  at  21°  G. 
(76°  F.),  boiling  at  41°  C.  (106°  F.),  It  forms  several  substitution-pro- 
ducts with  chlorine. 

Methyl  Bitulphide,  (CHj)^  is  prepared  by  passing  gaseous  methyl  chlor- 
ide through  an  alcoholic  solution  of  potassium  bisulphide.  It  is  a  limpid, 
strongly  refracting  liquid,  having  a  specific  gravity  of  1  -046  at  18°,  and  an 
intolerable  odor  of  onions;  boils  between  116°  and  118°.  It  forms  substi- 
tution-products with  bromine  and  chlorine. 

By  substituting  pentasulphide  for  bisulphide  of  potassium  in  the  preced- 
ing preparation,  a  trisulphide  of  methyl,  (CH,)J3.,  is  obtained,  boiling  at 
about  200°. 
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Ethyl  Alcohol,  Hydroxyl-ethane,  or  Methyl  Carbinol, 

ch  r  ^^* 

C,H,0  =  C,H,(OH)    =      I    '  =  cJg 

CH,(OH)  (£H 
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This  important  compound,  the  oldest  and  best  known  of  the  whole  group 
of  alcohols,  and  generally  designated  by  the  simple  name  "alcohol,"  is 
produced : 

1.  From  ethene,  C,H«»  by  addition  of  the  elements  of  water.  When 
ethene  gas  and  strong  sulphuric  acid  are  violently  agitated  together  for  a 
long  time,  the  gas  is  absorbed,  and  ethylsulphurio  acid,  C.H€S04.  is  pro- 
duced ;  and  this  compound,  distilled  with  water,  yields  sulpnuric  acid  and 
ethyl  alcohol: 

CjH^      +      0Hf      =      S04H,      +      CtHfO. 

Now  we  have  seen  that  ethene  can  be  formed  by  addition  of  hydrogen 
to  ethine,  CtHr  which  is  itself  formed  by  direct  combination  of  carbon  and 
hydrogen.  It  follows,  therefore,  that  alcohol  can  be  produced  syntheti- 
cally from  its  elements. 

2.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a  moderately 
warm  solution  of  cane-sugar  or  grape-sugar  (glucose)  is  mixed  with  cer- 
tain albuminous  matters,  as  blood,  white  of  egg,  flour-paste,  and  especially 
beer-yeast,  in  a  state  of  decomposition,  a  peculiar  process,  called  fermenta- 
tiony  is  Bet  up,  by  which  the  sugar  is  resolved  into  ethyl  alcohol  and  carbon 
dioxide.  In  the  case  of  glucose,  these  products  result  from  a  simple  split- 
ting up  of  the  molecule : 

CfHwOf        =        2CO,        +        20^0. 

Glucose.  Carbon  Alcohol 

dioxide. 

Cane  sugar,  CnH]sO,f,  is  first  converted  into  glucose  by  assumption  of 
water  (C„HMOu  -f  OH,  =  2C9HU06),  and  the  latter  is  then  decomposed  as 
above.* 

If  ordinary  cane-sugar  be  dissolved  in  a  large  quantity  of  water,  a  dne 
proportion  of  active  yeast  added,  and  the  whole  maintained  at  a  tempera- 
ture of  21°-26°  C.  ( 70°-80°  F.)t  the  change  will  go  on  with  great  rapidity. 
The  gas  disengaged  is  nearly  pure  carbon  dioxide :  it  is  easily  collected 
and  examined,  as  the  fermentation,  once  commenced,  proceeds  perfectly 
well  in  a  close  vessel,  such  as  a  large  bottle  or  flask  fitted  with  a  cork  and 
a  conducting-tube.  When  the  effervescence  is  at  an  end,  and  the  liquid 
has  become  clear,  it  will  yield  alcohol  by  distillation. 

The  spirit  first  obtained  by  distilling  a  fermented  saccharine  liquid  is 
very  weak,  being  diluted  with  a  large  quantity  of  water.  By  a  second  dis- 
tillation, in  which  the  first  portions  of  the  distilled  liquid  are  collected 
apart,  it  may  be  greatly  strengthened :  the  whole  of  the  water  cannot, 
however,  be  thus  removed.  The  strongest  rectified  spirit  of  wine  of  com- 
merce has  a  density  of  about  0*886,  and  yet  contains  18  or  14  per  cent,  of 
water.  Pure  or  absolute  alcohol  may  be  obtained  from  it  by  redistilling  it 
with  half  its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  coarse 
powder,  and  put  into  a  retort ;  the  alcohol  is  added,  and  the  whole  mixed 
by  agitation.  The  neck  of  the  retort  is  securely  stopped  with  a  cork  and 
the  mixture  left  for  several  days.  The  alcohol  is  distilled  off  by  the  heat 
of  a  water-bath. 

Pure  alcohol  is  a  colorless,  limpid  liquid,  of  pungent  and  agreeable  taste 
and  odor ;  its  specific  gravity,  at  15-5°  C.  (60°  F.),  is  0-7988,  and  that  of  its 
vapor  referred  to  air,  1*613.  It  is  very  inflammable,  burning  with  a  pale- 
bluish  flame,  free  from  smoke ;  it  has  never  been  froien.  Alcohol  boils  at 
78-4°  C.  (178°  F.)  when  in  the  anhydrous  state  ;  in  a  diluted  state  the  boil- 

•  Bide  by  side  with  this  principal  decomposition,  a  variety  of  other  changes  are  simultane- 
ously accomplished.  According  to  Pasteur,  glycerine,  succinic  acid,  cellulose,  fats,  and  ooc*> 
sionally  lactic  acid,  are  observed  nmonir  the  products  of  alcoholic  fermentation.  Bom*  of  to* 
homologues  of  ethyl  alcohol  are  also  found  among  the  products. 
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ing  point  is  higher,  being  progressively  raised  by  each  addition  of  water. 
In  the  act  of  dilution  a  contraction  of  volume  occurs,  and  the  temperature 
of  the  mixture  rises  many  degrees :  this  takes  place  not  only  with  pure 
alcohol,  but  also  with  rectified  spirit.  Alcohol  is  miscible  with  water  in 
all  proportions,  and,  indeed,  has  a  great  attraction  for  the  latter,  absorb- 
ing its  vapor  from  the  air,  and  abstracting  the  moisture  from  membranes 
and  other  similar  substances  immersed  in  it.  The  solvent  powers  of  alco- 
hol are  very  extensive  :  it  dissolves  a  great  number  of  saline  compounds, 
and  likewise  a  considerable  proportion  of  potash.  With  some  salts  it 
forms  definite  crystalline  compounds,  called  alcoholates:  with  zinc  chloride, 
ZnCl,  .  2QJA%0 ;  with  calcium  chloride,  CaCl, .  4C,HfO ;  with  magnesium  ni- 
trate, (NO,),Mg .  6C,He0.  Alcohol  dissolves,  moreover,  many  organic  sub- 
stances, as  the  vegeto-alkalies,  resins,  essential  oils,  and  various  other 
bodies :  hence  its  great  use  in  chemical  investigations  and  in  several  of  the 
arts. 

Potassium  and  sodium  dissolve  in  ethyl  alcohol  in  the  same  manner  as  in 
methyl  alcohol,  forming  the  compounds  C,H5KO  and  C,H5NaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh-gas,  hy- 
drogen, and  earbon  monoxide : 


C,HeO 


CH4    +     H,    +    CO. 


Small  quantities  of  ethene,  benzene,  and  naphthalene  are,  however,  formed 
at  the  same  time  by  the  mutual  action  of  these  primary  products,  and  car- 
bon is  deposited. 

By  oxidation,  alcohol  is  converted,  first,  into  aldehyde,  then  into  acetio 
acid: 

C.H.O      +      0      =      OH,      +      C,H4Of 
Alcohol.  Aldehyde. 


C,H40 
Aldehyde. 


=      C,H40, 
Acetic  acid. 


Chlorine  gas  is  rapidly  absorbed  by  anhydrous  alcohol,  imparting  to  it  a 
yellow  color,  and  causing  considerable  rise  of  temperature.  At  the  same 
time  it  rapidly  abstracts  hydrogen,  which  is  partly  replaced  by  the  chlo- 
rine, producing  hydrochloric  acid,  aldehyde,  acetic  acid,  ethyl  acetate, 
ethyl  chloride,  and  finally  chloral.  The  mixture  of  these  substances,  freed 
by  water  from  the  soluble  constituents,  was  formerly  called  heavy  muriatic 
ether.  The  formation  of  the  several  products  is  represented  by  the  follow- 
ing equations : 

Cfifi        +  CI,      =      2HC1    +    CaH40, 

Alcohol. 


C,HfO 
Alcohol. 


+ 


C,H,0        + 
Alcohol. 


4C1,      =      6HC1 
HC1      =      OH, 


C,H60        +    OH,+2Cl, 
Alcohol. 


■=      4HC1 


Alcohol. 


Acetic  acid. 


OH, 


Aldehyde. 

+    C,HC1,0, 
Chloral. 

+    C2H5C1, 
Ethyl  chloride. 

+  A  C2H40r 
Acetio  acid. 

+    C,H,02.C,H,. 
Ethyl  acetate. 


When  the  action  of  the  chlorine  is  continued  for  a  long  time,  chloral  is 
always  the  principal  product.  This  compound  is  a  heavy  oily  liquid,  having 
the  composition  of  aldehyde  with  3  atoms  of  hydrogen  replaced  by  chlorine ; 


518  ALCOHOLS  AND  ETHERS. 

but  it  cannot  be  formed  by  the  direct  action  of  chlorine  upon  aldehyde. 
When  alcohol  containing  water  is  used,  scarcely  any  chloral  is  obtained, 
the  chief  product  being  aldehyde. 

Chlorine,  in  presence  of  alkalies  f  converts  alcohol  into  chloroform  and 
carbon  dioxide : 

CJI&    +    4C1,    +    OHt    =    CO,    +    6HC1    +    CHCV 
Alcohol.  Chloro- 

form. 

The  same  products  are  formed  by  distilling  dilute  alcohol  with  bleaching 
powder. 

Aqueous  alcohol  heated  with  strong  sulphuric  acid  is  converted  into  ethyl- 
sulphuric  acid,  C.HgSO^  or  C,Hs(OSO.H),  (p.  626);  but  when  anhydrous 
alcohol  is  exposed  to  the  vapor  of  sulphuric  oxide,  SO,,  a  white  crystalline 
substance  is  formed,  called  ethionic  oxide,  formerly  sulphate  of  carbpl, 
C,H4S,Or  This,  when  dissolved  in  water  or  in  aqueous  alcohol,  is  converted 
into  ethionic  acid,  C,H6S,Oy,  a  bibasic  acid,  which  forms  a  soluble  barium 
salt.  Lastly,  a  solution'of  ethionic  acid,  when  boiled,  is  resolved  into  sul- 
phuric acid  and  iscthionie  acid,  an  acid  isomeric  with  ethylsulphuric  acid 
(p.  627). 


Commercial  Spirit,  Wine,  Beer,  $c.  Vinous  Fermentation. — The  strength  of 
commercial  spirit,  when  free  from  sugar  and  other  substances  added  sub- 
sequent to  distillation,  is  inferred  from  its  density:  a  table  exhibiting  the 
proportions  of  real  alcohol  and  water  in  spirits  of  different  densities  will 
be  found  at  the  end  of  the  volume.  The  excise  proof  spirit  has  a  sp.  gr. 
of  0-9198  at  60°  F.,  and  contains  49}  per  cent,  by  weight  of  real  alcohoL 

The  high  duty  on  spirits  of  wine  in  this  country  has  hitherto  interfered 
with  the  development  of  many  branches  of  industry,  which  are  dependent  on 
the  free  use  of  this  important  liquid.  The  labors  of  the  scientific  chemist  have 
been  likewise  often  checked  by  this  inconvenience.  A  remedy  for  the  evil 
has  been  supplied  in  Great  Britain  by  a  very  important  measure,  proposed 
and  carried  out  by  the  late  Mr.  John  Wood,  Chairman  of  the  Board  of  Inland 
Revenue.  This  measure  consists  in  issuing  for  manufacturing  and  scientific 
purposes,  duty  free,  a  mixture  of  90  per  cent,  of  spirits  of  wine  of  not  less 
strength  than  corresponds  to  a  density  of  0*830,  with  lOper  cent,  of  partially 
purified  wood-spirit,  which  is  now  sold  by  licensed  dealers  under  the  name 
of  Methylated  Spirit.  It  appears  that  a  mixture  of  this  kind  is  rendered  per- 
manently unfit  for  human  consumption,  the  separation  of  the  two  substances, 
in  consequence  of  their  close  analogy,  being  not  only  difficult,  but  to  all 
appearance  impossible:  at  the  same  time,  and  for  the  same  reasons,  this 
mixture  is  not  materially  impaired  for  the  greater  number  of  the  more 
valuable  purposes  in  the  arts  to  which  spirits  are  usually  employed.  Methyl- 
ated spirit  may  be  used,  instead  of  pure  spirit,  as  a  solvent  of  resinous 
substances,  and  of  many  chemical  preparations,  especially  of  the  alkaloids 
and  other  organic  products.  It  may  be  used  for  the  production  of  fulmi- 
nating mercury,  ether,  chloroform,  iodoform,  olefiant  gas,  and  all  its  de- 
rivatives—  in  fact,  for  an  endless  number  of  laboratory  purposes.  Mythyl- 
ated  spirit  may  also  be  substituted  for  pure  spirit  of  wine  in  the  preser- 
vation of  anatomical  preparations.  The  introduction  of  this  spirit  has 
already  exerted  a  very  beneficial  effect  upon  the  development  of  organic 
chemistry  in  that  country.* 

•  See  Report  on  the  Supply  of  Spirits  of  Wine,  free  from  duty,  for  om  In  the  Arts  and  Vann- 
fftctures,  addressed  to  the  Chairman  of  Inland  Rerenne,  by  Profeasors  Graham,  llofmann,  and 
Bedwood.    (Quarterly  Journal  of  Chemical  Society,  toI.  riii.  p.  120. 
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Wmet  beer,  &o.,  owe  their  intoxicating  properties  to  the  aloohol  they  con- 
tain, the  quantity  of  which  Yaries  very  much.  Port  and  sherry,  aud  some 
other  strong  wines,  contain,  according  to  Mr.  Brande,  from  19  to  25  per 
cent,  of  alcohol,  while  in  the  lighter  wines  of  France  and  Germany  it  some- 
times falls  as  low  as  12  per  cent.  Strong  ale  contains  about  10  per  cent. ; 
ordinary  spirits,  as  brandy,  gin,  whiskey,  40  to  60  per  cent.,  or  occasionally 
more.  These  latter  owe  their  characteristic  flavors  to  certain  essential  oils, 
present  in  very  small  quantity,  either  generated  in  the  act  of  fermentation 
or  purposely  added. 

In  making  wine,  the  expressed  juice  of  the  grape  is  simply  set  aside  in 
large  Tats,  where  it  undergoes  spontaneously  the  necessary  change.  The 
vegetable  albumin  of  the  juice  absorbs  oxygen  from  the  air,  runs  into  de- 
composition, and  in  that  state  becomes  a  ferment  to  the  sugar,  which  is 
gradually  converted  into  aloohol.  If  the  sugar  be  in  excess,  and  the 
azotized  matter  deficient,  the  resulting  wine  remains  sweet ;  but  if,  on  the 
other  hand,  the  proportion  of  sugar  be  small  and  that  of  albumen  large,  a 
drg  wine  is  produced.  When  the  fermentation  stops,  and  the  liquor  becomes 
clear,  it  is  drawn  off  from  the  lees,  and  transferred  to  casks,  to  ripen  and 
improve. 

The  color  of  red  wine  is  derived  from  the  skins  of  the  grapes,  which  in 
such  cases  are  left  in  the  fermenting  liquid.  Effervescent  wines,  as  cham- 
pagne, are  bottled  before  the  fermentation  is  complete;  the  oarbonio  acid 
is  disengaged  under  pressure,  and  retained  in  solution  in  the  liquid.  A 
certain  quantity  of  sugar  is  frequently  added.  The  process  requires  much 
delicate  management. 

During  the  fermentation  of  the  grape-juice,  or  must,  a  crystalline,  stony 
matter,  called  argot,  is  deposited.  This  consists  chiefly  of  acid  potassium 
tartrate  with  a  little  coloring  matter,  and  is  the  source  of  all  the  tartaric 
acid  met  with  in  commerce.  The  salt  in  question  exists  in  the  juice  in  con- 
siderable quantity ;  it  is  but  sparingly  soluble  in  water,  but  still  less  so  in 
dilate  alcohol :  hence,  as  the  fermentation  proceeds,  and  the  quantity  of 
spirit  increases,  it  is  slowly  deposited.  The  acid  of  the  juice  is  thus  re- 
moved as  the  sugar  disappears.  It  is  this  circumstance  which  renders 
grape-juice  alone  fit  for  making  good  wine ;  when  that  of  gooseberries  or 
currants  is  employed  as  a  substitute,  the  malic  and  citric  acids  which  these 
fruits  contain  cannot  be  thus  withdrawn.  There  is  then  no  other  resource 
but  to  add  sugar  in  sufficient  quantity  to  mask  and  conceal  the  natural 
acidity  of  the  liquor.  Such  wines  are  necessarily  acescent,  prone  to  a 
second  fermentation,  and,  to  many  persons,  at  least,  very  unwholesome. 

Beer  is  a  well-known  liquor,  of  great  antiquity,  prepared  from  germi- 
nated grain,  generally  barley,  and  is  used  in  countries  where  the  wine  does 
not  flourish.  The  operation  of  malting  is  performed  by  steeping  the  barley 
in  water  until  the  grains  become  swollen  and  soft,  then  piling  it  in  a  heap 
or  cottek,  to  favor  the  elevation  of  temperature  caused  by  the  absorption  of 
oxygen  from  the  air,  and  afterwards  spreading  it  upon  a  floor,  and  turning 
it  over  from  time  to  time  to  prevent  unequal  heating.  When  germination 
has  proceeded  far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln- 
drying.  During  this  process,  a  peculiar  nitrogenous  substance  called 
diastate  is  produced,  which  acts  as  a  ferment  on  the  starch  of  the  grain, 
converting  a  portion  of  it  into  sugar  and  rendering  it  soluble. 

In  brewing,  the  crushed  malt  is  infused  in  water  at  about  77°  C.  (170°  F.), 
and  the  mixture  is  left  to  stand  during  the  space  of  two  hours  or  more. 
The  easily  soluble  diastase  has  thus  an  opportunity  of  acting  upon  the  un- 
altered starch  of  the  grain,  and  changing  it  into  dextrin  and  sugar.  The  clear 
liquor,  or  wort,  strained  from  the  exhausted  malt,  is  next  pumped  up  into 
a  copper  boiler,  and  boiled  with  the  requisite  quantity  of  hops,  to  com- 
municate a  pleasant  bitter  flavor,  and  confer  on  the  beer  the  property  of 
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keeping  without  injury.  The  flowers  of  the  hop  contain  a  bitter,  resinous 
principle,  called  luptdin,  and  an  essential  oil. 

When  the  wort  has  been  sufficiently  boiled,  it  is  drawn  from  the  copper, 
and  cooled  as  rapidly  as  possible,  to  near  the  ordinary  temperature  of  the 
air,  in  order  to  avoid  an  irregular  acid  fermentation,  to  which  it  would 
otherwise  be  liable.  It  is  then  transferred  to  the  fermenting  vessels,  which 
in  large  breweries  are  of  great  capacity,  and  mixed  with  a  quantity  of 
yeast,  the  product  of  a  preceding  operation,  by  which  the  change  is  speedily 
induced.  This  is  the  most  critical  part  of  the  whole  operation,  and  one  in 
which  the  skill  and  judgment  of  the  brewer  are  most  called  into  play.  The 
process  is  in  some  measure  under  oontrol  by  attention  to  the  temperature 
of  the  liquid ;  and  the  extent  to  whioh  the  change  has  been  carried  is  easily 
known  by  the  diminished  density,  or  attenuation  of  the  wort.  The  fermenta- 
tion is  never  suffered  to  run  its  full  course,  but  is  always  stopped  at  a  par- 
ticular point,  by  separating  the  yeast,  and  drawing  off  the  beer  into  casks. 
A  slow  and  almost  insensible  fermentation  succeeds,  which  in  time  renders 
the  beer  stronger  and  less  sweet  than  when  new,  and  charges  it  with  car- 
bonic acid. 

Highly  colored  beer  is  made  by  adding  to  the  malt  a  small  quantity  of 
strongly  dried  or  charred  malt,  the  sugar  of  which  has  been  changed  to 
caramel ;  porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  very  remarkable  substance,  and  has  excited  much 
attention.  To  the  naked  eye  it  is  a  greenish-yellow  soft  solid,  nearly  in- 
soluble in  water,  and  dries  up  to  a  pale-brownish  mass,  which  readily 
putrefies  when  moistened,  and  becomes  offensive.  Under  the  microscope 
it  exhibits  a  kind  of  organized  appearance,  being  made  up  of  little  trans- 
parent globules,  which  sometimes  cohere  in  clusters  or  strings,  like  some 
of  the  lowest  members  of  the  vegetable  kingdom.  Whatever  may  be  the 
real  nature  of  the  substance,  no  doubt  can  exist  that  it  is  formed  from  the 
soluble  azotized  portion  of  the  grain  during  the  fermentative  process.  No 
yeast  is  ever  produced  in  liquids  free  from  azotized  matter ;  that  added  for 
the  purpose  of  exciting  fermentation  in  pure  sugar  is  destroyed,  and  ren- 
dered inert  thereby.  When  yeast  is  deprived,  by  straining  and  strong 
pressure,  of  as  much  water  as  possible,  it  may  be  kept  in  a  cool  place,  with 
unaltered  properties,  for  a  long  time;  otherwise  it  Bpeedily  spoils. 

The  distiller,  who  prepares  spirits  from  grain,  makes  his  wort,  or  wask, 
much  in  the  same  manner  as  the  brewer ;  he  uses,  however,  with  the  malt 
a  large  quantity  of  raw  grain,  the  starch  of  which  suffers  conversion  into 
sugar  by  the  diastase  of  the  malt,  which  is  sufficient  for  his  purpose.  He  does 
not  boil  his  infusion  with  hops,  but  proceeds  at  once  to  the  fermentation, 
which  he  pushes  as  far  as  possible  by  large  and  repeated  doses  of  yeast. 
Alcohol  is  manufactured  in  many  cases  from  potatoes.  The  potatoes  are 
ground  to  pulp,  mixed  with  hot  water  and  a  little  malt,  to  furnish  diastase, 
made  to  ferment,  and  then  the  fluid  portion  is  distilled.  The  potato-spirit 
is  contaminated  by  a  very  offensive  volatile  oil,  again  to  be  mentioned :  the 
crude  product  from  corn  contains  a  substance  of  a  similar  kind.  The  busi- 
ness of  the  rectifier  consists  in  removing  or  modifying  these  volatile  oils, 
and  in  replacing  them  by  others  of  a  more  agreeable  character. 

In  making  bread,  the  vinous  fermentation  plays  an  important  part :  the 
yeast  added  to  the  dough  converts  the  small  portion  of  sugar  the  meal  nat- 
urally contains  into  alcohol  and  carbonio  acid.  The  gas  thus  disengaged 
forces  the  tough  and  adhesive  materials  into  bubbles,  which  are  still  further 
expanded  by  the  heat  of  the  oven,  which  at  the  same  time  dissipates  the 
alcohol:  hence  the  light  and  spongy  texture  of  all  good  bread.  The  use 
of  leaven  is  of  great  antiquity :  this  is  merely  dough  in  a  state  of  incipient 
putrefaction.  When  mixed  with  a  large  quantity  of  fresh  dough,  it  excites 
in  the  latter  the  alcoholic  fermentation,  in  the  same  manner  as  yeast,  but 
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less  perfectly ;  it  is  apt  to  communicate  a  disagreeable  sour  taste  and  odor. 
Sometimes  carbonate  of  ammonia  is  employed  to  lighten  the  dough,  being 
completely  Yolatiliied  by  the  high  temperature  of  the  oven.  Bread  is  now 
sometimes  made  by  mixing  a  little  hydrochloric  acid  and  sodium  carbonate 
in  the  dough ;  if  proper  proportions  be  taken  and  the  whole  thoroughly 
mixed,  the  operation  appears  to  be  very  successful. 

Another  mode  of  bread-making,  now  practised  on  a  large  scale  with  great 
success,  is  that  invented  by  the  late  Dr.  Dauglish,  which  consists  in  agitat- 
ing the  dough  in  a  strong  vessel  with  water  saturated  under  pressure  with 
carbonic  acid  gas.  When  the  dough  thus  treated  is  subsequently  released 
from  this  pressure  and  exposed  to  the  air,  the  gas  escapes  in  bubbles,  and 
lightens  the  mass  as  effectually  as  that  evolved  within  its  substance  by  fer- 
mentation. The  bread  thus  made,  called  "aerated  bread,"  is  of  excellent 
quality,  not  being  subject  to  the  deterioration  which  so  frequently  takes 
place  in  ordinary  bread,  when  the  fermentation  is  allowed  to  go  too  far. 

Vinous  fermentation,  that  is  to  say  the  conversion  of  sugar  into  alcohol  and 
carbon  dioxide,  never  takes  place  except  in  presence  of  some  nitrogenous 
body  of  the  albuminoid  class  in  a  state  of  decomposition  (p.  463).  The 
manner  in  which  these  bodies  act  in  inducing  fermentation  is  very  obscure : 
they  neither  add  anything  to  the  sugar  nor  take  anything  from  it ;  but  the 
motion  or  disturbance  of  their  particles,  while  undergoing  putrefaction,  is 
supposed  to  be  communicated  to  the  particles  of  the  sugar  with  which  they 
are  in  contact,  and  thus  to  induce  the  decomposition  above  mentioned ; 
hence  such  bodies  are  called  ferments.  There  are  other  modes  of  fermen- 
tation, which  sugar  and  substances  allied  to  it  are  capable  of  undergoing, 
and  the  particular  change  induced  varies  with  the  kind  of  ferment  present: 
thus  vinous  fermentation  is  induced  with  peculiar  facility  by  yeast ;  lactous 
fermentation,  or  the  conversion  of  sugar  into  lactic  .acid,  by  putrefying 
cheese.  Another  very  remarkable  circumstance  connected  with  fermenta- 
tion is  that  it  is  always  accompanied  by  the  development  of  certain  minute 
living  organisms — fungi  and  infusoria — like  those  already  mentioned  as 
existing  in  yeast.  So  constantly  indeed  is  this  the  case,  that  many  chem- 
ists and  physiologists  regard  these  organisms  as  the  exciting  cause  of  fer- 
mentation and  putrefaction;  and  this  view  appears  to  be  corroborated  by 
the  fact  that  each  particular  kind  of  fermentation  takes  place  most  readily 
in  contact  with  a  certain  living  organism,  or  at  least  with  nitrogenous  mat- 
ter containing  it;  thus  beer-yeast  contains  two  species  of  fungus,  called 
Torvula  eerevisist  and  Penicillium  glaucum,  the  cells  of  which  are  of  very  dif- 
ferent sizes,  so  that  they  may  be  separated  by  filtering  an  infusion  of  the 
yeast,  the  larger  cells  of  the  Torvula  remaining  on  the  filter,  while  those  of 
the  Peninltium,  which  are  muoh  smaller,  pass  through  with  the  liquid. 
Now,  it  is  found  that  the  residue  on  the  filter  brings  a  solution  of  sugar 
into  the  state  of  vinous  fermentation,  whereas  the  filtered  liquid  induces 
lactous  fermentation.  But  whether  this  effect  is  due  to  the  fungi  them- 
selves, or  to  the  peculiar  state  of  the  albuminous  matter  in  which  they  oc- 
cur, is  a  question  not  yet  decided.  The  investigation  is  attended  with 
peculiar  difficulties,  arising  chiefly  from  the  universal  diffusion  of  the  germs 
of  these  minute  organisms,  which  are  present  not  only  in  all  decaying  albu- 
minous matter,  and  on  the  skins  of  fruits,  leaves,  and  other  parts  of  plants, 
but  are  likewise  diffused  through  the  air;  so  that  in  experiments  made  for 
the  purpose  of  ascertaining  whether  fermentation  can  take  place  without 
them,  it  is  extremely  difficult  to  insure  their  complete  exclusion  from  the 
substances  under  examination.* 

See  the  article  "  Fermentation,"  in  Watts'!  Dictionary  of  Chemistry,  vol.  ii,  p.  623. 
44* 
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ETUYLIC  ETHERS. 

Ethyl  Chloride,  or  Chlorethane,  C,H6C1,  or  C^  H,  ,  often  called  By- 

Ici 

droehlorie  ether. — To  prepare  this  compound,  rectified  spirit  of  wine  is 
saturated  with  dry  hydrochloric  acid  gas,  and  the  product  distilled  with 
very  gentle  heat ;  or  a  mixture  of  8  parts  oil  of  vitriol  and  2  parts  of  alco- 
hol is  poured  upon  4  parts  of  dry  common  salt  in  a  retort,  and  heat  applied ; 
in  either  case  the  vapor  of  the  hydrochloric  ether  should  be  conducted 
through  a  little  tepid  water  in  a  wash-bottle,  and  then  conveyed  into  a 
small  receiver  surrounded  by  ice  and  salt.  It  is  purified  from  adhering 
water  by  contact  with  a  few  fragments  of  fused  calcium  chloride.  Hydro- 
chloric ether  is  a  thin,  colorless,  and  excessively  volatile  liquid,  of  a  pene- 
trating, aromatic,  and  somewhat  alliaceous  odor.  At  the  freezing  point  of 
water,  its  sp.  gr.  is  0*921,  and  it  boils  at  12*5°  C.  (55°  F.);  it  is  soluble  in 
10  parts  of  water,  is  but  incompletely  decomposed  by  solution  of  silver 
nitrate  when  the  two  are  heated  together  in  a  sealed  tube,  but  is  quickly 
resolved  into  potassium  chloride  and  ethyl  alcohol  by  a  hot  aqueous  solu- 
tion of  caustic  potash : 

CtH,Cl        +        KOH       =        KC1        +        C8H6OH. 

With  alcoholic  potash,  on  the  other  hand,  or  potassium  ethylate,  it  yields 
ethyl-oxide,  or  common  ether : 

C,H5C1    +    C,H5OK    s    KC1    +    (CjHJjO. 
Heated  with  soda-lime,  it  yields  ethene  or  olefiant  gas : 

2C2H5C1    +    ONa,    =    2NaCl    +    OHf    +    CfH4. 

When  vapor  of  ethyl  chloride  is  mixed  with  chlorine  gas  in  a  vessel  ex- 
posed first  to  diffused  daylight,  and  afterwards  to  direct  sunshine,  hydro- 
chloric acid  is  formed,  and  the  chlorine  displaces  one  atom  of  hydrogen  in 
the  ethyl  chloride,  producing  monochlorinated  ethyl  chloride,  or  dichlor- 
ethane,  CgH.Cl^  a  colorless,  oily  liquid,  isomeric  with  ethene  chloride  or 
Dutch  liquid.  By  the  prolonged  action  of  chlorine  in  excess,  the  com- 
pounds C2H?C13,  C,H,CL,  C?HC16,  and  C8C1«  are  produced,  the  last  of  which 
is  a  crystalline  body,  identical  with  the  carbon  trichloride  produced  by  the 
action  of  chlorine  on  Dutch  liquid. 

Ethyl  Bromide,  or  Bromethane,  C,HBBr,  also  called  Hydrobromic  ether,  is 
prepared  by  distilling  a  mixture  of  8  parts  bromine,  1  part  phosphorus, 
and  39  parts  alcohol.  It  is  a  very  volatile  liquid,  heavier  than  water,  hav- 
ing a  penetrating  taste,  and  odor,  boiling  at  41°  C.  (106°  F.). 

Ethyl  Iodide,  or  Iodethane,  C,H5I,  also  called  Hydriodic  ether,  may  be  con- 
veniently prepared  with  5  parts  of  phosphorus,  70  parts  of  alcohol  (of  0*84 
sp.  gr.)  and  100  parts  of  iodine.  The  phosphorus  is  introduced  into  a  tu- 
bulated retort,  covered  with  part  of  the  alcohol,  and  heated  to  fusion. 
The  rest  of  the  alcohol  is  poured  upon  the  iodine,  and  the  solution  thus 
obtained  is  allowed  to  flow  gradually  through  a  tap-funnel  into  the  retort. 
The  brown  liquid  is  at.  once  decolorized,  and  ethyl  iodide  distils  over,  which 
is  condensed  by  a  good  cooling  apparatus.  The  distillate,  consisting  of  al- 
cohol and  ethyl  iodide,  is  again  poured  on  the  residuary  iodine,  which  is 
thus  rapidly  dissolved,  introduced  into  the  retort,  and  ultimately  entirely 
converted  into  ethyl  iodide.  The  latter  is  washed  with  water  to  remove 
adhering  alcohol,  separated  from  this  water  by  a  tap-funnel,  digested  with 
calcium  chloride,  and  rectified  in  the  water-bath.  Ethyl  iodide  may  also 
be  formed  by  heating  in  a  sealed  glass  vessel  a  mixture  of  hydriodic  acid 
and  olefiant  gas.     Hydriodic  ether  is  a  colorless  liquid,  of  penetrating  ethe- 
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real  odor,  having  a  density  of  1-92,  and  boiling  at  72°  C.  (162°  F.).  It  be- 
comes red  by  exposure  to  light,  from  a  commencement  of  decomposition. 
This  substance  has  become  highly  important  as  a  source  of  ethyl,  and  from 
its  remarkable  deportment  with  ammonia,  which  will  be  discussed  in  the 
Section  on  Organic  Bases.  # 

Bthyl  Oxide,  or  Ethylic  ether,  C4HI(,0=C1H.(OC,H6)=(C1H6),0.  This 
compound,  also  called  common  ether,  or  simply  ether,  contains  the  elements 
of  2  molecules  of  alcohol  minus  1  molecule  of  water : 

2C,HeO      —      OH,      =      C4H10O; 

and  it  is  in  fact  produced  by  the  action  of  various  dehydrating  agents, 
such  as  sine  chloride,  phosphoric  oxide,  and  strong  sulphuric  acid,  upon 
alcohol.  The  process  does  not  appear,  however,  to  be  one  of  direct  dehy- 
dration, at  least  in  the  case  of  sulphuric  acid ;  for  when  that  acid  is  heated 
with  alcohol  to  a  certain  temperature,  it  does  not  become  weaker  by  taking 
water  from  the  alcohol,  but  ether  and  water  distil  over  together,  and  the 
sulphuric  acid  remains  in  its  original  state,  ready  to  act  in  the  same  man- 
ner on  a  fresh  portion  of  alcohol.  The  reaction  is  in  fact  one  of  sub- 
stitution, the  ultimate  result  being  the  conversion  of  alcohol,  C2H6(OH), 
into  ether,  C,H5(OC2Hc),  by  the  substitution  of  ethyl  for  hydrogen.  The 
manner  in  which  this  takes  place  will  be  better  understood  when  another 
mode  of  the  formation  of  ether  has  been  explained. 

When  a  solution  of  sodium  ethylate,  CaH6ONa,  in  anhydrous  alcohol,  ob- 
tained by  dissolving  sodium  to  saturation  in  that  liquid,  is  mixed  with  ethyl 
iodide,  double  decomposition  takes  place,  resulting  in  the  formation  of  so- 
dium iodide  and  ethyl  oxide : 

CtH6ONa    +    C2H6I     =     Nal    +    C2H5(OC2H60). 

The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were  substi- 
tuted for  the  iodide:  moreover,  when  methyl  iodide  is  added,  instead 
of  the  ethyl  iodide,  an  oxygen  ether  is  formed  containing  both  ethyl  and 
methyl: 

C,H6ONa      -f      CH.I    ==      Nal      +      C,H,OCHr 
Sodium  ethylate.        Methyl  Methyl-ethyl 

iodide.  ether. 

In  each  case  the  reaction  consists  in  an  interchange  between  the  sodium 
and  the  alcohol-radical. 

Now,  when  alcohol  is  heated  with  strong  sulphuric  acid,  the  first  result 
is  the  formation  of  ethylsulphurio  acid,  S02(OC2H6)OH,  by  substitution  of 
ethyl  for  hydrogen  in  the  acid : 

SO.(OH)(OH)    +    C2H6(OH)    =    H(OH)    +    S02(OC2H6)(OH); 
Sulphuric  Alcohol.  Water.  Ethylsulphurio 

acid.  acid. 

and  when  the  ethylsulphurio  acid  thus  formed  is  brought  in  contact,  at  a 
certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reverse  sub- 
stitution takes  place,  resulting  in  the  formation  of  ethyl  oxide  and  sulphu- 
ric acid : 

S0.(0C2H6K0H)    +    C2H,rOH)    =    (UL(0C2H.)    +    S04(0H)2 
Ethylsulphurio  Alcohol.  Ether.  Sulphuric 

acid.  acid. 

The  sulphuric  aoid  is  thus  reproduced  in  its  original  state,  and  if  the  sup- 
ply of  alcohol  be  kept  up,  and  the  temperature  maintained  within  certain 
limits,  the  same  series  of  actions  is  continually  repeated,  and  ether  and 
water  distil  over  together. 
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The  most  favorable  temperature  for  etherification  is  between  127°  and 
154°  C.  (260°  and  810°  F.):  below  127°  very  little  ether  is  produced,  and 
above  154°  a  different  reaction  takes  place,  resulting  in  the  formation  of 
olefiant  gas.  The  maintenance  of  the  temperature  within  the  ether-pro- 
ducing limits  is  best  effected  by  boiling  the  mixture  of  sulphuric  acid  and 
alcohol  in  a  flask  into  which  a  further  quantity  of  alcohol  is  supplied  in  a 
continuous  and  regulated  stream.  This  is  called  the  continuou*  ether  process. 

A  wide-necked  flask  is  fitted  with  a  sound  cork,  perforated  by  three 
apertures,  one  of  which  is  destined  to  receive  a  thermometer  with  the  grad- 
uation on  the  stem;  a  second,  a  vertical  portion  of  a  long,  narrow  tube, 
terminating  in  an  orifice  of  about  fa  of  an  inch  in  diameter ;  and  the  third, 


/ty.191.* 


a  wide  bent  tube,  connected  with  the  condenser,  to  carry  off  the  volatilised 
products.  A  mixture  is  made  of  8  parts  by  weight  of  concentrated  sul- 
phuric aoid,  and  5  parts  of  rectified  spirit  of  wine,  of  about  0*834  sp.  gr. 
This  is  introduced  into  the  flask,  and  heated  by  a  lamp.  The  liquid  soon 
boils,  and  the  thermometer  very  shortly  indicates  a  temperature  of  140° 
C.  (284°  F.).  When  this  happens,  alcohol  of  the  above  density  is  suffered 
slowly  to  enter  by  the  narrow  tube,  which  is  put  into  communication  with 
a  reservoir  of  that  liquid,  consisting  of  a  large  bottle  perforated  by  a  hole 

•  Fig.  191.  Appnrntn*  for  the  preparation  of  ether,  a.  Flask  for  containing  the  mixture 
of  oil  of  vitriol  and  alcohol,  b.  Reservoir  with  stopcock,  for  supplying  a  constant  stream  of 
alcohol,  c.  Wide  lw»nt  tube  connected  with  the  condenser  for  conveying  away  the  vapors,  d. 
The  thermometer  for  regulating  the  temnerature  of  the  boiling  liquid. 
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near  the  bottom,  and  furnished  with  a  small  brass  stopcock  fitted  by  a 
cork.  The  stopcock  is  secured  to  the  end  of  the  long  tube  by  a  caoutchouc 
connector.  As  the  tube  passes  nearly  to  the  bottom  of  the  flask,  the  al- 
cohol gets  thoroughly  mixed  with  the  acid  liquid,  the  hydrostatic  pressure 
of  the  fluid  column  being  sufficient  to  insure  the  regularity  of  the  flow ;  the 
quantity  is  easily  adjusted  by  the  aid  of  the  stopcock.  For  condensation 
a  Liebig's  condenser  may  be  used,  supplied  with  ice- water.  The  arrange- 
ment is  shown  in  figure  191. 

The  intensity  of  the  heat,  and  the  supply  of  alcohol,  must  be  so  adjusted 
that  the  thermometer  may  remain  at  140°  G.  (284°  F.),  or  as  near  that  tem- 
perature as  possible,  while  the  contents  of  the  flask  are  maintained  in  a  state 
of  rapid  and  violent  ebullition  —  a  point  of  essential  importance.  Ether  and 
water  distil  over  together,  and  collect  in  the  receiver,  forming  two  distinct 
strata :  the  mixture  slowly  blackens,  from  some  slight  secondary  action  of 
the  acid  upon  the  spirit,  or  upon  the  impurities  in  the  latter,  but  retains, 
after  many  hours'  ebullition,  its  etherifying  powers  unimpaired.  The  acid, 
however,  slowly  volatilizes,  partly  in  the  state  of  oil  of  wine,  and  the  quantity 
of  liquid  in  the  flask  is  found,  after  the  lapse  of  a  considerable  interval, 
sensibly  diminished.  The  loss  of  acid  constitutes  the  only  limit  to  the 
duration  of  the  process,  which  might  otherwise  be  continued  indefinitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of  lead,  the 
tubes  being  also  of  the  same  metal:  the  stem  of  the  thermometer  may  be 
made  to  pass  air-tight  through  the  cover,  and  heat  may  perhaps  be  advan- 
tageously applied  by  high-pressure  steam,  or  hot  oil,  circulating  in  a  spiral 
tube  of  metal  immersed  in  the  mixture  of  acid  and  spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it  floats, 
agitated  with  a  little  solution  of  caustic  potash,  and  re-distilled  by  the  heat 
of  warm  water.  The  aqueous  portion,  treated  with  an  alkaline  solution, 
and  distilled,  yields  alcohol  containing  a  little  ether.  Sometimes  the  spon- 
taneous separation  before  mentioned  does  not  occur,  from  the  accidental 
presence  of  a  larger  quantity  than  usual  of  undecomposed  alcohol ;  the 
addition  of  a  little  water,  however,  always  suffices  to  determine  it. 

Pure  ethylio  ether  is  a  colorless,  transparent,  fragrant  liquid,  very  thin 
and  mobile.  Its  Bp.  gr.  at  15-5°  is  about  0-720;  it  boils  at  36-6°  C.  (96°  F.) 
under  the  pressure  of  the  atmosphere,  and  bears  without  freezing  the 
severest  cold.  When  dropped  on  the  hand  it  occasions  a  sharp  sensation 
of  cold,  from  its  rapid  volatilization.  Ether  is  very  combustible,  and  burns 
with  a  white  flame,  generating  water  and  carbon  dioxide.  Although  the 
substance  itself  is  one  of  the  lightest  of  liquids,  its  vapor  is  very  heavy, 
having  a  density  of  2-586  (referred  to  air).  Mixed  with  oxygen  gas,  and 
fired  by  the  electric  spark,  or  otherwise,  it  explodes  with  the  utmost  vio- 
lence. Preserved  in  an  imperfectly  stopped  vessel,  ether  absorbs  oxygen, 
and  becomes  acid  from  the  production  of  acetic  acid :  this  attraction  for 
oxygen  is  increased  by  elevation  of  temperature.  It  is  decomposed  by 
transmission  through  a  red-hot  tube  into  ethene,  methane,  aldehyde,  and 
ethine,  and  two  substances  yet  to  be  described. 

Ether  is  miscible  with  alcohol  in  all  proportions,  but  not  with  water;  it 
dissolves  to  a  small  extent  in  that  liquid,  10  parts  of  water  taking  up  about 
1  part  of  ether.  It  may  be  separated  from  alcohol,  provided  the  quantity 
of  the  latter  is  not  excessive,  by  addition  of  water,  and  in  this  manner 
samples  of  commercial  ether  may  be  conveniently  examined.  Ether  dis- 
solves oily  and  fatty  substances  generally,  and  phosphorus  to  a  small  extent, 
also  a  few  saline  compounds  and  some  organic  principles ;  but  its  powers 
in  this  respect  are  much  more  limited  than  those  of  alcohol  or  water. 

Anhydrous  ether,  subjected  to  the  action  of  chlorine,  yields  the  three  sub- 
stitution-products C4H801,0,  C4HeCl40,  and  C4Cl10O,  the  first  two  of  which 
are  liquids,  while  the  third,  produced  by  the  prolonged  action  of  chlorine 
on  ether  in  sunshine,  is  a  crystalline  solid.    The  second  chlorine  compound 
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is  converted  by  hydrogen  sulphide  into  the  two  crystalline  compounds 
C^CljSO  and  0*11,8,0. 

Ethyl-methyl  oxide,  Ethyl-methyl  ether,  Ethyl  methylate,  or  Methyl  ethyUtte, 
CtHtO  =  C,H5OCHr  is  produced,  as  already  mentioned,  by  the  action  of 
methyl  iodide  on  potassium  ethylate,  or  of  ethyl  iodide  on  potassium  me- 
thy  late.     It  is  a  very  inflammable  liquid,  boiling  at  11°  C.  (52°  F.). 

Ethyl  Yitrate,  C2H5N08,  or  C,H,ONOr— Mine  ether.— When  nitric  acid  is 
heated  with  alcohol  alone,  part  of  the  alcohol  is  oxidized,  and  the  nitric 
acid  is  reduced  to  nitrous  acid,  which,  with  the  remainder  of  the  alcohol, 
forms  ethyl  nitrite,  C,HsNOr  together  with  other  products;  but  by  adding 
urea  to  the  liquid,  which  decomposes  the  nitrous  acid  as  fast  as  it  is  formed, 
this  action  may  be  prevented,  and  the  alcohol  and  nitric  acid  then  form 
ethyl  nitrate.  The  experiment  is  most  safely  conducted  on  a  small  scale, 
and  the  distillation  must  be  stopped  when  seven-eighths  of  the  whole  have 
passed  over;  a  little  water  added  to  the  distilled  product  separates  the 
nitrio  ether.  Nitric  ether  has  a  density  of  1*112;  it  is  insoluble  in  water, 
has  an  agreeable  sweet  taste  and  odor,  and  is  not  decomposed  by  an  aqueous 
solution  of  caustic  potash,  although  that  substance  dissolved  in  alcohol 
attacks  it  even  in  the  cold,  with  production  of  potassium  nitrate.  Its 
vapor  is  apt  to  explode  when  strongly  heated. 

Ethtl  Nitrite,  C.H6ONO. — Nitroiu  ether. — Pure  nitrous  ether  can  only 
be  obtained  by  the  direct  action  of  the  acid  itself  upon  alcohol.  1  part  of 
starch  and  10  parts  of  nitric  acid  are  gently  heated  in  a  capacious  retort 
or  flask,  and  the  vapor  of  nitric  acid  thereby  evolved  is  conducted  into 
alcohol  mixed  with  half  its  weight  of  water,  contained  in  a  two-necked 
bottle,  which  is  to  be  plunged  into  cold  water  and  connected  with  a  good 
condensing  arrangement.  All  elevation  of  temperature  must  be  carefully 
avoided.  The  product  of  this  operation  is  a  pale-yellow  volatile  liquid, 
having  an  exceedingly  agreeable  odor  of  apples:  it  boils  at  16-4°  C.  (61°  F.)f 
and  has  a  density  of  0-947.  It  is  decomposed  by  potash,  without  darkening, 
into  potassium  nitrite  and  alcohol. 

Nitrous  ether,  but  contaminated  with  aldehyde,  may  be  prepared  by  the 
following  simple  method.  Into  a  tall  cylindrical  bottle  or  jar  are  to  be  in- 
troduced successively  9  parts  of  alcohol  of  sp.  gr.  0*880,  4  parts  of  water, 
and  8  parts  of  strong  fuming  nitric  acid;  the  two  latter  are  added  by 
means  of  a  long  funnel  with  a  very  narrow  orifice,  reaching  to  the  bottom 
of  the  bottle,  so  that  the  contents  may  form  three  distinct  strata,  which 
slowly  mix  from  the  solution  of  the  liquids  in  each  other.  The  bottle  is 
then  loosely  Blopped,  and  left  two  or  three  days  in  a  cool  place,  after  which 
it  is  found  to  contain  two  layers  of  liquid,  of  which  the  uppermost  is  nitrous 
ether.  It  is  purified  by  rectification.  A  somewhat  similar  product  may  be 
obtained  by  carefully  distilling  a  mixture  of  3  parts  rectified  spirit  and  2 
of  nitric  acid  of  1-28  sp.  gr. :  the  fire  must  be  withdrawn  as  soon  aa  the 
liquid  boils. 

The  tweet  spirits  of  nitre  of  pharmacy,  prepared  by  distilling  three  pounds 
of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solution  of  nitrous  ether, 
aldehyde,  and  perhaps  other  substances,  in  spirits  of  wine. 

Ethyl  Sulphates. — There  are  two  of  these  ethers,  corresponding  to  the 
methyl  sulphates. 

Acid  Ethyl  sulphate,  Ethylsulphuric  acid  or  Sulphovinic  acid,  C,H#S04r=: 
C1HftOSOfH,=SO,fOC-H,)(OH)=S04(C.Hs)H,  which  has  the  composition  of 
sulphuric  acid,  o04Hr  with  half  the  hydrogen  replaced  by  ethyl,  is 
formed  by  the  action  of  sulphuric  acid  upon  alcohol.  To  prepare  it,  strong 
rectified  spirit  of  wine  is  mixed  with  twice  its  weight  of  concentrated  sul- 
phuric acid ;  the  mixture  is  heated  to  its  boiling  point,  and  then  left  to  cool. 
When  cold,  it  is  diluted  with  a  large  quantity  of  water,  and  neutralized 
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with  chalk,  whereby  much  calcium  sulphate  is  produced.  The  mass  is 
placed  upon  a  cloth  filter,  drained,  and  pressed;  and  the  clear  solution  is 
evaporated  to  a  small  bulk  by  the  heat  of  a  water-bath,  filtered  from  a 
little  sulphate,  and  left  to  crystallize:  the  product  is  calcium  ethylrulphate, 
in  beautiful,  colorless,  transparent  crystals,  containing  (S04)2('C1H6)2Ca//. 
20Hr  They  dissolve  in  an  equal  weight  of  cold  water,  and  effloresce  in  a 
dry  atmosphere. 

Barium  ethyUulphate,  (S04)a(CsH5)Ba// .  20Hr  equally  soluble,  and  still 
more  beautiful,  may  be  produced  by  substituting,  in  the  above  process, 
barium  carbonate  for  chalk :  from  this  substance  the  acid  may  be  procured 
by  exactly  precipitating  the  base  with  dilute  sulphuric  acid,  and  evaporat- 
ing the  filtered  solution  in  a  vacuum  at  the  temperature  of  the  air.  It 
forms  a  sour,  syrupy  liquid,  in  which  sulphuric  acid  cannot  be  recognized 
by  the  ordinary  reagents,  and  is  very  easily  decomposed  by  heat,  and  even 
by  long  exposure  in  the  vacuum  of  the  air-pump.  All  the  ethylsulphates 
are  soluble;  the  solutions  are  decomposed  by  ebullition.  The  lead-salt  re- 
sembles the  barium-compound.  The  potassium  salty  S04(C2H6)K — easily 
made  by  decomposing  calcium  ethylsulphate  with  potassium  carbonate— is 
anhydrous,  permanent  in  the  air,  very  soluble,  and  crystallizes  well. 

Potassium  ethylsulphate  distilled  with  concentrated  sulphuric  acid,  gives 
ether;  with  dilute  sulphuric  acid,  alcohol;  and  with  strong  acetic  acid, 
acetic  ether.  The  ethylsulphates  heated  with  calcium  or  barium  hydrate, 
yield  a  sulphate  of  the  base  and  alcohol. 

Isethionic  acid,  C2HcS04,  an  acid  isomer  io  with  ethyl  sulphuric  acid,  is  ob- 
tained, as  already  observed,  by  boiling  ethionic  acid  (p.  518)  with  water; 
also  by  the  prolonged  action  of  strong  sulphuric  acid  or  sulphuric  oxide  on 
alcohol  or  ether,  and  is  found  among  the  residues  of  the  preparation  of 
ether.  It  is  a  viscid,  strongly  acid  liquid,  which  decomposes  acetates  and 
common  salt,  bears  without  decomposition  a  heat  of  1606  C.  (302°  F.),  but 
blackens  at  a  higher  temperature. 

The  metallic  isetkionates  are  soluble  and  crystallizable,  and  are  distin- 
guished from  the  ethylsulphates,  with  which  they  are  isomeric,  by  their 
much  greater  stability,  most  of  them  sustaining,  without  alteration,  a  tem- 
perature of  200°  C.  (892°  F.). 

Potassium  isethionate,  C,H5KS04,  distilled  with  phosphorus  pentachlo- 
ride,  yields  isethionic  chloride,  C2H4S0,C1,;  and  this  compound,  heated  in 
sealed  tubes  with  ammonia,  is  converted  into  taurin,  a  neutral  crystallizable 
substance  likewise  obtained  from  bile : 

CjH.SO.Cl,    +    NH,    +    OH,    =    2HC1    +    CaHTNSOr 
Isethionic  Taurin. 

chloride. 

Taurin,  treated  with  nitrous  acid,  is  reconverted  into  isethionic  acid. 

Neutral  Ethyl  sulphate,  S04(C,H6)r  or  80,(00,11^  is  formed  by  passing 
the  vapor  of  sulphuric  oxide  into  perfectly  anhydrous  ether.  A  syrupy 
liquid  is  produced,  which,  when  shaken  with  4  vols,  of  water  and  1  vol.  of 
ether,  separates  into  two  layers,  the  lower  containing  ethylsulphurio  acid 
and  various  other  compounds,  while  the  upper  layer  consists  of  an  ethereal 
solution  of  neutral  ethyl  sulphate.  At  a  gentle  heat  the  ether  is  vplatilized, 
and  the  ethyl  sulphate  remains  as  a  colorless  liquid.  It  cannot  be  distilled 
without  decomposition. 

Ethyl  Sulphites.— The  acid  sulphite,  or  Ethylsulphurous  acid,  SO,(C,H5)H, 
is  produced  by  the  action  of  nitric  acid  on  ethvl  sulphhydrate  or  sulpho- 
eyanate.  When  concentrated  by  evaporation  it  is  a  heavy  oil  of  specific 
gravity  1*80.  It  is  a  monobasic  acid,  forming  crystallizable  salts,  which 
decompose  when  heated,  giving  off  sulphurous  oxide. — Neutral  Ethyl  sul- 
phite, SO|(C,H6)r  is  obtained  by  adding  absolute  alcohol  in  excess  to  chlorine 
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bisulphide  (p.  208).  Hydrochloric  acid  is  evolved,  and  tulphnr  deposited, 
while  the  ethyl  sulphite  distils  as  a  limpid  strongly-smelling  liquid,  of  sp. 
gr.  1*086,  boiling  at  170°;  it  is  slowly  decomposed  by  water. 

Ethyl  Phosphates. — Three  ethyl  orthophosphates  have  been  obtained, 
two  acid  and  one  neutral,  analogous  in  composition  to  the  sodium  phos- 
phates ;  also  a  neutral  pyrophosphate. 

Monethylie  phosphate,  or  Elhylphosphoric  acid,  P04(C,H6)Hr  or  (PO)'" 
(OCsHf  i(OH)s,  also  called  Phosphovmic  acid.  This  acid  is  Dibasic  Its  barium 
salt  is  prepared  by  heating  to  82°  C.  (180°  F.)  a  mixture  of  equal  weights  of 
strong  alcohol  and  Byrupy  phosphoric  acid,  diluting  this  mixture,  after  the 
lapse  of  24  hours,  with  water,  and  neutralizing  with  barium  carbonate. 
The  solution  of  ethylphosphate,  separated  by  nitration  from  the  insoluble 
phosphate,  is  evaporated  at  a  moderate  temperature.  The  salt  crystallizes 
in  brilliant  hexagonal  plates,  which  have  a  pearly  lustre,  and  are  more 
soluble  in  cold  than  in  hot  water;  it  dissolves  in  16  parts  of  water  at  20° 
C.  (68°  F.).  The  crystals  contain  P04(CtH§)Ba".60Hr  From  this  salt 
the  acid  may  be  obtained  by  precipitating  the  barium  with  dilute  sulphuric 
acid,  and  evaporating  the  filtered  liquid  in  the  vacuum  of  the  air-pump :  it 
forms  a  colorless,  syrupy  liquid,  of  intensely  sour  taste,  sometimes  exhibit- 
ing appearances  of  crystallization.  It  is  very  soluble  in  water,  alcohol, 
and  ether,  and  easily  decomposed  by  heat  when  in  a  concentrated  state. 
The  et  triphosphates  of  calcium,  silver,  and  lead  possess  but  little  solubil- 
ity; those  of  the  alkali-metals,  magnesium,  and  strontium,  are  freely 
soluble. 

Diethylk  phosphate,  or  Diethylphosphorie  acid,  P04(C2H.)tH,  or  (PO)"' 
(OsCtHft)a(OH),  is  a  monobasic  acid,  obtained,  together  with  the  preceding, 
by  the  action  of  syrupy  phosphoric  acid  upon  alcohol.  Its  barium,  silver, 
and  lead-salts  are  more  soluble  than  the  methylphosphntes.  The  calcium 
salt,  (P04)a(CaH6)4Ca",  and  the  lead-salt,  (P04)a(C,H6)aPb",  are  anhydrous. 

Triethylie  phosphate,  P04(CaH6)r  or  (PO)'"(OCaHs)8,  is  obtained  in  small 
quantity  by  heating  the  lead-salt  of  aiethylphosphorio  acid  to  100°,  more 
easily  by  the  action  of  ethyl-iodide  on  triargentic  phosphate,  or  of  phos- 
phorus oxychloride  on  sodium  ethyiate: 

SCgHjONa    +    (P0)'"C1,    =    8NaCl    +     (PO)"'(OCaHa)r 
It  is  a  limpid  liquid  of  sp.  gr.  1072  at  12°  C.  (64°  F.),  boiling  at  215°  C. 
(129°  F.),  soluble  in  alcohol  and  ether,  and  also  "in  water,  by  which  how* 
ever  it  is  slowly  decomposed. 

Tetrethylic  Pyrophosphate,  P20T(C,H6)4,  produced  by  the  action  of  ethyl 
iodide  on  argentic  pyrophosphate,  is  a  viscid  liquid  of  sp.  gr.  1*172  at  17° 
C.  (63°  F.),  decomposed  by  potash,  with  formation  of  potassium  diethyl- 
phosphate. 

Ethyl  Borates. — Three  of  these  ethers  are  known,  vis. : 
Triethylie  borate  .         (CaH,)8BOj, 

Monethylie  borate        .  CaH6BOr 

Ethylio  anhydroborate,    \  9P  w  Rn     «  n 
oirbiborate       .        .     }  2C*H*BOt •  B»°r 

Triethylie  borate  is  formed  by  the  action  of  boron  trichloride  on  alcohol : 
8CaII,(OH)     +    BC1,    =    8HC1    +    (C,H6)fBOr 

It  is  a  thin  limpid  liquid,  of  agreeable  odor,  sp.  gr.  0*886,  boiling  at 
119°  C.  (246°  F),  decomposed  by  water.  Its  alcoholic  solution  burns  with 
a  fine  green  flame,  throwing  off  a  thick  smoke  of  boric  acid. 

Monethylie  borate,  C2HsBOr  is  formed,  with  separation  of  boric  acid,  by 
the  action  of  alcohol  on  the  anhydroborate : 

2C,H,BO,.BJOt    +    CtH,(OH)    =    HBO,    +    9Cfl^Or 
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It  is  a  colorless,  mobile  liquid,  resembling  triethylic  borate.  The  anhy- 
droberat*,  2C3H,BO? .  B,Or  is  formed  by  the  action  of  boric  oxide  on  an 
equal  weight  of  anhydrous  alcohol,  and  may  be  obtained  by  concentration, 
in  the  form  of  a  viscid  liquid,  which  solidifies  at  300°  C.  (672°  F.),  giving 
off  alcohol  vapor  and  ethene  gas,  and  leaving  boric  oxide. 

Bthyl  Silicates.  —  Tetrethylic  rilkalc,  (C,H5)4Si04,  or  Si-^OCjH,).,  is  pro- 
duced by  treating  silicic  chloride  with  a  small  quantity  of  anhydrous  al- 
cohol: 

4C,H,OH    +    SiCl4    =    4HC1    +    Si(OC,H6)4. 

It  is  a  colorless  liquid,  having  a  rather  pleasant  ethereal  odor,  and  strong 
peppery  taste;  sp.  gr.  0*993  at  20°.  It  boils  without  decomposition  be- 
tween 166°  and  160°  C.  (829°-330°  F.),  and  when  set  on  fire  burns  with  a 
dazzling  flame,  diffusing  a  white  smoke  of  finely  divided  silica.  It  is  de- 
composed slowly  by  water,  quickly  by  ammonia  and  the  fixed  alkalies. 

Diethyl*  tilicaU,  (C,H#),SiOr  or  (SiO)//(OC1H5)r  is  produced,  according 
to  Ebelmen,*  by  the  action  of  silicic  chloride  on  aqueous  alcohol: 

2C,H6OH    +    OH,    +    SiCl4    a   4HCI    +    (SiO)(OCtH,)P 

It  is  a  colorless  liquid,  of  sp.  gr.  1  079,  boiling  at  350°  C.  (662°  F. ),  decomposed 
by  water,  with  separation  of  silica.  On  distilling  it  with  a  small  quantity  of 
aqueous  alcohol,  a  liquid  remains  in  the  retort  consisting  of  diethylic  di- 
silicate,  (C,Ha}^Si,05,  or  (CLH^jSiO, .  SiO- 

Hezethylic  duilicate,  (CsH9)«Si9Oy,  or  6(C.H.)4Si04 .  2SHX.— Friedel  and 
Crafts*  were  not  able  to  obtain  the  two  ethylic  silicates  last  mentioned; 
but  having  prepared  a  considerable  quantity  of  tetrethylic  silicate  with  al- 
cohol that  was  not  quite  anhydrous,  they  found  that  the  greater  part  of  the 
product  distilled  over  toward  240°,  and  that  it  was  not  possible,  by  distil- 
lation under  the  ordinary  atmospheric  pressure,  to  obtain  a  product  of 
definite  boiling  point.  By  distillation  in  a  vacuum,  however  (under  a  pres- 
sure of  8  to  5  millimetres),  they  obtained,  after  eight  fractionations,  a  pro- 
duct boiling  between  125°  and  180°  C.  (267°-266°  F.),  and  having  the  com- 
position of  hezethylic  duilicate.  This  ether  is  a  slightly  oily  liquid,  having 
a  rather  fragrant  odor,  like  that  of  tetrethylic  silicate,  and  a  specific  grav- 
ity of  1-0196  at  0°. 

Silicic  ethers  containing  ethyl  and  methyl,  and  ethyl  and  amyl,  have 
likewise  been  obtained. 

The  ethylio  ethers  of  organic  acids  (carbon  acids)  will  be  described  in 
connection  with  those  acids. 

Ethyl  Sulph-hydrate,  or  Mercaptan,  C,H6SH. —  This  compound,  the  sul- 
phur analogue  of  ethyl  alcohol,  is  produced  analogously  to  methyl 
sulph-hydrate  (p.  515),  by  the  action  of  potassium  sulph-hydrate  on  cal- 
cium ethylsulphate.  A  solution  of  caustic  potash  of  sp.  gr.  1*28  or  1-8,  is 
saturated  with  sulphuretted  hydrogen,  and  mixed  in  a  retort  with  an  equal 
volume  of  solution  of  calcium  ethylsulphate  of  the  same  density.  The  re- 
tort is  connected  with  a  good  condenser,  and  heat  is  applied  by  means  of  a 
bath  of  salt  and  water.  Mercaptan  and  water  distil  over  together,  and 
are  easily  separated  by  a  tap-funnel.  The  product  thus  obtained  is  a 
colorless,  limpid  liquid,  of  sp.  gr.  0*842,  but  slightly  soluble  in  water,  easily 
miscible,  on  the  contrary,  with  alcohol.  It  boils  at  36°  C.  (96°  F.).  The 
vapor  of  mercaptan  has  a  most  intolerable  odor  of  onions,  which  adheres 
to  the  clothes  and  person  with  great  obstinacy :  it  is  very  inflammable,  and 
burns  with  a  blue  flame. 

When  mercaptan  is  brought  into  contact  with  mercuric  oxide,  even  in 
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the  cold,  violent  reaction  ensues,  water  is  formed,  and  a  white  substance  is 
produced,  soluble  in  alcohol,  and  separating  from  that  liquid  in  distinct 
crystals  which  contain  (CsH5)sS^Hg//.  This  compound  is  decomposed  by 
sulphuretted  hydrogen,  mercuric  sulphide  being  thrown  down,  and  mer- 
captan  reproduced.  By  adding  solutions  of  lead,  copper,  silver,  and  gold 
to  an  alcoholic  solution  of  mercaptan,  corresponding  compounds  containing 
those  metals  are  formed.  Caustic  potash  produces  no  effect  upon  mercap- 
tan, but  potassium  displaces  hydrogen,  and  gives  rise  to  a  crystallisable 
compound,  CSH6SK,  soluble  in  water.     Sodium  acts  in  a  similar  manner. 

Ethyl  Sulphides.  — Three  of  these  compounds  have  been  obtained,  analo- 
gous in  composition  to  the  methyl  sulphides,  and  produced  by  similar  re- 
actions. The  monosulphide,  (C,H6)S,  or  CSH6SC,H5,  is  a  colorless  oily  liquid, 
having  a  very  pungent  alliaceous  odor,  a  specific  gravity  of  0*826  at  20°  C. 
(68°  F.),  and  boiling  at  72°  C.  (162°  F.).  It  is  very  inflammable,  and  burns 
with  a  blue  flame.  When  poured  into  chlorine  gas,  it  takes  fire ;  but  when 
dry  chlorine  is  passed  into  a  flask  containing  it,  not  at  first  into  the  liquid, 
the  vessel  being  kept  cool  and  in  the  shade,  substitution-products  are 
formed  and  hydrochloric  aoid  is  copiously  evolved.  The  product  consists 
chiefly  of  dichlorethylic  sulphide,  (CJR4C\)fi.  If  the  action  takes  place  in 
diffused  daylight,  and  without  external  cooling,  the  compounds  (C^H^CI,)  J3 
and  (CjHCUjS  are  obtained,  which  may  be  separated  by  fractional  distil- 
lation, the  first  boiling  between  189°  and  192°  C.  (372°-878°F.),  the  second 
between  217°  and  222°  C.  (423-482°  F.).  The  action  of  chlorine  on  ethyl 
sulphide  in  sunshine  yields  a  more  highly  chlorinated  compound,  probably 

Ethyl  bisulphide,  (C,H6),Sr  obtained  by  distilling  potassium  bisulphide 
with  potassium  ethylsulphate  or  with  ethyl  oxalate,  is  a  colorless  oily  liquid, 
very  inflammable,  boiling  at  151°  C.  (302°  F.).  The  trisulphide,  (C,H§)^, 
is  a  heavy  oily  liquid,  obtained  by  acting  in  like  manner  on  potassium 
pentasulphide. 

Triethylsulphnreus  Compounds.* — When  ethyl  monosulphide  and  ethyl 
iodide  are  heated  together,  they  unite  and  form  sulphurous  iodotriethide, 
(C,H6)gS .  C,H6I,  or  Slv(C.H5),I,  which  crystallizes  in  needles.  The  same 
compound  is  formed  by  the  action  of  ethyl  iodide  on  ethyl  sulph-hydrate : 

2C8HSI        +        C,H5SH        =        HI        +        S(CA)|I, 
or  of  hydrogen  iodide  on  ethyl  monosulphide : 

HI        +        2(CtH6),S        =        C.H.SH        +        S(C,H§)8I. 
Sulphurous  iodotriethide  is  insoluble  in  ether,  slightly  soluble  in  alcohol,  and 
crystallizes  from  the  solution  in  white  deliquescent  needles  belonging  to  the 
monoclinio  system.     It  unites  with  metallic  chlorides. 

Ethyl  chloride  and  ethyl  bromide  unite  in  like  manner,  but  less  readily, 
with  ethyl  sulphide,  forming  the  compounds  S(CtH6)tCl  and  S(CsH6),Br, 
both  of  which  crystallize  in  needles. 

By  treating  the  iodine  compound  with  recently  precipitated  silver  oxide, 
a  Btrongly  alkaline  solution  iB  obtained,  which  dries  up  over  oil  of  vitriol 
to  a  crystalline  deliquescent  mass,  consisting  of  sulphurous  tricthyl-hydroxy- 
late,  (CtU6)fi(OU).  The  solution  of  this  substance  dissolves  the  skin  like 
caustic  potash,  and  forms  similar  precipitates  with  various  metallic  salts. 
It  neutralizes  acids,  forming  definite  crystallisable  salts,  e.y.,  the  nitrate, 
(C,H6)^ONOr  the  acetate  (C,H,)fS(OCsH,0},  &c. 

The  formulas  of  these  compounds  show  that  sulphur  is  at  least  quadri- 
valent (p.  237). 

diem.  Soc.  Journal,  xvi!.  108.     Cahourt,  Ann.  Co.  Pbarm.  cxxxv.  362; 
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It  hu  already  been  observed  that  the  three-carbon  alcohol,  CfH80,  is 
susceptible  of  two  isomeric  modifications,  namely : 

CHg 
fCH,CH8  I 

Normal  Propyl  alcohol       C 1  H,  or     CHS  thus 

lOH  I 

CH,OH 

;£H,  h8C  CH, 

Isopropyl  alcohol  C{n  or  V 


(.OH 


HCOH 


each  of  which  may  give  rise  to  a  corresponding  set  of  ethers  and  other 
derivatives.  The  normal  propyl  compounds,  however,  are  but  little  known, 
none  of  them  having  yet  been  prepared  synthetically,  except  propylamine 
and  propyl  cyanide,  to  be  afterwards  considered.  Chancel,  in  1853,  by 
subjecting  the  fusel-oil  of  marc  brandy,  prepared  in  the  south  of  Prance, 
to  fractional  distillation,  obtained  a  number  of  alcohols,  among  which  was 
one  to  which  he  assigned  the  composition  C,HfO;  this  has  usually  been 
regarded  as  normal  propyl  alcohol,  but  it  was  not  obtained  pure,  and  is 
altogether  very  little  known. 

Isopropyl  Alcohol,  CH(CH,)fOH.  —  This  alcohol  is  prepared:  1.  From 
acetone,  (CO)"(CHsU  by  direct  addition  of  hydrogen,  evolved  by  the 
action  of  water  on  sodium  amalgam : 

H«C  CH«  HgC  Co. 

V  +      h,      =  v 

CO  HCOH 

Acetone.  Isopropyl 

alcohol. 

This  mode  of  synthesis  affords  direct  proof  of  the  constitution  of  iso- 
propylic  alcohol,  the  addition  of  the  two  hydrogen* atoms  being  tantamount 
to  the  replacement  of  the  bivalent  radical  oxygen  by  the  two  monad  radi- 
cals, hydrogen  and  hydroxyl. 

2.  Isopropyl  iodide  is  prepared  by  the  action  of  iodine  and  phosphorus 
on  glycerin ;  this  iodide  is  easily  converted  into  the  oxalate  or  acetate  by 
treatment  with  silver  oxalate  or  acetate ;  and  from  either  of  these  ethers 
the  alcohol  may  be  obtained  by  distillation  with  potash  or  soda. 

Isopropyl  alcohol  is  a  colorless,  not  very  mobile  liquid,  having  a  peculiar 
odor,  a  specific  gravity  of  0  791  at  15°  C.  (60°  F.),  boiling  at  88°  to  84°  C. 
(181°-183°F.),  under  a  barometric  pressure  of  789  millimetres,  not  freezing 
at  20°.  It  does  not  act  on  polarized  light.  It  is  very  difficult  to  dry,  as  it 
mixes  with  water  in  all  proportions,  and  forms  with  it  three  definite  and 
very  stable  hydrates,  vis.,  3C,Hj0.20H,,  boiling  at  78°-80°  C.  (172°-176° 
F.);  2C,HgO.OHt,  boiling  at  80°;  and  8CjH§O.OHr  boiling  at  81°.  The 
second  of  these  hydrates  exhibits' a  very  close  resemblance  to  ethyl  alcohol, 
and  has  the  same  percentage  composition,  boils  at  nearly  the  same  tem- 
perature, and  likewise  yields  acetic  acid  by  oxidation  (see  p.  682);  more- 
over it  retains  its  water  of  hydration  so  obstinately,  that  it  does  not  even 
change  the  white  color  of  anhydrous  cuprio  sulphate  to  blue.  The  readiest 
mode  of  distinguishing  between  this  hydrate  and  ethyl  alcohol  is  to  submit 


582  ALCOHOLS  AND  ETHERS. 

them  to  the  action  of  iodine  and  phosphorus,  whereby  the  former  is  con- 
yerted  into  isopropyl  iodide,  the  latter  into  ethyl  iodide. 

The  characteristic  property  of  isopropyl  alcohol  is  that  it  yields  acetone 
by  oxidation  with  dilute  chromic  acid,  this  transformation  being  the  reverse 
of  that  by  which  it  is  produced: 


H8C  CH,  H,C  CH, 

"         +         0       =         V  +     OH, 

3H  CO 


HCO£ 


On  pushing  the  oxidation  further,  the  acetone  breaks  up  into  acetic  acid, 
carbon  dioxide  and  water : 

CO(CH,),    +    04    =    CO(OHt)OH    +    CO,    +    OH, 
Acetone.  Acetic  acid. 

The  evolution  of  carbon  dioxide  in  this  reaction  affords  a  further  distinc- 
tion between  hydrated  isopropyl  alcohol  and  ethyl  alcohol. 

The  formation  of  a  ketone  by  oxidation  is  the  essential  characteristic  of 
a  secondary  alcohol,  and  is  an  immediate  consequence  of  its  structure. 
The  primary  alcohols,  C»  Hto+-0,  are  directly  converted  by  oxidation  into 
aldehydes,  C,  HfcO,  and  acids, C. H*0„  not  into  ketones;  thus: 

CH,  CH, 

I  +  0         «  OH,         +         I 

CH/)H  H— C=0 

Ethyl  alcohoL  Aldehyde. 

C,H40  +  0  a  C,H40, 

Aldehyde.  Acetic  acid. 

Isopropyl  alcohol,  heated  with  acetic  acid,  or  with  potassium  acetate  and 
sulphuric  acid,  is  converted  into  uopropyl  acetate,  CH(CH,),OCtH,0. 

Isophoptl  Iodide,  CH(CH,),I,  is  most  conveniently  prepared  by  the  ac- 
tion of  hydriodio  acid,  concentrated  and  in  larger  excess,  on  glycerin 
(propenyl  alcohol)  C,H,0,: 

CtH,Of    +    6HI    =    C,HTI    +    80H,    +    2Ir 

The  iodine,  as  fast  as  it  is  set  free  by  the  reaction,  may  be  reconverted 
into  hydriodio  aoid  by  means  of  phosphorus,  and  will  then  be  ready  to 
aot  upon  another  portion  of  glycerin.  It  may  also  be  produced  by  the  ac- 
tion of  hydriodio  acid  on  isopropyl  alcohol,  aUyl  iodide,  C,H,I,  propone,  or 
propene  alcohol. 

Isopropyl  iodide  is  an  oil  boiling  at  89°-90°  C.  (192°-194°  F.),  and  having 
a  specific  gravity  of  1  -70.  With  eodium  in  presence  of  ether  it  yields  pro- 
pene, propane,  and  di-isopropyl,  C,H14.  Bromine  expels  the  iodine  and 
forms  isopropyl  bromide. 


QTJARTYL  OR  BUTYL  ALCOHOLS  AND  ETHERS. 

Theory  indicates  the  existence  of  four  alcohols  included  in  the  formula 
C4HwO,  two  primary,  one  secondary,  and  one  tertiary ;  thus, 
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Primary.  Secondary.      Tertiary. 


CHg            H,CCHt  CH,  H.CICH, 

CH,                 Cfl  CH,                  COH 

CH,                H,COH  H.COH             C^ 

H,COH  CH, 

Propyl  carbinol     Isopropyl  Methyl-ethyl  Trimethyl 

carbinoi  carbinol  carbinoL 


(CH,CH,CH, 
Propyl  Carbinol,  C  i  H,  . — This  alcohol  is  obtained  from  quartyl 

(OH 

ohloride,  C4H,C1  (produced  by  the  aotion  of  chlorine  or  quartane  or  diethyl, 
Cj.H^),  by  heating  that  chloride  with  potassium  acetate  and  strong  acetic 
acid,  whereby  it  is  converted  into  quartyl  acetate,  and  treating  that  com- 
pound with  barium  hydrate.  The  alcohol  thus  prepared  yields  butyric 
acid  by  oxidation.* 

(CH(CH,), 
Isopropyl  Carbinol,  C  -j  H,  . — This  variety  of  primary  butyl-alcohol 

was  found  by  Wurti  in  the  fusel-oil  obtained  by  fermenting  the  molasses 
of  beet-root  sugar.  To  separate  it,  this  oil  is  submitted  to  fractional  distil- 
lation, and  the  liquid  boiling  between  108°  and  118°  is  repeatedly  rectified 
over  potassium  hydrate,  till  it  boils  constantly  at  110°  C.  (230°  F.). 

Pure  isopropyl  carbinol  is  a  colorless  liquid,  having  an  odor  somewhat 
like  that  of  amyl  alcohol,  but  less  pungent,  and  more  vinous :  sp.  gr.  as 
0-8082  at  18-6°  C.  (65°  F.).  It  dissolves  in  10}  times  its  weight  of  water, 
and  is  separated  therefrom,  as  an  oil,  by  calcium  chloride,  sodium  chloride, 
and  other  soluble  salts.  By  oxidation  it  is  converted  into  butyric  acid, 
C4HtOr  whence  it  appears  to  be  a  primary  alcohol.  Formerly  also  this  alco- 
hol was  assumed  to  have  the  constitution  represented  by  the  first  of  the  for- 
mulas above  given ;  in  other  words,  to  consist  of  propyl~carbmol,CH  ^CgH^OH ; 
and  all  the  other  alcohols  of  the  series  produced  by  fermentation  were  sup- 
posed to  be  similarly  constituted.  This  assumption,  however,  did  not 
rest  on  very  exact  experimental  data;  and  from  recent  experiments  by 
Erlenmeyer,f  it  appears  that  butyl  alcohol  produced  by  fermentation  con- 
sists of  ieopropyl-carbinol,  CH.[CH(CHt),]OH,  or  is  represented  by  the 
second  of  the  formulae  above  given  for  the  primary  four-carbon  alcohol. 

Isopropyl-carbinol  is  acted  upon  by  acids  and  other  chemical  reagents 
much  in  the  same  manner  as  common  alcohol  (methyl-carbinol).  With 
strong  sulphuric  acid  it  yields  quartyl- sulphuric  acid,  S04H(C4H,),  if  the  mix- 
ture is  kept  cool ;  but  on  heating  the  liquid  quartette,  or  butylene,  C4H8  is 
given  off  mixed  with  sulphurous  oxide  and  carbon  dioxide.  Heated  with 
hydrochloric  acid  in  a  sealed  tube,  or  treated  with  phosphorite  pentachloride  or 
ozy chloride,  it  is  converted  into  quartyl  chloride,  CjH9Cl,  or  chloroquartane, 
an  ethereal  liquid,  having  a  pungent  odor,  and  boiling  at  70°  C.  (158°  F.); 
quartyl  bromide,  C4H,Br,  obtained  in  like  manner,  boils  at  89°,  the  iodide 
C4H,I,  at  121°  C.  (260  F.).  The  iodide  is  decomposed  by  potassium  or 
sodium,  yielding  diquartyl  or  ckbutyl,  CtHlt,  probably : 

•  9ch5yen,  Ann.  Ch.  Pharm.  cxxx^  238. 

>  Zritflchrift  fur  Chemie,  Nene  Bathe,  iii.  117.    The  details  of  the  investigation  are  not  yet 


f  Zritflchi 
published. 
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HSC 


V 


H/K 


H    H   H    H 


•CH, 


"CH. 


a  limpid  liquid,  lighter  than  water,  and  boiling  at  105°  G.  (221°  F.).     The 
same  hydrocarbon  is  obtained  by  the  electrolysis  of  valeric  acid,  CsH,gOr 


Ketayl*ethyl  Carbincl,  or  Secondary  Butylic  Alcohol,— C 


(  OH 


This 


alcohol  10  obtained  from  erythrite  (erythromannUe),  a  saccharine  substance 
having  the  composition  of  a  tetratomic  alcohol,  (LHMOj,  or  C4H,(OH).. 
The  erythrite,  distilled  with  fuming  hydriodic  acid,  yields  methyl-ethyl- 
iodomethane,  or  secondary  butyl  iodide,  C(CH,)(C,H«)HI,  and  this  liquid, 
treated  with  moist  silver  oxide,  is  converted  into  methyl-ethyl  carbinol: 


C(CH.)(CtHs)HI    + 
Methyl-ethyl  iodo- 
methane. 


C(CH,)(C2H5)HOH. 

Methyl-ethyl- 

carbinoL 


AgOH    ==    Agl 

Silver  Silver 

hydrate.       iodide. 

Methyl-ethyl  carbinol  is  a  colorless  oily  liquid,  having  a  strong  odor  and 
burning  taste,  a  specific  gravity  of  0-86  at  0°,  and  boiling  at  «5°-98°  C. 
(208°-208°  F.)  (about  10°  C.  (18°  F.)  lower  than  the  primary  alcohol).  When 
heated  to  26CP  C.  (482°  F.),  it  is  for  the  most  part  resolved  into  water  and 
quartene  or  butylene:  C4HwO  =  OHt  -f-  C4Hr 

Methyl-ethyl  Iodomethane,  or  Secondary  Butyl  iodide,  prepared  as  above,  or 
by  the  action  of  strong  hydriodic  acid  on  the  alcohol,  is  a  liquid  having  a 
pleasant  ethereal  odor,  a  specific  gravity  of  1-632  at  0°,  1-600  at  20°  C. 
(68°  F.)  and  1-684  at  80°  C.  (86°  F.).  It  boils  at  118°  C.  (244°  F.).  Bromine 
decomposes  it,  expelling  the  iodine  and  forming  quartene  dibromide 
C4H.cL  When  distilled  with  alcoholic  potash  it  gives  off  quartene..  This 
tendency  to  give  off  the  corresponding  define  is  characteristic  of  all  the 
secondary  alcohols  and  ethers,  as  will  be  further  noticed  in  connection  with 
the  five-carbon  compounds. 

Trimethyl  Carbinol  or  Tertiary  Butyl  Alcohol,  C  j  $x*\  *»  produced  by 

treating  sine  methide  with  oarbonyl  chloride  (phosgene  gas)  or  acetyl 
chloride,  and  submitting  the  product  to  the  action  of  water.* 

2COC1,    +    Zn(CHf),    =    ZnCl, 
Carbonyl  Zinc  Zinc, 

chloride.  methide.  chloride. 


2COCH.C1 

Acetyl 
chloride. 


COCH,qi    + 

Acetyl 
chloride. 


Zn(CHf), 

Zinc 
methide. 


=    ZnO      + 

Zinc, 
oxide. 


c  {(??.). 


Trimethyl 
chloromethane. 

c{(55»)s 


.  OH 

Trimethyl 

carbinol. 


,ci_    +    HOH  =    HC1       + 

Trimethyl-  Water, 

chloromethane. 

When  acetyl  chloride  is  used,  the  formation  of  trimethyl-chloromethane 
takes  place  by  a  very  simple  reaction.     In  the  case  of  carbonyl  chloride  it 
•  ButtUrvw,  Zettachrift  fflr  Ohem.  und  Pharm.  1864,  pp.  886,  702. 
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takes  place  by  two  stages,  the  first  of  which  is  the  production  of  acetyl 
chloride.  The  other  tertiary  alcohols,  to  be  noticed  hereafter,  are  obtained 
by  similar  series  of  reactions. 

The  properties  of  this,  and  of  the  other  tertiary  alcohols,  hare  not  been 
much  studied.  They  are  distinguished  from  the  primary  and  secondary 
alcohols  by  the  products  which  they  yield  with  oxidising  agents.  Primary 
alcohols  of  the  series  CB  H*+sO,  oxidising  with  chromic  acid,  yield,  as  already 
observed,  the  corresponding  acids,  C.  H*Ot;  secondary  alcohols,  the  corre- 
sponding ketones.  Tertiary  alcohols,  on  the  other  hand,  are  split  up  by 
oxidation,  yielding  bodies  containing  a  smaller  number  of  carbon-atoms : 
thus,  trimethyl  oarbinol  is  converted  by  oxidising  agents  into  formic  and 
propionic  acids : 


C4H„p    +    04    =    CH.O, 

Trimethyl  Formic 

oarbinol.  Mid. 


+     <W>».   + 

Propionio 

acid. 


OH, 
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The  formula  C6H)JB0  may  include  six  different  alcohols:  two  primary, 
three  secondary,  and  one  tertiary,  vis. : 


Primary      C- 


Secondary  C 


C  H  -C  HjO  H  aUHg 
H 
H 
OH 
Butyl  carbinoL 

G  HjC  HjCHg 
CHf 
H 
vOH 
Methyl-propyl 
carbinoL 


and 


C 


C 


fCH(CHf)i 

H  and 

OH 
Methyl-isopropyl 
carbinoL 


CHjCHfCH,), 
H 
H 
OH 
Isobutyl  carbinoL* 

CH.CH. 

CH,CHf 

H 

OH 

Diethyl 

carbinoL 


C 


CHjCH, 
Tertiary       C    ^{{9        Dimethyl-ethyl  carbinoL 
lOH* 
Of  these,  however,  only  two  have  been  distinguished  with  certainty,  vis., 
a  primary  alcohol,  produced  by  fermentation,  and  a  secondary  alcohol  ob- 
tained from  the  corresponding  olefine,  namely,  quintene  or  amylene. 

Isobutyl  CarMnol,  CHt((LH9)OH. — This,  according  to  Erlenmeyer,  is  the 
ordinary  amyl  alcohol  produced  by  fermentation.  In  the  manufacture  of 
brandy  from  corn,  potatoes,  or  the  must  of  grapes,  the  ethyl  alcohol  is 
found  to  be  accompanied  by  an  acrid  oily  liquid  called  fweUoU,  which  is 
very  difficult  to  separate  completely  from  the  ethyl  alcohol.  It  passes  over, 
however,  in  considerable  quantity  towards  the  end  of  the  distillation,  and 
may  be  collected  apart,  washed  by  agitation  with  several  successive  por- 
tions of  water  to  free  it  from  ethyl  alcohol,  and  re-distilled.  The  liquid 
thus  obtained  consists  chiefly  of  amyl  alcohol,  sometimes  mixed  with  pro- 
pylic,  butylio,  and  other  alcohols.  The  amyl  alcohol  may  be  obtained  pure  by 
fractional  distillation,  the  portion  which  passes  over  between  128°  and  132° 
C.  (262°-270°  F. )  being  collected  apart.  Potato  fusel-oil  consists  almost  wholly 
of  ethyl  and  amyl  alcohols,  the  latter  constituting  the  greater  quantity. 

•  The  four-carbon  radical  derived  from  methyl  by  substitution  of  isopropyl  for  one  atom 
of  hydrogen  may  be  called  feoquartyl  or  isobutyl. 
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Amyl  aloohol  is  an  oily,  colorless,  mobile  liquid,  haying  an  odor  peculiar 
to  itself,  and  a  burning  acrid  taste.  Its  vapor  when  inhaled  produces 
coughing  and  oppression  of  the  chest.  Its  specific  gravity  is  0-8111.  When 
dropped  on  paper  it  forms  a  greasy  stain,  which,  however,  disappears  alter 
a  while.  It  is  not  perceptibly  soluble  in  water,  but  floats  on  the  surface 
of  that  liquid  like  an  oil;  common  alcohol,  ether,  and  various  essential 
oils  dissolve  it  readily. 

Amyl  alcohol  usually  exerts  a  rotatory  action  on  polarised  light,  but  the 
rotatory  power  varies  considerably  in  different  samples.  Pasteur,  indeed, 
has  shown  that  ordinary  amyl  alcohol  is  a  mixture  of  two  isomeric  alcohols, 
having  the  same  vapor-density,  but  differing  in  their  optical  properties, 
one  of  them  turning  the  plane  of  polarisation  to  the  right,  whereas  the 
other  is  optically  inactive.  They  are  separated  by  converting  the  crude 
amyl  alcohol  into  amylsulphurio  acid,  saturating  with  barium  carbonate, 
and  crystallising  the  barium  amyl  sulphate  thus  formed.  The  salt  obtained 
from  the  active  amyl  alcohol  is  2}  more  soluble  than  that  obtained  from 
the  inactive  alcohol,  and  consequently  the  latter  crystallizes  out  first;  and 
by  precipitating  the  barium  from  the  solution  of  either  salt  with  sulphuric 
acid,  and  distilling  the  amylsulphurio  acid  thus  separated  with  water,  the 
corresponding  amyl  alcohol  is  obtained.  The  difference  of  optical  character 
between  the  two  alcohols — which  is  traceable  through  many  of  their  de- 
rivatives— has  not  been  satisfactorily  explained;  but  it  probably  depends 
upon  the  arrangement  of  the  molecules,  rather  than  upon  that  of  the  atoms 
within  the  molecule. 

Vapor  of  amyl  alcohol  passed  through  a  red-hot  tube,  yields  a  mixture 
of  ethene,  propene,  quartene,  and  quintene  or  amylene. 

Amyl  alcohol  takes  fire  easily  and  burns  with  a  blue  flame.  When  ex- 
posed to  the  air  in  contact  with  platinum  black,  it  is  oxidized  to  valeric 
acid,  CfH10Or  The  same  acid  is  obtained  by  heating  amyl  alcohol  with  a 
mixture  of  potassium  bichromate  and  sulphuric  add, 

CH,(C4Ht)OH        +        Ot       =       OH,        -f        CO(C4?t)OH. 
Amyl  alcohol.  Valeric  acid. 

Amyl  alcohol,  heated  to  220°  C.  (428°  F.)  with  a  mixture  of  potassium 
hydrate  and  lime,  is  converted  into  valeric  acid,  with  evolution  of  hydrogen: 

C6HwO        +        KHO        =        C4HtKO,        +        Hr 
Amyl  al-  Potassium 

cohol.  valerate. 

Potassium  and  sodium  dissolve  in  amyl  alcohol  as  in  ethyl  alcohol,  yield- 
ing the  compound,  CBHnKO,  and  C5HnNaO.  which,  when  treated  with  amyl 
iodide,  yield  amyl  oxide  or  amyl  ether,  (CfHu)sO;  and  with  ethyl  iodide, 
ethyl-amyl  oxide,  (CaHf)(CfHtl)0. 

Chlorine  acts  upon  amyl  aloohol  as  upon  ethyl  aloohol,  excepting  that  it 
finally  removes  only  four  atoms  of  hydrogen,  instead  of  five : 

C6H„0      -f      8C1,      =      4HC1      +      C§HSC1,0. 
Amyl  alcohol.  Chloramylal. 

Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol,  yielding 
ethers.  When  mixed  with  strong  sulphuric  acid,  it  is  converted  into  amyl- 
sulphurio acid,  (CfH„)HS04;  and,  on  distilling  the  mixture,  amyl  oxide, 
(C,Hlt),0,  passes  over,  together  with  amylene,  and  several  other  hydrocar- 
bons. 

Amylene,  or  Quintene,  CBHI0.  is  likewise  obtained,  together  with  quin- 
tane,  C6Hn,  and  higher  homologues  of  both  these  bodies,  by  distilling  amyl 
alcohol  with  zinc  chloride.  It  is  a  colorless  liquid,  having  a  peculiar  and 
somewhat  unpleasant  odor;  boils  at  35°  C.  (95° P.),  and  when  set  on  fire, 
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barns  with  a  bright,  very  smoky  flame. — Vapor  of  amylene  is  completely 
absorbed  by  antimony  pentachloride  and  sulphurio  oxide.— Strong  sul- 
phuric acid  dissolves  amylene,  when  the  two  are  shaken  up  together,  but 
the  hydrocarbon  soon  separates  as  an  oily  layer,  which  however  consists, 
not  of  amylene,  but  of  diamylene  (paramylene),  C^Hj,.  Amylene  unites 
with  hydrochloric,  hydrobromie,  and  hydriodio  acid,  forming  compounds 
isomeric  with  amyl  chloride,  &c. 

Ahtl  Chloride,  C8HnCl,  is  prepared  by  distilling  equal  weights  of  amyl 
alcohol  and  phosphorus  pentachloride,  washing  the  product  repeatedly 
with  alkaline  water,  and  rectifying  it  from  calcium  chloride.  Less  pure  it 
may  be  obtained  by  saturating  amyl  alcohol  with  hydrochloric  acid.  It  is 
a  colorless  liquid,  of  agreeable  aromatic  odor,  insoluble  in  water,  and  neu- 
tral to  test-paper:  it  boils  at  102°  C.  (216°  FA  and  ignites  readily,  burn- 
ing with  a  flame  green  at  the  edges.  By  the  long-continued  action  of  chlo- 
rine, aided  by  powerful  sunshine,  it  is  converted  into  octochlorinated  amyl 
chloride,  or  nonoehloroquintane,  C5HsClg,  a  volatile,  colorless  liquid,  smelling 
like  camphor :  the  whole  of  the  hydrogen  has  not  yet,  however,  been  re- 
moved. 

Amyl  Bromide,  C.H„Br,  is  a  volatile,  colorless  liquid,  heavier  than 
water.  It  is  obtained  by  distilling  amyl  alcohol,  bromine,  and  phosphorus 
together.  (See  ethyl  bromide,  p.  522.)  Its  odor  is  penetrating  and  allia- 
ceous. The  bromide  is  decomposed  by  an  alcoholic  solution  of  potash,  with 
reproduction  of  the  alcohol  and  formation  of  potassium  bromide. 

Amyl  Iodide,  C6H.,I,  is  procured  by  distilling  a  mixture  of  15  parts  of 
amyl  alcohol,  8  of  iodine,  and  1  of  phosphorus.  It  is  colorless  when  pure, 
heavier  than  water,  volatile  without  decomposition  at  146°  C.  (295  F.),  and 
in  other  respects  resembles  the  bromide :  it  is  partly  decomposed  by  ex- 
posure to  light.  Heated  to  290°  C.  (564°  F.)  in  sealed  tubes,  with  zinc,  it 
yields  diamyl,  C^H^  or  CSH„ .  C5H,lt  a  colorless  ethereal  liquid,  boiling  at 
155°  C.  (311°  F.),  and  isomeric,  or  identical  with  decane  (p.  474).  At  the 
same  time  there  is  formed  a  compound  of  sine  iodide  with  zino  amylide, 
Znf  CsHu)r  which  is  decomposed  by  contact  with  water,  yielding  sino  oxide 
ana  quintane  or  amyl  hydride  (p.  478) : 

Zn(CiHu)I    +    OH,    =    ZnO    +    2C5Hlr 

Amyl  Oxide,  (C^H^)/),  obtained  by  the  processes  already  mentioned, 
is  a  colorless  oily  liquid,  of  specific  gravity  of  0*779°,  and  boiling  at  176°. 

Amyl  Sulphuric,  or  Sulphamylio  Acid,  (C6Hn)HS04,  or  C5Hj.OSOtH. — 
The  barium  salt  of  this  acid,  (CfiH11)3Ba//(S04)3.  2  aq.,  prepared  like  the 
ethylsulphate  (p.  527),  crystallizes  on  evaporating  the  solution  in  small  bril- 
liant pearly  plates ;  the  difference  of  solubility  of  the  salts  prepared  from  op- 
tically active  and  optically  inactive  amyl  alcohol  has  already  been  mentioned. 
The  barium  may  be  precipitated  from  the  salt  by  dilute  sulphuric  acid,  and 
the  sulphamylio  acid  concentrated  by  spontaneous  evaporation  to  a  syrupy,  or 
even  crystalline  state :  it  has  an  acid  and  bitter  taste,  strongly  reddens 
litmus-paper,  and  is  decomposed  by  ebullition  into  amyl  alcohol  and  sul- 
phuric acid.  The  potassium  salt  forms  groups  of  small  radiated  needles, 
very  soluble  in  water.  The  sulphamylates  of  calcium  and  lead  are  also  sol- 
uble and  crystallizable. 

Amyl  sulph-hydrate,  C6HHSH,  and  Amyl  sulphide,  (C5HU)^S,  have  likewise 
been  obtained :  they  resemble  the  ethyl  compounds  in  their  properties  and 
reactions. 

Fusel-oil  or  Grain-spirit. — The  fusel  oil,  separated  in  large  quantities 
from  grain-spirit  by  the  London  rectifiers,  consists  chiefly  of  amyl  alcohol 
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mixed  with  ethyl  alcohol  and  water.  Sometimes  it  contains  in  addition 
more  or  less  of  the  ethyl*  or  amyl-compounds  of  certain  fatty  acids  thought 
to  have  been  identified  with  oananthylic  and  palmitic  acids.  These  last- 
named  substances  form  the  principal  part  of  the  nearly  solid  fat  produced 
in  this  manner  in  whiskey  distilleries  conducted  on  the  old  plan.  Mulder 
has  described,  under  the  name  of  corn-oil,  another  constituent  of  the  crude 
fusel-oil  of  Holland :  it  has  a  very  powerful  odor,  resembling  that  of  some 
of  the  umbelliferous  plants,  and  is  unaffected  by  solution  of  caustic  potash. 
According  to  Mr.  Rowney,  the  fusel-oil  of  the  Scotch  distilleries  contains 
in  addition  a  certain  quantity  of  capric  acid,  C)0Ha0Or  Amyl  alcohol,  in 
addition  to  butyl  alcohol,  has  been  separated  from  the  spirit  distilled  from 
beet-molasses,  and  from  artificial  grape-sugar  made  by  the  aid  of  sulphu- 
ric acid.  Although  much  obscurity  yet  hangs  over  the  history  of  these 
substances,  it  is  generally  supposed  that  they  are  products  of  the  fermen- 
tation of  sugar,  and  have  an  origin  contemporaneous  with  that  of  common 
alcohol. 

H,C  CH, 

V 
CH 
Methyl-itopropyl  carbinol,  CH(CHt)[CH(CHt)1]^OH  =       I         or  Amyl- 

HCOH 


CH, 


ene  hydrate*  (CIHI0)//  {  ?«•  —  This  is  a  secondary  alcohol  produced  from 

amylene,  CfiH,0,  by  combining  that  substance  with  hydriodic  acid,  and  de- 
composing the  resulting  hydriodide,  C8H10.HI,  with  moist  silver  oxide, 
whereby  silver  iodide  and  amylene  hydrate  are  obtained : 

2(CSHW.HI)  +  Ag,0  +  H,0  =  2AgI  +  2[CIHI0.H(OH)]. 

A  portion  of  the  hydriodide  is  at  the  same  time  resolved,  by  the  heat 
evolved  in  the  reaction,  into  hydriodic  acid  and  amylene;  and,  on  submit- 
ting the  resulting  liquid  to  fractional  distillation,  the  amylene  passes  over 
first,  and  then,  between  106°  and  108°  C.  (221°  and  226°  F.),  the  amylene 
hydrate  or  methyl- isopropyi  carbinol. 

This  alcohol  is  a  liquid  having  a  specific  gravity  of  0*829  at  0°,  and  a 
pungent  ethereal  odor,  quite  distinct  from  that  of  ordinary  amyl  alcohol. 
Heated  with  strong  sulphuric  acid,  it  is  converted,  not  into  amylsulphuirio 
acid,  but  into  hydrocarbons  polymeric  with  amylene,  viz.,  diamylene,  or 
decene,  C^H^,,  and  triamylene,  or  quindecene,  CttHjp.  Hydriodic  add  con- 
verts it,  at  ordinary  temperatures,  into  amylene  hydriodide,  CgH^HI, 
boiling  at  130°  C.  (266°  P. ),  (amyl  iodide  at  146°  C.  [296°  F.T ).  Hydrochloric 
acid  converts  it  (even  at  0°)  into  amylene  hydrochloride,  CjHtt  HC1,  having 
a  boiling  point  10°  C.  (18°  F.)  below  that  of  amyl  chloride.  On  mixing  it 
with  two  atoms  of  bromine  at  a  very  low  temperature,  a  red  liquid  is  formed, 
which,  as  soon  as  it  attains  the  ordinary  temperature  of  the  air,  is  resolved 
into  water  and  amylene  bromide.  Heated  for  some  time  to  100°  C.  with  strong 
acetic  acid,  it  yields  amylene,  together  with  a  small  quantity  of  amylene 
acetate.  Sodium  dissolves  in  amylene  hydrate  with  evolution  of  hydrogen, 
forming  a  colorless  translucent  mass,  which  has  the  composition  C6H10NaOH, 
and  is  decomposed  by  amylene  hydriodide  in  the  manner  shown  by  the 
equation : 

CsH10NaOH    +    C5H10HI    =    CfiH10    +    C6H10H(OH)     +    NaL 

Sodium  com-  Amylene       Amylene.  Amylene 

pound.  hydriodide.  hydrate. 

From  these  reactions  it  is  apparent  that  amylene  hydrate  or  methyl- 
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isopropyi  carbtnol  is  especially  distinguished  from  amy  I  alcohol  or  butyl 
carbinol,  by  the  facility  with  which  it  gives  up  the  corresponding  define. 
This  peculiarity  is  exhibited  also  by  all  the  secondary  alcohols  of  the  series. 
These  alcohols  indeed  may  be  regarded  as  connecting  links  between  the 
primary  monatomic  alcohols  and  the  secondary  alcohols,  or  glycols;  e.g.: 

(VMOH)  C.H,„{Hj  C.H,„{OH 

Amyl  alcohol.  Amylene  Amylene  glycol, 

hydrate. 


8EXTYL,  OB  HEXYL,  ALCOHOLS  AND  ETHERS. 

The  number  of  possible  modifications  of  an  alcohol  increases  with  the 
number  of  carbon-atoms  in  its  molecular  formula.  Thus  we  have  seen  that 
there  may  be  two  propyl  alcohols,  CsH80,  four  butyl  alcohols,  C4H,0O,  and 
six  amyl  alcohols,  C6HltO.  The  six-carbon  formula,  C9HM0,  will  in  like 
manner  be  found  to  include  ten  isomeric  alcohols — three  primary,  four 
secondary,  and  three  tertiary ;  but  as  the  manner  in  which  these  modifica- 
tions arise  has  been  sufficiently  explained  in  the  preceding  pages,  the 
further  development  of  the  theoretical  formulas  may  be  left  as  an  exercise 
for  the  student. 

The  number  of  modifications  of  the  six-carbon  alcohol  actually  known,  is 
fire ;  of  which  two  are  primary,  one  is  secondary,  and  the  remaining  two 
are  tertiary. 

Primary  Hexyl  Alcohols. — The  normal  alcohol,  or  Amyl-carbxnol,  C.H.. 

(OH),  or  C  -I  H-     ,  is  prepared  by  treating  sextane,  or  hexyl  hydride, 

C6H|4,  obtained  from  American  petroleum,  with  chlorine,  converting  the 
resulting  hexyl  chloride,  C^H^Cl,  into  hexyl  acetate,  C6H1S(0C3HS0), 
by  treatment  with  silver  acetate,  and  distilling  the  hexyl  acetate  with 
potash.  The  hexyl  alcohol  thus  prepared  boils  at  about  160°  G.  (802°  F.), 
and  smells  like  amyl  alcohol. 

Another  primary  hexyl  alcohol  was  found  by  Faget  in  fusel-oil.  The 
statements  respecting  it  are  not  very  exact,  but  as  it  is  produced  by 
fermentation,  it  is  probably  constituted  like   ordinary  amyl  alcohol,  and 

(  CH.CHjCH^H,), 
therefore  in  the  manner  represented  by  the  formula,  C  \  H 

(OH 
Both  these  alcohols,  when  oxidized  by  chromic  acid,  yield  caproio  acid, 
C6HuOr 

ICHjCH^H,), 
CH, 
OH 
or  Hexylene  hydrate,  CeHlt  j  ^H.  —  This  alcohol,  discovered  by  Wanklyn 

and  Erlenmeyer,*  is  produced  from  mannite,  a  saccharine  body  having  the 
composition  of  a  hexatomic  alcohol,  C6H8(OH)6,  by  treating  that  substance 
with  a  large  excess  of  very  strong  hydriodio  acid,  whereby  it  is  converted 
into  secondary  hexyl  iodide,  or  hexylene  hydriodide,  C6HirHI: 

C,Hf(OH)e     +     11HI     =     CeHItHI     +     60H,    +    61,; 
and  digesting  this  hydriodide  with  silver  oxide  and  water : 

CMHItHI    +     H,0     -f    Ag,0     =     2AgI     +    C«H„H(OH). 
•  Journal  of  the  Chemical  Society  [2],  i.  221. 
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It  is  a  viscid  liquid,  having  a  pleasant,  refreshing  odor;  boil*  at  187°; 
has  a  sp.  gr.  of  0-8827  at  0°,  0-8209  at  16°,  and  0-7482  at  99°,  so  that  it  ex- 
pands somewhat  rapidly  by  heat.  Strong  hydrochloric  aeid  converts  it 
into  the  corresponding  hydrochloride,  CcHttHCl,  which  boils  at  120°  C. 
(248°  F.)f  and  yields  hexylene  when  digested  at  100°  C,  with  alcoholic 
potash. 

Hexylene  hydrate,  or  methyl-isobutyl  carbinol,  is  converted  by  oxidation 
with  potassium  bichromate  and  sulphuric  acid,  into  a  ketone,  CfH„0  = 


(CHjCHtCH,), 
U  C" 


C  <  CH-  ,  which  does  not  absorb  oxygen  from  the  air ;  but,  when 

(.0" 

further  treated  with  the  oxidising  mixture  just  mentioned,  yields  butyric, 
acetic,  and  carbonic  acids,  and  water.  These  reactions  show  that  the  al- 
cohol in  question  is  a  secondary  aloohoL 

Tertiary  Haxyl  Alcohols. — Three  of  these  alcohols  are  possible,  namely: 
Methyl-diethyl  carbinol  G  \ 


Propyl-dimethyl  carbinol 


9MW 


(CH(CH,), 
(CH,), 


fCH.(C 

rcH(c 


The  third  has  not  yet  been  obtained.     The  first  is  prepared  by  treating 
line  ethyl  with  acetyl  chloride,  and  decomposing  the  resulting  methyl- 

f  CHf 
diethyl-chlorethane,  C  -j  (C.H5)r  with  water ;  the  second  by  proceeding  in 

like  manner  with  sine  methyl  and  butyryl  chloride,  COtCgH^CL 


8EPTYL,  OB  HBPTYL,  ALCOHOLS  AND  BTHUA. 
Of  these  compounds  only  the  normal  primary  alcohol,  CfH^OH),  or 
Hexyl  carbinol,  C  \  H-     ,  is  known  with  certainty.    It  is  prepared,  either 


'{Sir  'k 


by  the  action  of  nascent  hydrogen  (evolved  by  the  action  of  sodium 
gam  on  water)  on  oenanthylio  aldehyde  (o&nanthol) : 

CjHM0        +        H,        =*        C-H^O; 
Aldehyde.  Alcohol. 

or  from  septane  or  heptyl  hydride,  C-H^,  in  the  same  manner  as  hexyl 
alcohol  from  hexyl  hydride  (p.  589).  It  is  a  colorless,  oily  liquid,  insoluble 
in  water ;  but  its  properties  are  not  much  known. 

Another  heptyl  alcohol  was  separated  by  Faget  from  fusel-oil;  and  a 
third  has  been  said  by  several  ohemists  to  be  obtained,  together  with  octyl 
alcohol,  by  distilling  castor-oil  with  excess  of  potash ;  but,  according  to 
the  most  trustworthy  experiments,  there  is  but  one  alcohol  obtained  by  this 
process,  Yis.,  an  8-carbon  alcohol. 
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OCTTL  ALCOHOLS  AND  OTHERS. 

Alcohols  having  the  composition  C8HtfO  are  obtained :  1.  From  the  octane 
or  octyl  hydride  of  American  petroleum,  by  the  series  of  processes  already 
indicated  in  the  case  of  hexyl  alcohol.  2.  By  distilling  castor-oil  with 
potash.  The  first  is  an  oily  liquid,  having  a  specific  gravity  of  0-826  at 
16°,  and  boiling  at  180°-184°  G.  (866°-*68°  F.).  Its  structure  is  not  exactly 
known,  but  it  closely  resembles  the  alcohol  obtained  from  castor-oil,  both 
in  its  physical  properties  and  in  its  reactions. 

The  chloride,  C8HnCl,  obtained  by  the  action  of  chlorine  on  octane,  is 
also  very  similar  in  its  properties  to  that  obtained  from  the  alcohol  of 
oastor-oil  by  the  Action  of  phosphorus  pentachloride. 

Secondary  Ootyl  Alsohol,  or  Methyl-hexyl  Carbinol, 

C.H,,  H    H   H    H    H        ...CH, 

CH,        or     H, Q— C— C— C— C— C  -:( 

OHH  H    H  ''  CHt 


H 
OH 


This  alcohol  is  produced  by  heating  castor-oil  with  excess  of  solid  potas- 
sium hydrate.  Castor-oil  contains  ricinoleic  acid,  CjgH^O,;  and  this  acid, 
when  heated  with  potash,  yields  free  hydrogen,  a  distillate  containing 
methyl-hexyl  carbinol,  together  with  products  of  its  decomposition,  and  a 
residue  of  potassium  sebate : 

C»}hflt    +     2KOH    =    C.H^O    +    CJInKfiA    +    Hr 
Bicinoleio  Octyl  Potassium 

acid.  alcohol.  sebate. 

To  separate  the  alcohol,  the  distillate  is  repeatedly  rectified  over  fused 
potash,  the  portion  boiling  below  200°  C.  (892°  F. )  only  being  collected : 
this  liquid,  subjected  to  fractional  distillation,  yields  a  portion  boiling  at 
181°,  which  is  the  pure  secondary  octyl  alcohol.  The  portions  of  the  orig- 
inal distillate  having  a  lower  boiling  point,  consist  of  defines,  amongst 
which  octylene,  C8H^.  boiling  at  125°  C.  (257°  F.),  preponderates.* 

Methyl-hexyl  carbinol  is  a  limpid  oily  liquid,  having  a  strong  aromatic 
odor,  and  making  grease  spots  on  paper.  It  has  no  action  on  polarised 
light.  It  has  a  specific  gravity  of  0-828  at  17°,  and  boils  at  181°  C.  (858° 
F.).  It  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  wood-Bpirit, 
and  acetic  acid.  It  mixes  with  sulphuric  acid,  forming  octyl-sulphuric  acid, 
CgHnHS04,  generally  also  octylene  and  neutral  octyl-sulphate.  Fused  sino 
chloride  converts  it  into  octylene.  With  potassium  and  sodium  it  yields 
substitution-products. 

Methyl-hexyl  carbinol,  oxidised  with  potassium  biohromate  and  sulphu- 
ric acid,  yields  the  corresponding  ketone,  vis,,  methyl-oananthol, 

f  C  H 
(00)"(CtH„)(C^9  or  C\  (&,"   thus, 
10" 

{•   ■  f  C  H 

™*      +  0    =    OH,    +    d(V 
OH  1° 

~  Methyl-hexyl  Methyl 

carbinol.  oenanthol. 

4e       .a^^.^og.or.h.*,,***.,^™ 
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By  the  prolonged  action  of  the  oxidising  mixture,  this  ketone  ia  farther 
oxidized  to  caproic  and  acetic  acids: 

C.H.,0    +    04    =    C.H^O,    +    CsH40,    +    OHr 
Methyl  Caproic  Acetic 

oenanthoi.  acid.  acid. 

These  reactions  show  that  the  alcohol  produced  from  castor-oil  is  a  sec- 
ondary alcohol ;  and  from  further  considerations,  for  which  we  must  refer 
to  Schorlemmer's  paper  above  cited,  it  is  inferred  to  contain  the  radical 
isopropyl,  that  is,  to  have  one  of  its  carbon-atoms  directly  combined  with 
three  others. 

Oetyl  chloride,  C8H„C1,  produced  by  the  action  of  phosphorus  pentachlo- 
ride  on  the  alcohol,  has  a  specific  gravity  of  0*892  at  18°  G.  (64°  F.),  and 
boils  at  175°  C.  (847°  F.).  Heated  with  alcoholic  potash,  it  yields  octene, 
CgHw;  by  alcohol  and  potassium  acetate,  it  is  converted  into  octene  and 
octyl  acetate. 

fC8H1T 

Honyl  Alcohol,  CtHttO,  or  Oetyl  Carbinol,  C  i  H,     ,  is  obtained  by  the 

series  of  reactions  above  described  from  nonane  or  nonyl-hydride,  which 
is  one  of  the  constituents  of  American  petroleum,  and  likewise  occurs,  to- 
gether with  nonenc,  CtH,g,  in  that  portion  of  the  liquid  obtained  by  dis- 
tilling amyl  alcohol  with  zinc  chloride,  which  boils  between  134°  and  160° 
C.  (273°  and  302°  F.).  Nonyl  alcohol  boils  at  about  200°.  Nonyl  chloride, 
CtHltCl,  has  a  specific  gravity  of  0-899  at  16°  C.  (60°  F.),  and  boils  at  196°. 
The  alcohols  of  the  series,  C.H^+,0,  containing  from  10  to  15  carbon- 
atoms,  are  not  known,  but  compound  ethers  containing  12  and  14  carbon- 
atoms  appear  to  occur  in  spermaceti. 

Sexdecyl,  or  Cetyl  Alcohol,  CjeH^O^C^H^OH),  also  called  Ethal,  is  ob- 
tained from  spermaceti,  a  crystalline  fatty  substance  found  in  peculiar  cav- 
ities in  the  head  of  the  sperm  whale  (Phyeeter  macrocephaltui).  This  sub- 
stance consists  of  cetyl  palmitate,  C9iU9fly  or  CMHS10S  C16Hft,  and  when 
heated  for  some  time  with  solid  potash,  is  resolved  into  potassium  palmitaie 
and  cetyl  alcohol: 

cnHsi°i-CisHsi  +  K0H  =  C«H8l°JK  +  C*H»(0H)- 
The  cetyl  alcohol  is  dissolved  out  from  the  fused  mass  by  alcohol  and  ether, 
and  purified  by  several  crystallizations  from  ether. 

Cetyl  alcohol,  or  ethal,  is  a  white  crystalline  mass,  which  melts  at  about 
60°,  and  crystallizes  by  slow  oooling  in  shining  laminae.  It  has  neither 
taste  nor  smell,  ia  insoluble  in  water,  but  dissolves  in  all  proportions  in 
alcohol  and  ether.  When  heated  it  distils  without  decomposition.  With 
sodium  it  gives  off  hydrogen  and  yields  sodium  cetylate,  0MH9KO.  It  is 
not  dissolved  by  aqueous  alkalies ;  but  when  heated  with  a  mixture  of  pot- 
ash and  lime,  it  gives  off  hydrogen,  and  is  converted  into  palmitic  acid: 

CieHs40    +    KOH    =    C^HjjOjK    +    2Hr 

Distilled  with  phosphorus  pentachloride  it  yields  cetyl  chloride,  C-H^OL,  a 
limpid  oily  liquid,  having  a  specific  gravity  of  0-8412  at  12°,  and  distilling 
with  partial  decomposition  at  a  temperature  above  200°.  Cetyl  iodide, 
C16HMI,  obtained  by  treating  the  alcohol  with  iodine  and  phosphorus,  is  a 
solid  substance  which  melts  at  22°,  dissolves  in  alcohol  and  ether,  and 
crystallizes  from  alcohol  in  interlaced  laminae. 

According  to  Heintz,  cetyl  alcohol,  or  ethal,  prepared  as  above,  is  not 
a  definite  compound,  but  a  mixture  of  sexdecyl  alcohol,  C,«HMOr  with 
small  quantities  of  three  other  alcohols  of  the  same  series,  containing  re- 
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apeetively  12,  14,  and  18  atoms  of  carbon,  inasmuch  as,  when  fused  with 
potash-lime,  it  yields  the  corresponding  fatty  acids  CaH*Or 

Ceryl  Alcohol,  C^H^O  =  CnHfc(OH);  also  called  Cerotic  alcohol  and 
Cerotin. — This  alcohol  is  obtained  from  Chinese  wax  or  Pela,  a  secretion 
enveloping  the  branches  of  certain  trees  in  China,  and  supposed  to  be  pro- 
duced by  the  puncture  of  an  insect.  This  wax  consists  mainly  of  ceryl 
cerotaUy  CnHM0, .  C^H^,  and  is  decomposed  by  fused  potash  in  the  same 
manner  as  spermaceti,  yielding  potassium  cerotate  and  ceryl  alcohol: 
CyWVC^H*    +    KOH    =    C^H^K    +    C^H^OH). 

On  digesting  the  fused  mass  with  boiling  water,  a  solution  of  potassium 
cerotate  is  obtained,  holding  ceryl  alcohol  in  suspension ;  and  by  precipi- 
tating the  cerotic  acid  with  barium  chloride  and  treating  the  resulting  pre- 
cipitate with  alcohol,  the  ceryl  alcohol  dissolves,  and  may  be  purified  by 
repeated  crystallisation  from  alcohol  or  ether.  It  then  forms  a  waxy  sub- 
stance, melting  at  97°  C.  (206°  P.).  Heated  with  potash -lime,  it  gives  off. 
hydrogen,  and  is  converted  into  potassium  cerotate.  At  very  high  temper- 
atures it  distils,  partly  undecomposed,  partly  resolved  into  water  and  cero- 
tene,  C-H^;  by  this  character  it  would  appear  to  be  related  to  the  secon- 
dary alcohols.  With  sulphuric  acid  in  excess,  it  forms  hydrated  neutral  ceryl 
sulphate,  (Cs7HM),S04.OHr 

Myricyl  Alcohol,  CwH^O  =  CwHf.(OH).—  This  alcohol,  the  highest 
known  member  of  the  series,  C.  H,,  +,0,  is  obtained  from  myricin,  the  por- 
tion of  common  bees'-wax  which  is  insoluble  in  boiling  alcohol.  Myricin 
consists  of  myricyl  palmitate,  CwH810s .  C^H^  and  when  heated  with 
potash  is  decomposed  in  the  same  manner  as  spermaceti  and  Chinese  wax, 
yielding  potassium  palmitate  and  myricyl  alcohol.  On  dissolving  the  pro- 
duct in  water,  precipitating  with  barium  chloride,  exhausting  the  precipi- 
tate with  boiling  alcohol,  and  dissolving  the  substance  deposited  from  the 
alcohol  in  mineral  naphtha,  pure  myricyl  alcohol  separates  as  a  crystalline 
substance,  having  a  silky  lustre.  When  heated,  it  partly  sublimes  unal- 
tered, and  is  partly  resolved  (like  ceryl  alcohol)  into  water  and  melene, 
CjoHgQ.  With  strong  sulphuric  acid  it  yields  myricyl  sulphate.  Heated  with 
potash  lime,  it  gives  off  hydrogen,  and  is' converted  into  potassium  melissate : 

csoHti°     +     K0H    =    c«oH»°*K    +    2Hr 
The  mother-liquor  from  which  the  myricyl  alcohol  has  crystallized  out, 
as  above  mentioned,  retains  a  small  quantity  of  an  isomeric  alcohol,  which 
melts  at  72°  C.  (162°  F.),  and  when  treated  with  potash-lime  yields  an  acid 
containing  a  smaller  proportion  of  carbon. 


0.  Monatomio  Alcohols,  C.H»0,  or  C.H^OH. 
Two  alcohols  of  this  series  are  known,  vii. : 

Vinyl  alcohol,  CfH40  =  C-H.fOH). 
Allyl  alcohol,  C,H40  =  CfH8(0H). 
The  first,  discovered  by  Berthelot*  in  1860,  is  produced  by  combining 
elhine  or  acetylene  with  sulphuric  acid,  and  distilling  the  product  with 
water,  just  as  in  the  preparation  of  ethyl  alcohol  from  ethene : 
S04HH  +        C,H,        =  804H(C,H8). 

Sulphuric  acid.  Ethine.  Vinyl-sulphuric  acid. 

•  Oomptaa  Rendu,  1 806. 
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SO^rCjH,)      +        HOH        =        S04HH        +        C,H,(OH) 

Vinyi-sul-  Water.  Sulphuric  Vinyl 

phuric  acid.  acid.  alcohol. 

It  is  an  easily  decomposable  liquid,  baring  a  highly  pungent  odor,  soi 

what  more  volatile  than  water,  soluble  in  10  to  15  parts  of  that  liquid,  and 
precipitated  from  the  solution  by  potassium  carbonate.  Its  chemical  reac- 
tions hare  not  been  much  examined,  but  it  is  probably  a  secondary  alcohol, 

CH, 
represented  by  the  formula  II  .     It  is  isomeric  with  acetic  aldehyde 

CHOH 
and  ethylene  oxide  (p.  484V     The  univalent  radical  vinyl,  C,Hr  which  may 
be  supposed  to  exist  in  it,  is  related  to  the  trivalent  radical  ethenyl  (p.  468), 
in  the  same  manner  as  allyl  to  propenyl  (see  below). 

CHf 

.     Allyl  Aleohol,  Cfy,  =  C,Hs(OH)  =  CH       .—This  alcohol,  discovered 

CH,OH 
by  Cahours  and  Hofmann*  in   1866,  maybe  supposed  to  contain  the 
univalent  radical  allyl,  CfH6,  derived    from  a  saturated   hydrocarbon, 
CH, 


OH,  by  abstraction  of  one  atom  of  hydrogen,  and  isomeric  with  the  triva- 

CHf 

lent  radical  propenyl,  (CtHs)'",  derived  in  like  manner  from  the  bivalent 
—  CH, 

radical  propene,  —  CH ,  or  from  the  saturated  hydrocarbon  propane, 

CH. 
CH, 

CH„  by  abstraction  of  three  atoms  of  hydrogen.    Allyl  and  propenyl  com- 

CH, 

pounds,  indeed,  are  easily  converted  one  into  the  other  by  addition  or  sab- 
traction  of  two  atoms  of  a  monad  element  or  radical. 

To  obtain  the  alcohol,  allyl  iodide  is  first  prepared  by  the  action  of  phos- 
phorus tetriodide  on  propenyl  alcohol  (glycerin) : 

2(C,H5)"'(OH)t    +    *A    =    2C.H.I    +    2P(OH),    +    I, 
Propenyl  Allyl  Phosphorous 

alcohol.  iodide.  acid. 

The  allyl  iodide  is  next  decomposed  by  silver  oxalate,  yielding  allyl 
oxalate: 

2C.H.I        +        C.04Ag,        =        2Agt        +        C,04(C,HB),; 
Allyl  Silver  Silver  Allyl 

iodide.  oxalate.  iodide.  oxalate. 

and  the  allyl  oxalate  is  decomposed  by  ammonia,  yielding  oxamide  and 
allyl  aleohol: 

CA(CtHt).        +        WHs.       =        (W'fNH,),        +       2C,H.(OH) 
Allyl  Ammonia.  Oxamide.  Allyl 

o**to*  *  ™^,  »_      *—     ,  alcohol. 

•  PldL  ftana,  1887,  p.  1.  ' 
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Allyl  alcohol  is  a  colorless  liquid,  having  a  pungent  odor  and  a  spirituous 
burning  taste.  It  mixes  in  all  proportions  with  water,  common  alcohol, 
and  ether;  boils  at  103°  C.  (217°  F.) ;  burns  with  a  brighter  flame  than 
common  alcohol. 

Ally!  alcohol  is  a  primary  alcohol,  similar  in  all  its  ordinary  reactions  to 
ethyl  alcohol.  By  oxidation  in  contact  with  platinum-black,  or  more 
quickly  by  treatment  with  potassium  bichromate  and  sulphuric  acid,  it  is 
converted  into  acrylic  aldehyde  (acrolein),  C8M50,  and  acrylic  acid,  CsH4Or 
compounds  related  to  it  in  the  same  manner  as  common  aldehyde  and  acetic 
acid  to  ethyl  alcohol.  Heated  with  phosphoric  oxide,  it  yields  allylene, 
CSH4.  With  potassium  and  sodium  it  yields  substitution-products.  Strong 
sulphuric  acid  converts  it  into  allyl-sulphurio  acid.  With  the  bromides  and 
chlorides  of  phosphorus  it  yields  allyl  bromide,  CtHftBr,  and  allyl  chloride, 
CfH,CL 

Allyl  Bromides. — The  monobromide,  C.HfiBr,  prepared  as  just  men- 
tioned, or  by  distilling  propene  bromide,  C,H6Br^  with  alcoholic  potash,  is 
a  liquid  of  sp.  gr.  1-17,  and  boiling  at  62s  C.  (144°  F.).  A  tribromide  of 
allyl,  CsH6Brr  is  obtained  by  adding  bromine  to  the  mono-iodide  in  a  vessel 
surrounded  by  a  f reeling  mixture.  It  is  a  liquid  of  sp.  gr.  1  *436  at  28°  C. 
(73°  F.).  boiling  at  217°  C.  (422°  F.),  and  solidifying  when  cooled  below 
10°  C.  (50°  F.).  It  is  isomeric  with  propenyl  bromide  or  tribromhydrin, 
obtained  by  the  action  of  phosphorus  pentabromide  on  glycerin. 

A  diallyl  tetrabromide,  C6H,0Br4,  is  formed  by  the  direct  combination  of 
diallyl  (p.  487)  with  bromine ;  it  is  a  crystalline  body,  melting  at  37°. 

Allyl  Iodides. — The  mono-iodide,  C8H8I,  obtained,  as  above  described, 
by  distilling  glycerin  with  phosphorus  tetriodide,  is  a  liquid  of  sp.  gr. 
1-780  at  16°  C.  (60°  F.),  and  boiling  at  100°  C.  (320°  F.),  It  is  decom- 
posed by  sodium,  with  formation  of  diallyl,  C6HI0.  By  the  action  of  sino 
or  mercury  and  hydrochloric  or  dilute  sulphuric  acid,  it  is  converted  into 
propene  (or  allyl  hydride) : 

2CfH5I    +    Zna    +    2HC1    =    ZnCl,    +    Znl,    +    2C8Hr 

Diallyl  tetriodide,  CSHWT4,  is  a  crystalline  body  obtained  by  dissolving 
iodine  in  diallyl  at  a  gentle  heat. 

Allyl-sulphubic  Acid,  S04H(C8H8),  is  produced  by  adding  allyl  alcohol 
to  strong  sulphuric  acid.  The  solution,  diluted  with  water  and  neutralised 
with  barium  carbonate,  yields  barium  allylsulphate,  (S04)tBa"(C8H6)j. 

Allyl  Oxide,  (CsH5)sO,  is  produced  by  the  action  of  allyl  iodide  on 
potassium  allylate  (the  gelatinous  mass  obtained  by  dissolving  potassium 
in  allyl  alcohol) : 

C.H8OK         +        C8H8I        =        KI  +        (C8H5),0. 

It  is  a  colorless  liquid,  boiling  at  82°. 

Allyl  Sulphide,  (CjH^jS.  —  This  compound  exists,  together  with  a 
small  quantity  of  allyl  oxide,  in  volatile  oil  of  garlic,  and  is  formed  arti- 
ficially by  distilling  allyl  iodide  with  potassium  monosulpbide : 

2CfHfiI        +        K,S        =        2KI        +        (C8H8),S. 

To  prepare  it  from  garlic,  the  sliced  bulbs  are  distilled  with  water,  and 
the  crude  oil  thus  obtained  —  which  is  a  mixture  of  the  sulphide  and  oxide 
of  allyl  —  is  subjected  to  the  action  of  metallic  potassium,  renewed  until  it 
is  no  longer  tarnished,  whereby  the  allyl  oxide  is  decomposed,  after  which 
the  sulphide  may  be  obtained  pure  by  redistillation.  In  this  state  it  forms 
46* 
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a  colorless  liquid,  lighter  than  water,  of  high  refractive  power,  possessing 
in  a  high  degree  the  peculiar  odor  of  the  plant,  and  capable  of  being  dis- 
tilled without  decomposition.  Allyl  sulphide,  dissolved  with  alcohol  and 
mixed  with  solutions  of  platinum,  silver,  and  mercury,  gives  rise  to  crys- 
talline compounds,  consisting  of  a  double  sulphide  of  allyl  and  the  metal, 
either  alone  or  mixed  with  a  double  chloride. 

Volatile  oil  of  mmtard  consists  of  allyl  sulphocyanate,  C,Hf .  CNS,  and 
will  be  described  in  connection  with  the  sulphocyanio  ethers. 

Allyl  Sulph-htdbats,  or  Allyl  Mbbca.pt am,  C,H§(SH),  obtained  by 
distilling  allyl  iodide  with  potassium  sulph-hydrate,  is  a  volatile  oily  liquid, 
having  an  odor  like  that  of  garlic  oil,  but  more  ethereal ;  boiling  at  90° 
C.  (194°  F.).  It  attacks  mercuric  oxide,  like  ethyl  mercaptan,  forming  the 
compound  (CiH^&Hg". 


y.  Monatomio  Alcohols,  C.  H^.,0,  or  C,  HM0H. 

Only  one  alcohol  of  this  series  is  at  present  known,  vii. : 

Camphol,  C^^O     =     C^H^OH). 

Of  this  compound  there  are  several  physical  modifications,  distinguished 
from  one  another  by  their  action  on  polarized  light. 

One  variety,  called  Bortuol  or  Borneo  camphor,  is  obtained  from  Drya- 
balanops  camphora,  being  found  in  cavities  of  the  trunks  of  old  trees  of  that 
species.  It  has  a  dextro-rotatory  power  =  84*4°.  A  second,  having  av 
dextro-rotatory  power  of  44*9°,  is  produced,  together  with  camphic  acid, 
by  the  aotion  of  alcoholic  potash  on  common  camphor,  to  which  indeed 
camphol  bears  the  same  relation  that  ethyl  alcohol  bears  to  aldehyde : 

2CWHM0    +    OH,    =    CjoH^O    +    C^H^O, 
Camphor.  Camphol.       Camphic  acid. 

A  third  variety,  possessing  a  dextro-rotatory  power  of  4-5°,  is  obtained 
by  distilling  amber  with  potash ;  and  a  fourth,  called  Uevo-camphol,  which 
has  a  lsBVO-rotatory  power  of  88*4°  (equal  and  opposite  to  that  of  borneol), 
is  found  in  the  alcohol  produoed  in  the  fermentation  of  sugar  from  mad- 
der-root. 

Dextro-rotatory  camphol,  both  natural  and  artificial,  forms  small  trans- 
parent, oolorless  crystals,  apparently  having  the  form  of  regular  hexago- 
nal prisms,  insoluble  in  water,  very  soluble  in  alcohol  and  ether.  It  melts 
at  198°  C.  (888°  F.),  and  boils  at  212°  C  (414°  F.),  distilling  without  altera- 
tion. Lssvo-rotatory  camphol  forms  crystalline  laminss,  or  a  white  powder, 
sparingly  soluble  in  water,  easily  in  aoetio  acid,  alcohol,  and  ether.  Both 
varieties  smell  like  pepper  and  common  camphor. 

Camphol,  distilled  with  phosphorio  oxide,  gives  up  water,  and  yields  a 
hydrocarbon,  C,<,H,9,  isomeric  with  turpentine  oiL  When  boiled  with  nitric 
acid,  it  gives  off  two  atoms  of  hydrogen,  and  is  reduced  to  the  correspond- 
ing aldehyde,  viz.,  common  or  laurel  camphor,  ClffHl90,  which  is  dextro-  or 
lnvo-rotatory,  according  to  the  variety  of  camphol  used.  With  other  acids, 
camphol  behaves  like  alcohols  in  general,  forming  ethers:  thus,  when 
heated  in  a  sealed  tube  with  strong  hydrochlorio  acid,  it  forms  camphor 
chloride,  C.0H1TC1,  a  crystalline  laovo-rotatory  substance  isomeric  with  hy- 
drochloride of  turpentine  oil,  C10H«. .  HC1  (p.  489).  With  benzoic  acid 
camphol  forms  camphyl  benzoate,  C7H50,.  CMHiy. 
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a,  Monatomio  Alcoholi,  CH^O,  or  C.H^OH. 

These  alcohols  correspond  to  the  aromatio  hydrocarbons,  and  are  there- 
fore called  aromatic  alcohol*.  The  lowest  member  of  the  series  corresponds 
to  beniene,  and  therefore  contains  six  atoms  of  carbon.  Now,  the  consti- 
tutional formula  of  bensene  (p.  498)  shows  that  in  this  hydrooarbon  every 
carbon-atom  is  directly  combined  with  two  others.  Hence,  when  one  of 
the  hydrogen-atoms  in  bensene  is  replaced  by  hydroxyl,  the  resulting  alco- 
hol must  be  a  secondary  alcohol.  The  relation  of  this  alcohol,  called  phenol, 
to  bensene,  is  shown  by  the  following  formulas : 


H— C— C— H 

H-l    L-H 

H— C=C— H 
Bensene. 


H— C— C— OH 

H-J    C— H 

H- A=C-H 
Phenol. 


It  appears,  then,  that  there  can  be  no  primary  six-carbon  alcohol  of  the 
aromatic  series.  But  with  the  higher  aloohols  of  the  series  the  case  is  dif- 
ferent. For  in  any  homologue  of  benzene, — formed,  as  already  observed, 
by  replacing  one  or  more  of  the  hydrogen-atoms  in  that  body  with  an  alco- 
hol radical  of  the  series  C.^-}.,,  viz.,  methyl  and  its  homologues, — the 
substitution  of  hydroxyl  for  hydrogen  may  take  place  either  in  the  benzene 
molecule  itself,  or  in  the  methyl,  ethyl,  &c,  attached  to  it ;  in  the  latter 
ease  the  carbon-atom  united  with  hydroxyl  will  be  directly  combined  with 
only  one  other  atom  of  carbon,  so  that  a  primary  alcohol  will  result ;  but 
in  the  former  case,  the  carbon  united  with  hydroxyl  will  still  be  combined 
also  with  two  other  atoms  of  carbon,  so  that  the  resulting  alcohol  will  be 
secondary;  thus, 


H— C— C— H 

H— C    C—H 

H— C=C— CHa 
Methyl  benzene,  or 
Toluene. 


H— C— C— H 

H— C    C—H 

H— C=C— CHaOH 
Primary  alcohol. 


H— C— C-OH 

H— C    C—H 

H— C^C— CH, 
Secondary  alcohol. 


In  the  higher  terms  of  the  series,  a  greater  number  of  isomeric  alcohols 
may  exist,  inasmuch  as  each  of  the  isomeric  hydrocarbons  containing  a 
given  number  of  carbon-atoms  (p.  494)  may  furnish  a  primary  and  a 
secondary  monatomio  alcohol.  Thus  the  formulae  CgHw  include  sethyl  ben- 
zene, CtHs(C2H(),  and  dimethyl  beniene,  CsHi(CH1)r  to  each  of  which  there 
corresponds  a  primary  and  a  secondary  alcohol : 


H— C— C— H 

h-IIh 

H— C=C— CHjCH, 
Ethyl-benzene. 

H— C-C— H 

hJLh 

H— C^C-^CHjCHjOH 
Primary  alcohol. 

H— C— C-OH 

hJLh 

H— C=C— CH,CHf 
Secondary  alcohol. 

H— C— C— H 

H-J!    <5— CHt 

H— C=C-CHa 
Dimethyl-benzene. 

H— C— C— H 

H-C    C— CH, 

H— C=C— CH2OH 
Primary  alcohol. 

H— C— C— OH 

H— C    C— CHt 

H— C=C— CHr 
Secondary  alcohol. 

^ 

548  AROMATIC  ALCOHOLS  AND  ETHERS. 

The  constitution  of  the  primary  aromatic  alcohols  is  similar  to  thai  of 
the  alcohols  of  the  methyl  series,  in  this  respect,  that  the  carbon-atom 
combined  with  hydroxyl  is  also  directly  associated  with  two  atoms  of  hy- 
drogen; and  accordingly  these  alcohols,  when  subjected  to  the  action  of 
oxidizing  agents,  easily  give  up  these  two  atoms  of  hydrogen  in  exchange 
for  an  atom  of  oxygen,  and  are  thereby  converted  into  acids,  the  group, 
CH,OH,  being  converted  into  COOH,  just  as  in  the  conversion  of  common 
alcohol,  CH,CH.OH,  into  acetic  acid,  CHsCOOH.  But  in  the  secondary 
aromatic  alcohols,  or  phenols,  the  carbon-atom  united  with  hydroxy!,  has 
its  three  other  units  of  equivalence  satisfied  by  combination  with  two  other 
carbon-atoms,  and  there  is  no  hydrogen  in  its  immediate  neighborhood 
to  be  exchanged  for  oxygen :  hence,  these  alcohols  are  not  converted  by 
oxidation  into  acids  containing  the  same  number  of  carbon-atoms. 

The  actually  known  alcohols  of  the  aromatic  series  are  the  following: 

Primary.  Secondary. 

Phenol,       C6H5OH 
Bensyl  alcohol,        C-H..CH.OH  Cresol,        C,H4(CH.)OH 

fPhlorol,       C,H4(C,H5)OH 
Xylyl  alcohol,  CTH7 .  CH,OH         i  Dimethyl 

[      phenol,  CsHs(CH,),OH 
Cymyl  alcohol,       C,HU .  CHtOH  Thymol,      C€H8(C,H4),OH  ? 

Sycoceryl  alcohol,  C17Hn .  CHaOH 

The  secondary  aromatic  alcohols  are  often  designated  by  the  generic 
name  of  phenol*;  thus  cresol  is  methyl-phenol,  phlorol  is  ethyl-phenol,  &c. 
There  are  also  diatomic  and  triatomic  phenols,  which  will  be  noticed  here- 
after. 
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Benxyl  Alcohol,  C.HgO=C7H7(OH)=CjH&.CH1OH;  also  called  Benzoic 
alcohol* — This  alcohol  is  produced:  1.  By  the  action  of  alcoholic  potash 
on  benzoic  aldehyde  (bitter-almond  oil) : 

2CTH60        +        KOH        =        CTH80        +        CTH50,K 

Benzoic  Benzyl  Potassium 

aldehyde.  alcohol.  benzoate. 

2.  From  toluene,  CTHS,  by  converting  that  compound  into  benzyl  chloride, 
C.HTC1,  by  the  action  of  chlorine  at  high  temperatures  (p.  496),  and  dis- 
tilling this  chloride  with  potash : 

CTHTC1        +        KOH        *=        KC1        +        CTHTOH. 

8.  Together  with  other  products,  by  the  action  of  nascent  hydrogen  on 
benzoic  or  hippuric  acid  (see  those  acids). 

Benzyl  alcohol  is  a  colorless,  strongly  refracting,  oily  liquid,  having  a 
specific  gravity  of  1051  at  14°  C.  (67°  P.),  and  boiling  at  206-6°  C.  (404° 
F.).  It  is  insoluble  in  water,  but  soluble  in  all  proportions  in  common  al- 
cohol, ether,  acetic  acid,  and  carbon  bisulphide.  By  oxygen  in  presence 
of  platinum  black,  or  by  nitric  acid,  it  is  converted  into  benzoic  aldehyde; 
by  aqueous  chromic  acid,  into  benzoic  acid: 

CeH6.CH,OH        +        O        =        OH,        +        C6Hs.COH 
Benzyl  alcohol.  Benzoic  aldehyde. 

C6II5.CH2OH        -f        02       =        OH,        +       C6H5.CO(OH) 
Benzyl  alcohol.  Benzoic  acid. 

•  Oarmizzaro,  Ann.  Ch.  Pharm.  lxxxrlii.  129;  xc.  252;  xcii.  113. 


2C10HW0    +    KOH 

=    C10HnO,K 

Cuminic 

Potassium 

aldehyde. 

cumulate. 
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Heated  with  boric  oxide,  it  is  converted  into  benzyl  oxide,  C7HTOCTH»,  or 
(C,HT),0: 

2C7HT(OH)  —  OH,  =  (C7H7),0. 

8trong  hydrochloric  aoid  converts  it  into  benzyl  chloride,  C7HTC1  (p.  406). 
Distilled  with  acetic  acid  and  strong  sulphuric  acid,  it  is  converted  into 
benzyl  acetate,  C7H7(0CsHs0),  a  liquid  having  an  odor  of  pears,  and  boiling 
at  210°  C.  (410  F.) 

Xylyl  Alcohol,  C8HwO  =  C8HL(OH)=C7H7.  CH,OH,  or  C8H4(CH)8.  CH,OH, 
also  called  Toluylic  alcohol. —  The  formation  of  this  compound  is  exactly 
analogous  to  that  of  the  preceding,  vii. :  1.  Together  with  toluio  acid, 
(CgHgOj),  by  the  action  of  alcoholic  potash  on  toluic  aldehyde,  (C8H80l. 
2.  By  distilling  xylyl  chloride  (p.  498)  with  potash.  It  is  a  white  crystal- 
line body,  which  melts  between  68-6°  and  69  5°  0.  (138°  and  140°  F.),  and 
boils  at  217°  C.  (422°  F.).     Nitric  acid  converts  it  into  toluic  aldehyde. 

Xylyl  chloride,  C,H9C1,  is  obtained,  as  already  observed,  by  the  action  of 
chlorine  on  xylene-vapor  at  high  temperatures ;  and  this  chloride,  treated 
with  sulph-hydrate  and  potassium  sulphide,  yields  xylyl  sulph-hydrate, 
C,H,(SH),  and  xylyl  sulphide  (C8H,),S. 

Cymyl  Alcohol,  CipH,4O=C10Hw(OH)=CtHu.CHaOH,  also  called  CumyUe 
Alcohol. — This  alcohol,  discovered  by  Kraut,*  is  produced  by  the  action 
of  alcoholic  potash  on  cuminic  aldehyde : 

C,0Hl4O 
Cymyl 
alcohol. 

It  is  a  colorless  liquid,  boiling  at  243°  C.  (470°  F.),  insoluble  in  water, 
soluble  in  all  proportions  in  common  alcohol  and  ether.  Nitric  acid  con- 
verts it  into  cuminic  acid.  Boiled  with  alcoholic  potash,  it  is  converted  into 
potassium  cuminate  and  cymene : 

8C10HM0    +    KOH    =    C10HnO,K    +    2C10HM    +    20H, 
Cymyl  Potassium  Cymene. 

alcohol.  cuminate. 

Hydrochloric  acid  gas  converts  it  into  cymyl  chloride,  C10HttCl« 

Bycoeeryl  Alcohol,  C18HJ0O=C1§Hn(OH)=CH17Hn.CH,OH.— This  com- 
pound, discovered  by  De  la  Hue  and  Muller,f  is  produced  by  the  action  of 
alcoholic  soda  on  sycooeryl  acetate  (a  crystalline  substance  extracted  from 
the  resin  of  Ficus  rubiginosa),  and  purified  by  precipitation  with  water  or 
by  crystallisation  from  common  alcohol.  It  forms  very  thin  crystals  re- 
sembling caffeine,  and  melting  at  90°  to  a  liquid  heavier  than  water.  It 
is  slowly  attacked  by  dilute  nitrio  acid,  yielding  a  crystalline  mass  ap- 
parently consisting  of  a  mixture  of  sycoccric  acid%  ClsHtfOr  and  nitrosycoceric 
acid,  CtfH^(NO,)Or  Boiled  with  dilute  aqueous  chromic  acid,  it  yields  thin 
prisms,  probably  of  Sycoceric  aldehyde,  ClgH^O.  With  acetyl  chloride,  it 
forms  crystalline  tycoceryl  acetate: 

C18HsOH    +    C?H8OCl    =    HQ    +    CjsH^OCjH.O 
Bycoeeryl  Acetyl  Bycoeeryl 

alcohol,  chloride.  acetate. 

With  benzoic  acid  it  yields,  in  like  manner,  tycoceryl  bcnzoate,  C18HMOC7H,0, 
which  crystallizes  in  prisms  from  solution  in  benzene  or  chloroform. 

The  resin  of  Ficus  rubiginosa,  an  Australian  plant,  is  resolved  by  treat- 
ment with  alcohol,  into  about  73  per  cent,  of  sycoretin,  soluble  in  cold  alcohol, 

•  Ann.  Oh.  Pharm.  xcli.  66.  f  Phil.  Tram.  1860,  p.  43. 
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14  per  cent,  of  sycoceryl  acetate,  soluble  in  hot  alcohol,  and  18  percent,  of 
residue,  consisting  of  caoutchouc,  sand,  and  fragments  of  bark.  Sycoretai 
is  an  amorphous  white  neutral  resin,  very  brittle  and  highly  electric;  it 
melts  in  boiling  water  to  a  thick  liquid  which  floats  on  the  surface.  It 
dissolves  easily  in  alcohol,  ether,  chloroform,  and  oil  of  turpentine. 


8B00NDABY  AROMATIC  AL0OHOL8;  PHENOLS. 

Phenol,  CfHfO=C,H§OH. — Phenyl  alcohol,  Pheme  acid.  Carbolic  add,  Coat-tar 
creosote. — This  compound  is  produced:  1.  By  the  action  of  nitrous  acid  on 
aniline  (amidobenxene) : 

C.H.fNH,)     +    NO(OH)    =    CfHs(OH)    +    OH,    +    N, 
Aniline.  Nitrous  Phenol, 

acid. 

2.  By  the  dry  distillation  of  salicylic  acid: 

C7H,Ot        =        CO,        +        C,H,0 
Salicylic;  Carbon  PhenoL 

acid.  dioxide. 

It  may  be  conveniently  prepared  by  heating  orystallised  salicylic  acid 
strongly  and  quickly  in  a  glass  retort,  either  alone  or  mixed  with  pounded 
glass  or  quicklime.  Phenol  then  passes  over  into  the  receiver,  and  crys- 
tallizes almost  to  the  last  drop. 

8.  Phenol  is  produced  in  the  dry  distillation  of  coal,  and  forms  the  chief 
constituent  of  the  acid  portion  of  coal-tar  oil;  this  is  the  source  from  which 
it  is  most  frequently  obtained.  Crude  coal-tar  oil  is  agitated  with  a  mix- 
ture of  slaked  lime  and  water,  the  whole  being  left  for  a  considerable  time; 
the  aqueous  liquid  is  then  separated  from  the  undissolved  oil,  decomposed 
by  hydrochloric  acid,  and  the  oily  product  thus  obtained  is  purified  by 
cautious  distillation,  the  first  third  only  being  collected.  Or  the  coal-tar 
oil  is  subjected  to  distillation  in  a  retort  furnished  with  a  thermometer,  and 
the  portion  which  passes  over  between  the  temperatures  of  150°  and  200°  C. 
(802°  and  890°  F. )  is  collected  apart.  This  product  is  then  mixed  with  a  hot, 
strong  solution  of  caustic  potash,  and  left  to  stand,  whereby  a  whitish, 
somewhat  crystalline,  pasty  mass  is  obtained,  which  by  the  action  of  water 
is  resolved  into  a  light  oily  liquid  and  a  dense  alkaline  solution.  The  latter 
is  withdrawn  by  a  siphon,  decomposed  by  hydrochloric  acid,  and  the  sepa- 
rated oil  purified  by  contact  with  calcium  chloride,  and  redistillation. 
Lastly,  it  is  exposed  to  a  low  temperature,  and  the  crystals  formed  are 
drained  from  the  mother-liquid  and  carefully  preserved  from  the  air. 

Pure  phenol  forms  long,  colorless,  prismatic  needles,  which  melt  at  85° C. 
(95°  F.)  to  an  oily  liquid,  boiling  at  180°  C.  (866°  F.),  and  greatly  resem- 
bling creosote*  in  many  particulars,  having  a  very  penetrating  odor  and 
burning  taste,  and  attacking  the  skin  of  the  lips.  Its  sp.  gr.  is  1*065.  It 
is  slightly  soluble  in  water,  freely  in  alcohol  and  ether,  and  has  no  acid 
reaction  to  test-paper.  The  crystals  absorb  moisture  with  avidity,  and 
liquefy. f  It  coagulates  albumen,  and  is  a  powerful  antiseptic,  preserving 
meat  and  other  animal  substances  from  decomposition,  and  even  removing 
the  fetid  odor  from  them  after  they  have  begun  to  putrefy.     It  has  also 

•  A  considerable  portion  of  the  creosote  of  commerce  constats  of  phenol  or  carbolic  add, 
more  or  lens  pure. 

f  Phenol  prepared  from  salicylic  acid  is  much  less  deliquescent  than  that  Obtained  from  coal- 
tar. 
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been  successfully  used  by  Mr.  Crookes  for  destroying  the  infection  of  cattle 
plague.  Sulphur  and  iodine  dissolve  in  it;  nitrio  acid,  chlorine,  and  bro- 
mine attack  it  with  energy,  forming  substitution-products,  all  of  which  are 
of  acid  character:  thus  with  chlorine  it  forms  the  two  compounds,  C6H4C120 
and  C.HtCLO;  and  with  nitrio  acid  the  three  products,  C6H.(NOs)0, 
C,HA(N0,),O.  and  C6Ht(NO,)80. 

With  sulphuric  acid,  phenol  forms  sulphophenic  arid,  C6H8SOi,  or  C6H6 
OSO,H,  which  assumes  a  syrupy  state  in  a  dry  vacuum.  This  acid  is  to  a 
certain  extent  analogous  in  composition  to  ethylsulphuric  acid,  and  forms 
a  soluble  barium  salt,  which  crystallizes  from  alcohol  in  minute  needles. 

Phenol  dissolves  in  alkalies,  forming  salts  called  phenates,  which,  how- 
ever, are  difficult  to  obtain  in  definite  form.  Potassium  phenate,  CeH5KO, 
obtained  by  heating  phenol  with  potassium,  or  with  solid  potassium  hy- 
drate, crystallizes  in  fine  white  needles.  On  heating  this  potassium-com- 
pound with  iodide  of  methyl,  ethyl,  or  amyl,  double  ethers  are  produced, 
viz.,  methyl-phenate,  or  anisol,  C6H6OCH8;  ethyl-phenate,  or  phenetol, 
CtHftOCtH6,  and  amyl-phenate,  or  phenamylol,  C6HsOC5Hn.  These  bodies 
resemble  the  mixed  ethers  of  the  ordinary  alcohols  (p.  609)  in  composition 
and  mode  of  formation,  but  differ  greatly  from  them  in  their  behavior  with  * 
sulphuric  and  nitrio  acids,  with  which  in  fact  they  behave  just  like  phenol 
itself,  forming  substitution- products  possessing  acid  properties. 

Methyl  phenate,  or  Anisol,  C7H80  —  C6H.OCHj,  is  also  produced,  with  evo- 
lution of  carbon  dioxide,  by  the  dry  distillation  of  methyl  salicylate,  C7H6 
O. .  CH-  just  as  phenol  is  obtained  from  salicylic  acid  or  hydrogen  salicy- 
late, CTHftO .  H  : 

C-H.O..CH.        s        CO.       +        C-H.O.CH. 

Methyl  Methyl 

salicylate.  phenate. 

In  the  same  manner  also  may  ethyl  phenate  and  amyl  phenate  be  obtained 

from  the  corresponding  ethers  of  salicylic  acid. 

Anisol  is  a  colorless,  very  mobile  liquid,  having  a  pleasant  aromatio  odor, 
a  specific  gravity  of  0-991  at  15°  C.  (69°  F.),  and  boiling  without  decompo- 
sition at  152°  C.  (306°  F.).  It  dissolves  completely  in  strong  sulphurio 
acid,  forming  sulphanisolic  acid,  CTHgS04.  Fuming  nitric  acid  acts  strongly 
on  anisol,  forming  three  substitution-products,  each  of  which  when  treated 
with  a  reducing  agent,  such  as  ammonium  sulphide,  yields  a  corresponding 
basic  amido-compound :  thus, 

C.H7(NO,)0  C7H7(NH?)0 

Nitranisol.  Nitranisidine. 
CTH,(NO;),0  C7H,(NH,)?0 

Dinitramsol.  Dinitranisidine. 

C7*tyNO,)sO  C7H6(NH)80 

Trimtranisol.  Trinitranisidine. 

No  such  substitution-products  are  obtained  from  the  mixed  or  compound 
ethers  of  any  primary  alcohol. 

Phenol,  distilled  with  phosphorus  pentachloride,  yields  a  distillate  contain- 
ing a  small  quantity  of  phenyl  chloride  or  chloro-benzene,  C6H6C1  (p.  494), 
and  a  residue  containing  a  triphenyl  phosphate,  P04(C6H6)8,  or  diphenyl 
phosphate,  P04(C.H5)2H ;  but  the  conditions  under  which  one  or  the  other 
of  these  compounds  is  formed  have  not  been  exactly  determined. 

With  benzoic  chloride,  phenol  yields  a  white,  fusible  crystalline  compound 
consisting  of  phenyl  benzoate,  or  benzyl  phenol : 

C.H5(0H)     +    C7H50C1    =    HC1    +    C,H.0C7H60 
Phenol.  Benzoio  Phenyl 

chloride.  benzoate, 
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Phenol,  heated  for  a  long  time  with  ammonia  in  seeled  tabes,  is  eaavertod 
into  aniline,  C6H,N. 

ChloropkenoU. — Monochlorphenol  has  not  been  obtained. 

Dichlorophenol,  or  Chlorophenerie  acid,  CeH4Cl,0,  is  produced  by  the  com- 
paratively feeble  action  of  chlorine  on  phenol,  but  is  best  obtained  by  the 
dry  distillation  of  dichlorosalicylio  acid.  It  is  a  volatile  oil,  insoluble  in 
water,  easily  soluble  in  alcohol  or  ether. 

Trichlorophenol,  or  Chhrophenitie  acid,  C6HfClfO,  is  the  principal  product 
of  the  action  of  chlorine  on  phenol.  It  may  be  conveniently  prepared  from 
those  portions  of  crude  coal-oil  which  boil  between  182°  and  204°  C.  (860° 
and  400°  F.).  The  oil  is  saturated  with  chlorine,  and  distilled  in  the  open 
air,  the  first  and  last  portions  being  rejected ;  and  the  product  is  again 
treated  with  chlorine  until  the  whole  solidifies.  The  crystals  are  drained 
and  dissolved  in  hot  dilute  solution  of  ammonia :  on  cooling,  the  sparingly 
soluble  ammonium  chlorophenisate  crystallises  out.  This  is  dissolved  in 
pure  water,  decomposed  by  hydrochloric  acid,  washed,  and  lastly  distilled. 

Chlorophenisic  aoid  forms  exceedingly  fine,  colorless,  silky  needles, 
,  which  melt  when  gently  heated :  it  has  a  very  penetrating,  persistent,  and 
characteristic  odor,  is  very  sparingly  soluble  in  water,  but  dissolves  freely 
in  alcohol,  ether,  and  hot  concentrated  sulphuric  acid.  It  slowly  sublimes 
at  common  temperatures,  and  distils  with  ebullition  when  strongly  heated. 
It  forms  well-defined  salts,  the  general  formula  of  which  is  CfHjNCl/). 
When  treated  in  alcoholic  solution  with  excess  of  chlorine,  it  is  converted 
into  pentachlorophenol,  or  chlorophenusic  acid,  CfHCl60,  which  is  also 
crystalline. 

Bromophenolt. — Three  bromophenols  have  been  obtained,  riz.,  C^BrO 
and  C6H4Br30,  by  distillation  of  monobromoBalicylic  and  dibromosalicylio 
acids ;  and  CsHaBr80  by  the  action  of  bromine  in  excess  on  phenoL  The 
first  is  liquid;  the  other  two  are  crystalline. 

IodophenoU,  CeH5IO,  CsHJsO,  and  0,11,1,0,  are  produced  by  the  action 
of  iodine-chloride  on  phenol. 

Nitrophenolt. — Three  of  these  compounds  are  known,  all  of  acid  character. 

Mononitrophenol,  or  Nitrophenanc  acidt  C,H6(NO,)0,  is  obtained  by  distilling 
phenol  with  very  dilute  nitric  acid,  in  beautiful  yellow  needles,  soluble  in 
ammonia  and  potash,  and  yielding  a  beautiful  red  silver  salt,  C,H4Ag(NO,)0. 

ZHnitrophenol,  or  Nitrophenesic  add,  CtH4(NO,),0,  may  be  prepared  directly 
from  the  oil  which  is  employed  in  the  preparation  of  mononitrophenol. 
The  oil  is  carefully  mixed  in  a  large  open  vessel  with  rather  more  than  its 
own  weight  of  ordinary  nitric  acid.  The  action  is  very  violent  The 
brownish-red  substance  produced  is  slightly  washed  with  water,  then  boiled 
with  dilute  ammonia,  and  filtered  hot.  A  brown  mass  remains  on  the  filter, 
which  is  preserved  to  prepare  trinitrophenol,  and  the  solution  deposits  on 
cooling  a  very  impure  ammoniacal  salt  of  nitrophenesic  acid,  which  requires 
several  successive  crystallisations,  after  which  it  is  decomposed  by  nitrio 
acid,  and  the  product  is  crystallized  from  alcohol. 

Nitrophenesic  acid  forms  yellow  prismatic  crystals,  Tery  sparingly  soluble 
even  in  boiling  water,  but  freely  soluble  in  alcohol.  It  has  no  odor.  Its 
taste,  at  first  feeble,  becomes  after  a  short  time  very  bitter.  It  melts  at  104°, 
and  crystallizes  on  cooling.  In  very  small  quantity  it  may  be  distilled  with- 
out decomposition,  but  when  briskly  heated  it  often  detonates,  but  not  vio- 
lently. The  salts  of  this  acid  are  yellow  or  orange,  and  very  beautiful; 
they  are  mostly  soluble  in  water,  and  detonate  feebly  when  heated. 

Trinitrophenol,  or  Nitrophenmc  acid —  generally  called  Picric  acid,  and  some- 
times Car bcuotie  acid —  C,H,N,Ot  =  C,H,(NO,),0.  — -This  acid  may  be  eco- 
nomically prepared  from  impure  nitrophenesic  acid,  or  from  the  brown 
mass  insoluble  in  dilute  ammonia  already  referred  to.  It  is  purified  by  a 
process  similar  to  that  employed  in  the  case  of  the  preceding  compound. 
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It  is  also  one  of  the  ultimate  products  of  the  action  of  nitric  acid  upon 
indigo  and  numerous  other  substances,  as  silk,  wool,  several  resins,  espe- 
cially that  of  JTanthorrcea  hattilis  (yellow  gum  of  Botany  Bay),  salicin  and 
some  of  its  derivatives,  coumarin,  &c.  It  may  be  prepared  from  indigo  by 
adding  that  substance  in  coarse  powder,  and  by  small  proportions,  to  10  or 
12  times  its  weight  of  boiling  nitrio  acid  of  sp.  gr.  1-48.  When  the  last  of 
the  indigo  has  been  added,  and  the  action,  at  first  extremely  violent,  has 
become  moderate,  an  additional  quantity  of  nitric  add  may  be  poured  upon 
the  mixture,  and  the  boiling  kept  up  until  the  evolution  of  red  fumeB  nearly 
ceases.  When  cold,  the  impure  picric  acid  obtained  may  be  removed,  con- 
verted into  potassium-salt,  several  times  recrystallized,  and  lastly,  decom- 
posed by  nitric  acid.  In  the  pure  state  it  forms  beautiful  pale-yellow  scaly 
crystals,  but  slightly  soluble  in  cold  water  and  of  insupportably  bitter  taste. 
Picric  acid  is  now  extensively  used  in  dyeing  yellow.  It  forms  a  series  of 
crystallisable  salts  of  a  yellow  or  orange  color.  The  potassium  salt,  CflH,K 
(NO-)|0,  forms  brilliant  needles,  and  is  so  Utile  soluble  in  cold  water  that 
a  solution  of  picric  acid  is  occasionally  used  as  a  precipitant  for  potassium. 
The  alkaline  salts  of  this  acid  explode  by  heat  with  extraordinary  violence. 
When  a  solution  of  picric  acid  is  distilled  with  calcium  hypochlorite,  or  a 
mixture  of  potassium  chlorate  and  hydrochloric  acid,  an  oily  liquid  of  a 
penetrating  odor  is  obtained,  having  a  sp.  gr.  of  1*666,  and  boiling  between 
114°  and  115°  C.  (287°  and  239°  P.).  This  substance,  chloropierm,  has  the 
composition  CNO.C1,,  whioh  is  that  of  chloroform  (CHC1,),  having  the  hy- 
drogen replaced  by  nitryl.  Bromopicrm,  CNOjBr,.  is  obtained  in  like  man- 
ner by  treating  picric  acid  with  calcium  hypobromite. 

Creed.  CTH80  =  C.H4(CH,) .  OH.  —This  compound  exists,  together  with 
phenol,  in  the  so-called  coal-tar  creosote,  and  is  separated  by  fractional 
distillation.  It  is  also  contained,  together  with  phenol  and  other  com- 
pounds, in  the  tar  of  pine-wood,  and  is  obtained  therefrom  by  treating  the 
oil  which  passes  over  in  distillation  between  150°  and  220°  C.  (802°  and  408° 
P.),  with  weak  soda-lye  to  separate  hydrocarbons,  supersaturating  the  alka- 
line liquid  with  sulphuric  acid,  and  repeating  the  treatment  with  soda-lye 
and  sulphuric  acid,  till  the  oil  becomes  perfectly  soluble  in  the  alkaline 
liquid.  The  oil  thus  obtained  is  a  mixture  of  phenol  and  cresol,  which  are 
separated  by  fractional  distillation. 

Cresol  is  a  colorless,  strongly  refracting  liquid,  which  boils  at  208°  C. 
(897°  P.).  It  is  slightly  soluble  in  water,  and  mixes  in  all  proportions  with 
alcohol  and  ether.  It  reacts  with  potassium,  phosphorus  pentachloride* 
sulphuric  aoid,  and  nitrio  acid,  in  the  same  manner  as  phenol,  forming 
analogously  constituted  compounds.  Trinitrocrt4oly  or  TrinUrocruylie  acid, 
CTHs(NO,)tOf  crystallises  in  yellow  needles  like  picric  acid:  its  potassium- 
salt,  C7H4K(NOt)fO,  in  orange-red  needles,  moderately  soluble  in  water. 

Crysol  is  isomeric  with  benzyl  alcohol  and  with  anisol :  the  difference  of 
constitution  of  these  three*  compounds  is  exhibited  in  the  following  dia- 
grams: 

H—C— C— H  H— C— C— OH  H  -  C— C— OCH, 

H-i    l-H  H-l    Lh  H  J    4-H 

H— C=rC— CH,OH         H— C=C— CH,  H— <Uc— H 

Benzyl  alcohol.  Cresol.  Anisol. 

Kght-carbon  Xylylio  Phenols,  CsH10O.  —  This  formula  may  include  two 
secondary  alcohols,  isomeric  with  xylyi  alcohol,  viz., 

Dimethyl-phenol C6H.(CHs),OH 

Ethyl-phenol •        C,H4(C,Hft)OH. 
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A  xylylio  phenol  is  mentioned  by  Hugo  Miller*  m  occurring  in  coal-tmr. 
This  is  probably  dimethyl  phenol,  inasmuch  as  products  obtained  by  de- 
structive distillation  have  hitherto  been  found  to  contain  only  methyl  deriva- 
tives of  benzene.  The  portion  of  alolsol  (a  product  obtained  by  distilling 
aloes  with  lime),  which  is  soluble  in  potash,  has,  according  to  Rembold,f 
the  composition  of  a  xylylio  phenol,  and  is,  perhaps,  identical  with  that 
occurring  in  coal-tar. 

Phlorol,  an  oily  liquid  obtained  by  the  dry  distillation  of  the  barium  salt 
of  phloretio  acid,  CfH10O„  has  also  the  composition  C8H10O,  and  probably 
consists  of  ethyl-phenol.     Its  formation  is  represented  by  the  equation, 

CtHwOt        =        CO,        +        C8HwO. 

Phlorol  is  a  colorless,  strongly  refracting  oil,  baring  a  specific  gravity 
of  10874  at  12°  C.  (64°  F.),  and  boiling  between  190°  and  200°.  It  dis- 
solves in  strong  sulphuric  acid,  forming  a  sulpho-acid  which  yields  a  soluble 
barium  salt.  With  chlorine  it  forms  a  substitution-product.  It  reacts  vio- 
lently with  strong  nitric  acid,  forming  the  compound,  C8H7(N01)sO. 

Ten-carbon  Phenols. — The  formula,  CJ0HuO,  may  evidently  include  a 
considerable  number  of  phenols  isomeric  with  cymyl  alcohol  (p.  649); 
only  one  of  these,  however,  is  known,  vis.,  tkymol,  and  even  of  .this  the 
exact  constitution  has  not  been  ascertained. 

Thymol,  C10HuO,  is  a  crystalline  body,  occurring  (together  with  thymene, 
C,0Hie,  and  oymene,  CMHM)  in  the  volatile  oil  of  thyme  (Tkymu*  vulgaris). 
It  sometimes  crystallises  out  spontaneously,  and  may  in  all  cases  be  sepa- 
rated by  agitating  the  oil  with  soda-solution,  and  supersaturating  the  alka- 
line liquid  with  hydrochloric  acid.  It  is  also  obtained  from  the  volatile  oil 
of  horse-mint  (Monarda  punctata),  and  from  that  of  an  East  Indian  umbelli- 
ferous plant  called  Ptychotis  Aj'owan. 

Thymol  crystallizes  in  transparent  rhomboids!  plates,  melting  at  44°.  It 
has  a  mild  odor,  peppery  taste,  and  boils  without  decomposition  at  220°  C. 
(428°  F.).  It  is  distinguished  from  cymyl  alcohol  by  yielding  with  oxidis- 
ing agents,  not  cuminic  acid,  but  thy  moil,  C,,HMOr  With  sodium  it  forma 
the  compound,  C]0HuNaO,  which  absorbs  carbon  dioxide,  forming  the  so- 
dium salt  of  thymotio  acid,  CMH14Or  or  C^H,.0.  COr  Strong  sulphuric  arid 
converts  thymol  into  thymylsulphuric  acid,  CwH14S04.  With  bromine  in  sun- 
shine it  yields  pentobromotkymol,  Cl0HfBr§O;  and  with  chlorine,  C^HjjCIjO, 
or  CWH9C1§0,  according  as  the  reaction  takes  place  in  the  shade  or  in  sun- 
shine ;  both  these,  as  well  as  the  bromine-compound,  are  crystalline. 

There  are  two  nitro-thymols,  CwH.,(NO?),0  and  CyjHj^NO^jO,  obtained 
by  the  aotion  of  nitric  acid  on  thymyl-sulphurio  acid.  Both  form  potassium- 
salts,  which  crystallize  in  yellow  or  orange-yellow  needles. 


«.  Konatomie  Alcohols,  CnHM0,  or  CnH^^fOH). 

Two  only  of  these  bodies  are  known,  viz.,  cinnyl  alcohol  and  cholesterin. 

Cinnyl  Alcohol,  Styryl  Alcohol,  or  Styrone,  CtH,^0,  or  C9H9OH,  is  obtained 
by  heating  styracin  or  cinnyl  cinnamate,  C9Hf(OC9H70),  (a  compound  con- 
tained in  liquid  storax  and  in  balsam  of  Peru,)  with  caustic  alkalies.  Tjt 
crystallites  in  soft  silky  needles,  having  a  sweet  taste  and  an  odor  of  hya- 
cinths, melting  at  33°,  and  volatilising,  without  decomposition,  at  a  higher 

•  ScitaohriA  fur  Chemie,  1866,  p.  271.  f  Ann.  Ch.  Pharm.  exxrrflL  ls& 
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temperature.  It  is  moderately  soluble  in  water,  freely  in  alcohol  and  ether. 
By  oxidising  agents  it  is  converted  into  cinnamie  aldehyde,  C9H80,  and  cm- 
namie  acid,  CgH8Os,  being  related  to  those  compounds  in  the  same  manner  as 
ethyl  alcohol  to  acetic  aldehyde  and  acetic  acid.  With  fuming  sulphuric 
add  it  forms  a  sulpho-acid,  C^H^SO,,  the  barium-salt  of  which  is  soluble 
in  water. 

Caolesterin,  C^H^O  =  CMHtt(OH).  —  This  substance  is  found  in  small 
quantity  in  various  parts  of  the  animal  system,  as  in  the  bile,  the  brain 
and  nerves,  and  the  blood:  it  forms  the  chief  ingredient  of  biliary  calculi, 
from  which  it  is  easily  extracted  by  boiling  the  powdered  gall-stones  in 
strong  alcohol,  and  filtering  the  solution  while  hot ;  on  cooling,  the  choles- 
terin  crystallises  in  brilliant  colorless  plates.  It  is  a  fatty  substance,  in- 
soluble in  water,  tasteless  and  inodorous;  it  is  freely  soluble  in  boiling 
spirit  and  in  ether,  and  crystallizes  from  the  alcoholic  solution  in  beautiful 
white  lamina  haying  a  mother-of-pearl  lustre.  It  melts  at  187°  C.  (279°  F.), 
and  sublimes  at  200°  C.  (892°  F.). 

Heated  with  strong  sulphuric  acid,  it  gives  up  water,  and  yields  a  res- 
inous hydrocarbon,  CMHtf.  With  nitrio  acid  it  yields  cholesterio  acid, 
CgHuOf,  together  with  other  products.  With  chlorine  and  bromine  it  forms 
substitution-products.  Heated  to  200°  with  acetic,  butyric,  benzoic,  and 
stearic  acids,  it  formB  compound  ethers,  thus: 

C„H«(OH)    +    C^OfOH)    =    C>8H43(OCI8Hl-0)    +    OH, 
Cholesterin.  Stearic  Cholesteryl 

acid.  stearate. 
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The  diatomic  alcohols  are  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  two  equivalents  of  hydroxyl  for  two  atoms  of  hydrogen,  and 
may,  therefore,  be  regarded  as  compounds  of  bivalent  alcohol  radicals  with 
two  equivalents  of  hydroxyl.  Thus  ethene  alcohol,  CtlLfiv  may  be  formu- 
lated in  either  of  the  three  following  ways : 

fCH.  CH.OH 

H  I  (<W''(OH),; 

OH  CH.OH 
OH 

the  first  of  which  represents  it  as  a  derivative  of  methane,  CH. ;  the  second 

CH8 
as  a  derivative  of  ethane   I      ;  the  third  as  a  compound  of  ethene,  Cflv 

CHj 
with  hydroxyl ;  or  as  derived  from  a  double  molecule  of  water,  H,(OH),, 
by  substitution  of  ethene  for  two  atoms  of  hydrogen. 

Two  series  of  these  alcohols  are  known ;  the  first  derived  from  the  par- 
affins, the  second  from  the  aromatic  hydrocarbons. 

1.— Diatomic  Alcohols,  C^+jO,,  or  (C.Hfc)//(OH)r 
The  alcohols  of  this  series  are  designated  by  the  generic  name  of  gly- 
col**   They  may  be  regarded  as  compounds  of  olefines  with  two  equivalents 
of  hydroxyl.     The  following  are  known : 

•  This  term,  formed  from  the  first  syllable  of  glycerin  and  the  last  of  alcohol,  indicates  that 
the  compounds  to  which  It  Is  applied  are  intermediate  between  the  alcohols,  commonly  so 
called,  and  the  glycerins  or  triatomJc  alcohols. 
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Kim.  Formula.  Boiling  point 

Ethene  aloohol .     .     .  C,H60,  =  CsH4(OH)t    197-6*  C.  (388°  P.). 
Propene  alcohol    .    .  C8H80,  =  C8H8(OH)8    188°-189°  C.  (370°-872°  F.). 

^arte»loohSUtyleiie  }  C«H»°«  =  C*Ht(0H)t    1880-18*°  C.  (3610-*66°  F.). 

Q^UalcohotIIJrlCne}C6H«>0«-  ^^(OH),  1770C.  (Sol'F.). 

Octene  alcohol  .    .     .  C8Hl80,=  C8H„(OH)t  285O-240°C.  (466°-464°F.). 

Methene  alcohol,  CHt(OH)r  has  not  been  obtained. 

The  glycols  are  formed  by  the  following  processes : 

1.  By  combining  an  olefine  with  bromine ;  treating  the  resulting  dibro- 
mide  with  an  alcoholic  solution  of  potassium  acetate  or  with  silver  acetate, 
whereby  it  is  converted  into  a  diacetate  of  the  olefine ;  and  decomposing 
this  compound  with  solid  potassium  hydrate,  whereby  potassium  acetate 
and  a  diatomic  alcohol  are  formed,  the  latter  of  which  may  be  distilled  off. 

CH.Br  CHtOC,H,0 

I  +    2AgOC,H80     ==  2AgBr    +      | 

i^Br    ^  '  CH,0C,H8O 

Bthene  bromide.  Silver  acetate.  Ethcne  diacetate. 

CH,OC,HtO  CH.OH 

I    f    .f  •   +  2KOH      =       2KOCAO    +     ] 
ClLOC.ELO  CH.OH 

Bthene  dU-    Potassium  Potassium  Ethene 

acetate.        hydrate.  acetate.  alcohoL 

2.  By  treating  a  monochlorohydrate  corresponding  to  a  triatomic  alcohol 
(a  glycerin)  with  nascent  hydrogen  (evolved  from  water  by  sodium  amal- 
gam) ;  the  chlorine  is  then  replaced  by  hydrogen,  and  a  diatomic  alcohol 
results;  thus, 

(CA)'''(OH),Cl    +    HH    =    HC1    +    (C.Hf)'(OH), 
Propenyl  monochloro-  Propene 

hydrate.  alcohol. 

Propertiet.— The  glycols  are  colorless,  inodorous,  more  or  less  viscid 
liquids,  freely  soluble  in  water  and  alcohol;  ethene  alcohol  is  but  sparingly 
soluble  in  ether ;  the  rest  dissolves  easily  in  that  liquid.  The  boiling  points 
of  ethene,  propene,  quartene,  and  quintene  glycols,  exhibit  the  singular 
anomaly  of  becoming  lower  as  the  molecular  weight  of  the  compound  in- 
creases (see  table,  above) :  octene  glycol,  however,  exhibits  a  higher  boil- 
ing point  This  anomaly  probably  arises  from  difference  of  constitution  in 
the  successive  terms  of  the  series  at  present  known,  ethene  glycol  being  a 
primary  alcohol,  whereas  the  higher  numbers  may  be  secondary  or  tertiary 
alcohols.  Thus  the  ethene  and  propene  glycols  probably  differ  in  consti- 
tution in  the  manner  shown  by  the  following  formula : 

CH8OH  H8C  CH8 

CH.OH  HOCOH 

Ethene  Propene 

alcohol.  alcohol. 

The  reactions  of  the  higher  glycols  are  not  sufficiently  known  to  decide 

this  question  :  it  is  known,  however,  that  propene  alcohol  heated  with  hy- 

driodic  acid,  yields  isopropyl  iodide.  . 

The  chemical  reactions  of  the  glycols  have  been  studied  chiefly  in  the 
case  of  ethene  alcohol.     They  are,  for  the  most  part,  similar  to  those  of  the 
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monatomie  alcohols ;  but  inasmuch  as  the  glycols  contain  two  atoms  of  re- 
placeable hydrogen,  or  of  hydroxyl,  the  reactions  generally  take  place  by 
two  stages,  yielding  two  series  of  products. 

1.  Ethene  alcohol  treated  with  nitric  acid  gives  up  2  or  4  atoms  of  hydro- 
gen in  exchange  for  oxygen,  and  is  converted  into  glycollic,  or  oxalic  acid, 
according  as  the  action  takes  place  at  ordinary  or  at  higher  temperatures, 


CH,OH 

CH,OH 

Glycol. 


+    O,   =    OH,    + 


CH,OH 

COfOH) 

Glycolho 

acid. 


CH,OH  CO(OH) 

I  +    04   =  20H,    +     I 
CH,OH  CO(OH) 

Ethene  Oxalic  acid, 

alcohol. 

Under  certain  circumstances  the  corresponding  aldehydes  are  also  pro- 
COH 
duced,  as  glyoxal,  |       ,  from  ethene  alcohol,  by  removal  of  four  hydrogen- 

COH 
atoms  without  substitution. 

Ethene  alcohol  is  also  converted  into  oxalic  acid  by  fusion  with  potash: 

+        2KOH        =r        C,04K,        +        4H, 


C,HeOt 
Ethene 
alcohol. 


C,04K,        + 

Potassium 
oxalate. 


Propene  glycol,  C8H6Or  is  converted  into  lactic  acid,  CsHflOr  by  slow  oxida- 
tion in  contact  with  platinum  black.  When  heated  with  dilute  nitric  acid 
it  yields  glycollic  acid,  losing  carbon  as  well  as  hydrogen ;  and  concentrated 
nitric  acid  oxidises  it  still  further  to  oxalic  acid. 

Quartene  glycol,  C4H.0Or  is  converted  by  slow  oxidation  with  nitrio  acid 
into  oxybutyric  acid,  C4HgO,,  and  when  the  action  is  accelerated  by  heat, 
into  oxalic  acid.  Quintene  glycol,  CBHuOv  likewise  yields  oxybutyric  acid  by 
alow  oxidation  with  dilute  nitric  acid. 

2.  Potassium  and  sodium  eliminate  one  or  two  atoms  of  hydrogen  from  the 
glycols,  and  form  substitution-products.  Ethene  alcohol  is  strongly  attacked 
by  sodium,  yielding  sodium  ethenate,  C,HftNaOt;  and  this  compound,  fused 
with  excess  of  sodium,  is  converted:  into  disodium  ethenate,  C^L^Snfir 
These  compounds,  treated  with  monatomie  alcoholic  iodides,  yield  the 
alcoholic  ethers  of  the  glycols ;  thus, 


CH,ONa 

CH.OH 
Sodium 
ethenate. 


Ethyl 
iodide. 


CH.OCtHg 

Nal    +      I 

CBLOH 
Sodium  Ethyl 

iodide.  ethenate. 


CH.ONa 

[  +    2C.HJ  =  2NaI 

CH,0" 


CHgOCjHg 

[,ONa  "   "  CH,OC,Hf 

Disodium  Ethyl  Sodium  Diethyl 

ethenate.  iodide.        iodide.  ethenate. 


8.  Oxygen  acids,  heated  with  glycols  in  closed  vessels,  act  upon  them  in 
the  same  manner  as  upon  the  monatomie  alcohols,  converting  them  into 
ethereal  salts  or  compound  ethers,  mono-acid  or  di-acid,  according  to  the  pro- 
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portions  used.    In  the  di-aoid  glyeol-ethers,  the  two  radicals  by  which  the 
hydrogen  is  replaced  may  belong  either  to  the  same  or  to  different  acids; 


CH,OH 

CH,OH 
Ethene 
glycol. 

CH,OH 

CH,OH 
Ethene 
glycol 

CH,OH 
CH,C 


+      HOC,H,0 

Acetio 
acid. 


OH,     + 


CH,OH 
CH,C 


+    2HOC,HtO     ==    20H,     + 

Acetio 
acid. 


r,OC,H80 
Ethene  mono- 
acetate. 

CHjOCjH.O 


L, 


[,OC,H,0 
Ethene 
mono-acetate. 


+     HOC4HT0      =     OH,     + 


Butyric 
acid. 


.fiCflfi 

Ethene. 

di-acetate. 

CH,0C4HT0 

CEfiCJRfi 

Ethene 

batyracetate. 


The  haloid  acid*  act  in  the  same  manner  as  oxygen-acids,  excepting  that 
the  reaction  never  goes  beyond  the  first  stage ;  e.  g.9 


CH.OH 

CH.OH 
Ethene 
alcohoL 


HC1 


=      OH,     + 


CH,C1 

CH,OH 
Ethene 
chloro-hydrate. 


The  bichlorinated,  bibrominated  ethers,  &c,  resulting  from  the  substitu- 
tion of  the  remaining  equivalent  of  hydroxyl  by  the  haloid  element,  may, 
however,  be  obtained  from  the  glycols  by  the  action  of  the  chlorides,  bro- 
mides, and  iodides  of  phosphorus;  e.  g.t 


CACOH), 
Ethene 
alcohol. 


+        2PC1,      =      2PC1.0  +      2HCI      +  C,H4C1, 

Phosphorus      Phosphorus         Hydrogen  Ethene 

pent*-  oxy-  chloride.  chloride, 

chloride.  chloride. 

The  same  compounds  are  produced,  as  already  observed,  by  direct  combi- 
nation of  chlorine,  bromine,  and  iodine  with  the  defines. 

Ethene  Chloride,  C,H4CU  has  long  been  known  by  the  name  of  Dutch 
liquid,  having  been  discovered  by  four  Dutch  chemists  in  1795.  When  equal 
measures  of  ethene  gas  and  chlorine  are  mixed  over  water,  absorption  of 
the  mixture  takes  place,  and  a  yellowish  oily  liquid  is  produced,  which 
collects  upon  the  surface  of  the  water,  and  ultimately  sinks  to  the  bottom 
in  drops.  It  may  be  easily  prepared,  in  quantity,  by  causing  the  two  gases 
to  combine  in  a  glass  globe,  having  a  narrow  neck  at  the  lower  part,  dip- 
ping into  a  small  bottle,  destined  to  receive  the  product.  The  two  gases 
are  conveyed  by  separate  tubes,  and  allowed  to  mix  in  the  globe,  the  ethene 
gas  being  kept  a  little  in  excess.  The  chlorine  should  be  washed  with 
water,  and  the  ethene  passed  through  strong  oil  of  vitriol,  to  remove  vapor 
of  ether :  the  presence  of  sulphurous  and  carbonic  acids  is  not  injurious. 
Combination  takes  place  very  rapidly,  and  the  liquid  product  trickles  down 
the  sides  of  the  globe  into  the  reoeiver.  When  a  considerable  quantity  has 
been  collected,  it  is  agitated,  first  with  water,  and  afterward  with  concen- 
trated sulphuric  acid,  aud,  lastly,  purified  by  distillation. 
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"Pure  ethene  chloride  ifl  a  thin,  colorless  liquid,  of  agreeably  fragrant 
odor,  and  sweet  taste :  it  is  slightly  soluble  in  water,  and  readily  so  in  alco- 
hol and  ether.     It  is  heavier  than  water,  and  boils  when  heated  to  82*8°  C. 
(180°  F.):  it  is  unaffected  by  oil  of  vitriol,  or  solid 
potassium  hydrate.     When  inflamed,  it  burns  with  a  Fig.  102. 

greenish,  smoky  light  When  treated  with  an  alco- 
holic solution  of  potash,  it  is  slowly  resolved  into 
potassium  chloride,  which  separates,  and  an  exceed- 
ingly volatile  substance,  containing  C2HSC1,  whose 
vapor  requires  to  be  cooled  down  to  — 18°  C.  (0°  F.) 
before  it  condenses.  At  this  temperature  it  forms  a 
limpid,  colorless  liquid.  Chlorine  iB  absorbed  by  this 
latter  substance,  and  a  compound  is  produced,  which 
contains  C^HjCl, :  this  is  in  turn  decomposed  by  an 
alcoholic  solution  of  potash  into  potassium  chloride 
and  another  volatile  liquid,  C,H2Clr  This  series  of 
reactions  is  analogous  to  that  already  noticed  in  the 
case  of  the  bromine  compounds  (p.  465). 

Products  or  the  Action  of  Chloeine  on  Ethene 
Chloeide  ;  Chlorides  of  Caebon.  — Ethene  chloride 
readily  absorbs  chlorine  gas,  and  yields  four  new 
compounds,  produced  by  the  abstraction  of  successive 
portions  of  hydrogen,  and  its  replacement  by  equiv- 
alent quantities  of  chlorine.  Three  out  of  the  four 
are  volatile  liquids,  containing  respectively,  CsIIaCls, 
CjHjCl^  and  C,HC15;  the  fourth,  C2Clj,  in  which  the 
substitution  of  chlorine  for  hydrogen  is  complete,  is 
the  chloride  of  carbon  long  ago  obtained  by  Faraday  by  putting  Dutch  liquid 
into  a  vessel  of  chlorine  gas,  and  exposing  it  to  sunshine. 
CC1, 

Carbon  trichloride,  QJu\>  or   I      ,  the  chlorine  analogue  of  ethane,  C2H6, 

is  a  white,  crystalline  substance,  of  aromatic  odor,  insoluble  in  water,  but 
easily  dissolved  by  alcohol  and  ether:  it  melts  at  160°  C.  (820°  F.),  and 
boils  at  a  temperature  a  little  above.  It  burns  with  difficulty,  and  is  not 
altered  by  distillation  with  aqueous  or  alcoholic  potash. 

Its  vapor,  passed  through  a  red-hot  porcelain  tube  filled  with  fragments 
of  glass  or  rock-crystal,  is  decomposed  into  free  chlorine,  and  the  dichlo- 
ri&>  C.Clj,  analogous  to  ethene.  This  substance  condenses  in  the  form  of 
a  volatile,  colorless  liquid,  which  has  a  density  of  1*55,  and  boils  at  120° 
C.  (248°  F.).  The  density  of  its  vapor  is  5-82  (referred  to  air).  When 
heated  to  200°  C.  (892°  F.)  with  potassium  hydrate,  it  is  completely  con- 
verted into  potassium  chloride  and  oxalate,  with  evolution  of  hydrogen : 

C,C14    +    CKOH    ==    4KC1    +    CjKjO*    +    20H,    +    Hr 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming  in  the  one  case  the 
trichloride,  C-Clt,  and  on  the  other  the  cblorobromide,  C,Cl4Brs,  a  white 
crystalline  body  resembling  the,  trichloride. 

Carbon  monochloride,  CSCL,.  analogous,  to  ethine  or  acetylene,  is  obtained 
by  passing  the  vapor  of  chloroform  or  of  carbon-dichloride  through  a  red- 
hot  tube.  It  forms  white  needles  subliming  between  175°  and  200°  C.  (847° 
and  892°  F.). 

Carbon  tetrachloride,  CC14,  may  also  be  described  in  this  place,  though  it 
belongs  to  another  series,  being  the  chlorine  analogue  to  marsh-gas. 

It  is  formed  by  passing  the  vapor  of  carbon  bisulphide,  together  with 
chlorine,  through  a  red-hot  porcelain  tube.     A  mixture  of  sulphur  chlorid" 
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and  oarbon  tetrachloride  is  formed,  which  is  distilled  with  potash,  whereby 
the  chloride  of  sulphur  is  decomposed,  and  pure  tetrachloride  passes  oyer. 
It  is  a  colorless  liquid  of  1-66  sp.  gr.,  and  boils  at  77°  C  (170°  F.).  The 
same  compound  is  formed  by  exhausting  the  action  of  chlorine  upon  marsh- 
gas  or  methyl  chloride  in  sunshine.  An  alcoholic  solution  of  potash  con- 
verts this  compound  into  a  mixture  of  potassium  chloride  and  carbonate. 

Ethene  Bromide  and  Iodide,  C2H4Br?  and  C,H4Ir  are  produced  by 
bringing  defiant  gas  in  contact  with  bromine  and  iodine.  The  bromide  is 
a  colorless  liquid,  of  agreeable  ethereal  odor,  and  has  a  density  of  2*16 : 
it  boils  at  129-6°  C.  (265°  F.)}  and  solidifies  when  oooled  to  near  —18°. 
The  iodide  is  a  colorless,  crystalline,  volatile  substance,  of  penetrating 
odor:  it  melts  at  79°  C.  (174°  F.),  resists  the  action  of  sulphuric  acid,  bat 
is  decomposed  by  caustic  potash. 

The  action  of  bromine  upon  ethene  bromide  gives  rise  to  the  compound 
C,HtBr8,  from  which  the  other  bromine-compounds  corresponding  to  the 
chlorine  bodies  above  mentioned  may  be  obtained  by  treatment  with 
bromine. 

Ethene  bromide  acts  strongly  upon  an  alcoholic  solution  of  potastuem 
sulph-hydrate,  forming  ethene  tulpk-hydrate  or  ethene  mercaptan,  C,H4(SH)T  a 
colorless  oil,  which  is  partially  decomposed  by  distillation,  and  yields,  with 
lead  acetate,  a  yellow  precipitate  consisting  of  C,H4S,Pb.  With  potatrium 
monosulphide,  in  like  manner,  ethene  bromide  forms  ethene  sulphide,  CtH4S, 
which  crystallizes  in  white  prisms. 

The  haloid  ethers  corresponding  to  the  higher  glycols  are  similar  in  their 
reactions  to  those  of  ethene  alcohol. 

Oxygih  Ethers  or  the  Glycols. — The  ethereal  salts  of  the  glycols 
(acetates,  butyrates,  &c. )  are  decomposed  by  alkalies  in  the  same  manner 
as  those  of  the  monatomic  alcohols,  reproducing  the  alcohols  themselves: 
this  is,  in  fact,  the  general  mode  of  preparing  the  glycols  (p.  556).  But 
the  mono-acid  haloid  ethers  of  the  glycols  are  decomposed  by  alkalies  in  a 
different  manner,  giving  up  the  elements  of  hydrochloric,  hydriodio,  or 
hydrobromic  acids,  and  leaving  an  oxide  of  the  diatomic  alcohol-radical ; 
thus, 

(C,H4)"Cl(OH)  +  KOH  =  KC1  +  OH,  +  (C.H4)"0 

Ethene  Ethene 

chloro-hydrate.  oxide. 

Ethene  oxide  is  isomeric  with  aldehyde  and  with  vinyl  alcohol  (p.  484). 
It  is  a  transparent  colorless  liquid,  boiling  at  13-5°  C.  (56°  F.,)  (aldehyde 
boils  at  21°  C  [70°  F.l),  and  miscible  in  all  proportions  with  water  and 
with  alcohol.  When  the  aqueous  solution  is  treated  with  eodium  amalgam^ 
in  a  vessel  surrounded  with  a  freezing  mixture,  the  ethene  oxide  takes  up 
hydrogen,  and  is  converted  into  ethyl  aloohol : 

C,H40        -f        Ht        =        CaH60. 

Ethene  oxide  unites  with  ammonia  in  several  proportions,  forming  the 
following  basic  compounds,  all  of  which  are  syrupy  liquids: 

Monoxethylenamine C,H4O.NH. 

Dioxethylenamine (C,H40)rNHt 

Trioxethylenamine (C^OUNHg 

Tetroxethylenamine (C^O^.NHj. 

This  character  distinguishes  ethene  oxide  from  aldehyde,  which  forms 
with  ammonia  a  crystalline  compound  not  possessing  basio  properties.  A 
further  distinction  between  these  two  isomeric  bodies  is,  that  aldehyde 
forms  crystalline  compounds  with  the  acid  sulphiteB  of  the  alkali-metald, 
a  property  not  possessed  by  ethene  oxide. 
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Ethene  oxide  is  a  powerful  base,  uniting  directly  with  acids,  precipitating 
magnesia  from  a  solution  of  magnesium  chloride  at  ordinary  temperatures, 
and  ferric  oxide  and  alumina  from  their  saline  solutions,  at  100°  C.     With 

{CI 
qjt,  and  with 

f  OC  H  O 
acetic  acid,  ethene  acetohydrate,  or  monoacetate,   (C,H4)"  <  q^   *  .     It 

also  unites  with  water  in  several  proportions,  forming  glycol  and  other 
compounds  to  be  noticed  immediately. 

The  oxygen-ethers  of  the  higher  glycols  are  not  much  known ;  but  they 
appear  to  be  less  disposed  to  combine  with  water  and  acids  in  proportion 
as  their  molecules  become  heavier ;  thus  amylene  oxide  does  not  appear  to 
reproduce  amylene  alcohol  by  combination  with  water. 

Folyethexrio  Alcohols. — These  are  bodies  which  contain  the  elements  of 
two  or  more  molecules  of  ethene  oxide  combined  with  one  molecule  of 
water,  and  may  be  regarded  as  formed  by  the  union  of  two  or  more  mole- 
cules of  glycol  (mono-ethenic  alcohol),  with  elimination  of  a  number  of 
water-molecules  less  by  one  than  the  number  of  glycol  molecules  which 
enter  into  combination ;  or  as  derived  from  three  or  more  molecules  of 
water,  by  substitution  of  ethene  for  the  whole  of  the  hydrogen  except  two 
atoms;  thus, 


CJJ.O,  or  (CjH.y'H.O, 

Monethenio  alcohol 

(glycol). 

C^O,  or  (Cftl'W, 
Diethenic  alcohol. 


C,H4O.OH, 

Ethene 

oxide. 

5C,H40.0H, 

Ethene 

oxide. 


2C2HfO— OH, 

Glycol. 


CfHl404  or  (WM 
Tnethemc  alcohol. 


C^O.orCW'H.O, 
Tetrethemc  alcohoL 


=    8C,H4O.OHt  a  8C,HfO— 20H, 

Ethene  Glycol, 
oxide. 

==    4C,H4O.OH,  =  4C,H,0— 30H, 

Ethene  Glycol, 


oxide. 


nC,Hf0— (n 
Glycol. 


-1)0H, 


Generally  — 

C^H^+jOa+j  or  (CfH4)"BH,<V+,  =  »CaH4O.OH, 
n-ethenio  alcohol.  Ethene 

oxide. 

The  polyethenic  alcohols  are  formed:  1.  By  heating  ethene  oxide  with 
water  in  sealed  tubes.  In  this  manner  Wurtz  obtained  diethenic  alcohol 
together  with  monethenio,  and  a  small  quantity  of  tri-ethenic  alcohol.  — 
2.  By  heating  ethene  oxide  with  glycol  in  sealed  tubes :  this  process  yields 
the  di-  and  tri-ethenic  alcohols.  —  8.  By  heating  glycol  with  ethene  bro- 
mide in  sealed  tubes  to  100°-120°  C.  (212°-248°  F.).  The  first  products  of 
this  reaction  are  diethenic  alcohol,  ethene  bromo-hydrate  and  water : 

3(C,H4)"H,0,  +  C,H4Br,  =  (CjH4)",H,0,  +  2(C.H4)"Br(OH)  +  OH,; 
Monethenio  Ethene  Diethenic  Ethene  bromo- 

alcohoL  bromide.  alcohol.  hydrate. 

and  the  other  polyethenic  alcohols  are  formed,  each  from  the  one  next  be- 
low it  in  the  series,  by  the  action  of  ethene  bromo-hydrate,  according  to 
the  general  equation: 

(<VHJ"aH/»j+i  +  (C,H4)"Br(OH)  «  ((WVnHA*,  +  HBr. 
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The  hydrobromic  acid  thus  formed  then  acts  on  the  excess  of  glycol  present, 
reproducing  ethene  bromo-hydrate,  and  thus  the  action  is  continued.  By 
this  process,  the  2-,  3-,  4-,  6-,  and  6-ethenic  alcohols  have  been  obtained 
and  separated  by  fractional  distillation;  and  when  a  sufficient  exoess  of 
glycol  is  present,  the  temperature  being  kept  between  110°  and  120°  C. 
(230°  and  248°  F.),  still  higher  members  of  the  series  are  produced.* 

The  polycthenic  alcohols  are  syrupy  liquids,  becoming  more  viscid  as 
their  molecular  weight  increases:  their  boiling  point  rises  by  about  45°  for 
each  addition  of  C2H40 

Diethenic  alcohol,  C4H100,,  or  (Cfltf'JRfi*  boils  at  about  24o° '»  *»•  den" 
sity  of  its  vapor  iB  3*78  referred  to  air  as  unity ;  by  calculation  it  should 
be  3-67,  so  that  it  exhibits  the  normal  condensation  to  two  volumes.  By 
contact  with  platinum-black,  or  by  treatment  with  nitric  acid,  it  is  oxidized 
to  digly collie  acid,  C4Hf05,  an  acid  isomeric  with  malic  acid,  and  formed 
from  diethenic  alcohol  by  substitution  of  0  for  H_  just  as  glyooUio  acid, 
CtH40.t  is  formed  from  monethenic  alcohol,  0,6,0. — Triethemc  alcohol, 
C6Hu04,  or  (CtU4)//fHs04l  is  oxidized  in  like  manner  to  ethene-dylycollic  arid, 
C,HuO,. 


2.— Diatomio  Phenols,  CBH*_,Or 
There  are  fire  known  compounds  included  in  this  general  formula,  via. : 
Oxyphenol  or  Pyrocatechin  .  <W« 

Guaiacol  (in  part)       } C»hb°i 

Creosol     \  own 

Veratrol  / ^sHio«» 

Oxyphenol,  Oxyphenic  Acid,  or  Pyrocatechin,  C6H.0,»  or  (C6H4)"(OH)r 
is  produced  by  heating  oxysalicylic  acid  to  210°-21z°,  just  as  phenol  is 
produced  from  salicylic  acid : 

C7Hf04        =        CO,        +        C6H,Oi; 
Oxysalicylic  acid.  Oxyphenol. 

also  by  the  action  of  alkalies  on  iodophenol : 

C6H4T(0H)        +        KOH        =        KI        +        C,H4(OH), 
Iodophenol.  Oxyphenol 

It  is  likewise  formed  by  the  dry  distillation  of  catechin  (a  substance  ob- 
tained from  catechu),  of  morintannic  acid  (the  yellow  coloring  matter  of 
Moras  tinctoria),  and  of  wood,  whence  it  is  found  in  wood  vinegar :  it  does 
not  occur  in  coal-tar.  It  is  a  white  crystalline  body,  which  melts  at  111° 
or  112°  C.  (230°-233°  F.),  and  volatilizes  even  at  lower  temperatures.  It 
has  a  bitter  taste,  and  scarcely  reddens  litmus.  In  contact  with  hydro- 
chloric acid,  it  colors  fir-wood  violet.  It  dissolves  in  water,  alcohol,  and 
ether.  The  aqueous  solution  forms  a  white  precipitate  with  Uad  acetate, 
and  colors /<vrte  salts  dark-green.  Nitric  acid  acts  upon  it  with  violence, 
forming  oxalic  acid  and  a  small  quantity  of  a  yellow  nitrocompound,  prob- 
ably nitro-oxyphenol.  With  acetyl  chloride  it  forms  acetoxyphenol,  C€HS 
(C,Hs0)0,,  and  with  benzoyl  chloride,  benioxyphenol,  CJI^CjHjOJO,,  both 
of  which  are  crystalline  bodies. 

Orcin,  C7HtO,.— This  substance  appears  to  exist  ready  formed  in  all  the 
lichens  (Lecanora  tartarea,  Roccella  tinctoria,  Variolaria  orcina,  &c),  which 
*  Lourcnao,  Ann.  Gh.  Ptaann.  cacviL  200. 
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are  used  for  the  preparation  of  archil  and  litmus;  and  is  the  general  pro- 
duct of  the  decomposition  of  certain  acids  extracted  from  those  lichens 
(orsellinio  acid,  erythric  acid,  &c  )  under  the  influence  of  heat  or  of  alk#* 
liea.  Orsellinic  acid,  C8H804,  when  boiled  with  baryta-water,  splits  up  into 
carbon  dioxide  and  orcin,  just  as  the  homologous  acid,  oxy salicylic  acid, 
CfHgOj,  splits  up  into  carbon  dioxide  and  oxyphenol  (p.  662) : 

C8H804        =        CO,        +    .    C7H80, 

Hence  oroin  appears  to  have  the  constitution  of  a  diatomic  phenol.  To  ob- 
tain the  orcin,  the  excess  of  baryta  is  precipitated  from  the  liquid  by  car- 
bonic acid,  and  the  filtrate  evaporated  to  a  small  bulk.  It  forms,  when 
pure,  large  square  prisms,  which  have  a  slightly  yellowish  tint,  an  intensely 
sweet  taste,  and  a  high  degree  of  solubility  both  in  water  and  alcohol. 
When  heated,  it  loses  water,  and  melts  to  a  syrupy  liquid,  which  distils  un- 
changed. The  crystals  of  orcin  contain  C7H80, .  OHr  It  forms  substitu- 
tion-products with  chlorine  and  bromine. 

Obcbin. — When  ammonia  is  added  to  a  solution  of  orcin,  and  the  whole 
is  exposed  to  the  air,  the  liquid  assumes  a  dark-red  or  purple  tint  by  ab- 
sorption of  oxygen ;  a  slight  excess  of  acetic  acid  then  causes  the  precipi- 
tation of  a  deep- red  powder,  not  very  soluble  in  water,  but  freely  dissolved 
by  ammonia  and  fixed  alkalies,  with  a  purple  or  violet  color.  This  powder 
is  an  azotized  substance,  orcein,  formed  from  the  elements  of  the  ammonia 
and  the  orcin ;  it  probably  constitutes  the  chief  ingredient  of  the  red  dye- 
stuff  of  the  commercial  articles  before  mentioned.  Orcein  probably  con- 
tains CfHfNOj,  according  to  which  formula,  its  formation  from  orcin,  under 
the  joint  influence  of  oxygen  and  ammonia,  may  be  represented  by  the 
equation : 

CtH80,    +    NH8    +    08   =   CjHjNO,    +    20H,. 

Guai&eol  and  CreosoL — Guaiacum,  a  yellow  or  brown  resin  exuding  from 
a  West  Indian  tree  (Ouaiacum  officinale),  yields  by  dry  distillation  an  oily 
liquid,  which,  when  washed  with  water  and  rectified  at  a  moderate  heat, 
gives  off,  first,  guaiacene,  C5KgO,  and  afterward  a  colorless  oil  called  guaia- 
col.  This  compound  has  a  specific  gravity  of  1*119  at  22°  C  (72°  F.),  and 
boils  at  210°  C  (410°  F  ).  It  is  soluble  in  alcohol,  slightly  soluble  in 
water.  Nitric  acid  converts  it  into  oxalic  acid  and  a  brown  resin.  With 
chlorine  and  bromine  it  forms  substitution-products.  It  dissolves  in  potash, 
and  forms  crystallixable  salts  with  other  bases.  Guaiaool  is  not,  however, 
a  perfectly  definite  compound,  but  a  mixture  in  varying  proportions  of  the 
homologous  compounds  CtH80,  and  C8H10Or  The  latter  compound  likewise 
exists  in  some  kinds  of  wood-creosote :  hence  it  is  called  creoeol. 

Creosote  ob  Kreosote. — This  substance,  discovered  by  Reichenbach, 
is  contained  in  many  kinds  of  wood-tar,  but  most  abundantly  in  the  heavy 
oil  of  beech-tar,  as  obtained  from  the  wood-vinegar  makers.  It  is  extracted 
and  purified  by  a  series  of  processes  similar  to  those  employed  for  the  pre- 
paration of  phenol  or  carbolic  aoid  from  coal-tar  (p.  650). 

Creosote  is  a  colorless,  somewhat  viscid  oily  liquid,  of  great  refractive 
and  dispersive  power.  It  is  quite  neutral  to  test-paper;  has  a  penetrating 
and  most  peculiar  odor,  that,  namely,  of  smoked  meat,  and  a  pungent  and 
almost  insupportable  taste  when  plaoed  even  in  very  small  quantity  upon 
the  tongue.  Its  density  is  1037,  and  its  boiling-point  about  208°  C. 
(897°  F  )-  It  takes  fire  with  difficulty,  and  then  burns  with  a  smoky  light. 
When  quite  pure,  it  is  not  altered  by  exposure  to  the  air;  but  much  of  the 
creosote  of  commerce  gradually  turns  brown  under  these  circumstances. 
100  parts  of  cold  water  take  up  about  1}  part  of  creosote;  at  a  high  tem- 
perature rather  more  is  dissolved,  and  the  hot  solution  abandons  a  portion 
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on  cooling.  The  creosote  itself  absorbs  water  also  to  a  considerable  extent. 
In  acetic  acid  it  dissolves  in  much  larger  quantity.  Alcohol  and  ether  mix 
with  creosote  in  all  proportions.  Concentrated  sulphuric  acid,  by  the  aid 
of  heat,  blackens  and  destroys  it.  Caustic  potash  dissolves  creosote  with 
great  facility,  and  forms  with  it  a  compound,  which  crystallises  in  brilliant 
pearly  scales,  and  consists,  according  to  Hlasiwets,*  of  potassium  creosolate, 
CsH9KOs20Hr  When  distilled  with  dilute  sulphuric  acid,  it  yields  creosol, 
CSH pOr  By  treating  creosote  with  potassium  in  an  atmosphere  of  hydrogen, 
and  crystallising  the  product  from  ether,  an  acid  potassium  creosolate  is 
obtained,  consisting  of  CaHtKOs.CtHn}Or 

Hlasiwets  regards  beech-tar  creosote  as  an  ether  of  creosol,  represented 
either  by  the  formula  C8HfROr  or  by  C,HtRO,.  CtHM0„  in  which  R  denotes 
a  monatomic  alcohol-radicaL  According  to  Frisch,f  it  consists  mainly  of 
acid  phenylic  creosol,  CsHt(CfH§)0,.CfHwOr  It  may  be  distinguished 
from  phenol  by  its  behavior  to  ferric  chloride,  an  alcoholic  solution  of  that 
salt  producing  a  green  color  with  creosote  and  brown  with  phenol;  an 
aqueous  solution  gives  no  color  with  creosote  and  a  blue  color  with  phenoL 
The  creosote  of  commerce  is,  however,  a  substance  of  very  variable  consti- 
tution, much  of  it  being  nothing  but  impure  phenols  (commonly  called 
coal-tar  creosote).  The  tar  of  pine- wood,  as  already  observed  (p.  553),  con- 
sists mainly  of  phenol  and  creosoL 

The  most  characteristic  property  of  wood-creosote  is  its  extraordinary 
antiseptic  power,  which  appears  to  be  even  greater  than  that  of  phenoL  A 
piece  of  meat  steeped  in  a  very  dilute  solution  of  creosote  dries  up  to  a> 
mummy-like  substance,  but  absolutely  refuses  to  putrefy.  The  well-known 
efficacy  of  impure  wood- vinegar  and  of  wood-smoke  in  preserving  provisions 
is  doubtless  to  be  attributed  to  the  creosote  which  they  contain.  Both 
creosote  and  phenol  are  used  by  the  dentist  for  relieving  toothache  arising 
from  putrefactive  decay  in  the  substance  of  the  tooth. 

▼eratrol,  CsH10O- — This  compound  is  obtained  by  distilling  veratric  acid 
(an  acid  extracted  from  the  seeds  of  Veratrwn  Sabadilla)  with  excess  of 
baryta  at  a  gentle  heat,  the  mode  of  formation  being  that  of  the  phenols  in 
general  from  the  corresponding  acids  of  the  series  CBHtt-_,Or 

CtH10O4        =        CO,        +        CgH^Oy 
Veratric  acid.  Veratrol. 

Veratrol  is  a  colorless  oil  having  an  agreeable  aromatic  odor,  and  specific 
gravity  1086  at  15° ;  it  solidifies  at  15°  C.  (69°  F.),  and  boils  at  202°-205° 
C.  (395°-401°  F.).  Bromine  converts  it  into  dibromoveratrol,  CgH8Br.OT> 
which  forms  prismatic  crystals.  Nitric  acid  acts  strongly  upon  it,  forming 
nitroveratrol,  Cf  Hf(NO.)0«  which  crystallises  from  alcohol  in  yellow  laminae, 
and  dmitroveratrol.  C9u9faO*)fir  which  crystallises  in  yellow  needles,  melt- 
ing at  100°,  and  then  volatiliiing  without  decomposition. 

Anisio  Alcohol,  C8HMOr — Crude  anise  oil,  the  essential  oil  of  PimpintUa 
Anuum,  contains  a  crystalline  substance,  C.0H.,0,  called  anethol  or  anite 
camphor.  This  substance  when  oxidized  with  nitric  acid  is  converted  into 
anisic  aldehyde,  C9HaOr  which,  when  treated  with  alcoholic  potash,  takes 
up  two  atoms  of  hydrogen  and  is  converted  into  anisic  alcohol,  CfHloO,  (just 
as  bemoic  aldehyde,  C7H-0,  under  similar  circumstances  yields  benxyl 
alcohol,  CTHsO ;  p.  548).  Now  this  alcohol,  though  it  contains  two  atoms  of 
oxygen,  nevertheless  behaves,  not  like  a  diatomic,  but  like  a  monatomic 
alcohol,  yielding  only  one  series  of  ethers.  The  so-called  anisic  alcohol 
appears,  indeed,  to  be  really  the  methylio  ether  of  the  diatomic  alcohol, 

*  Ann.  Gh.PhuB.  cri.  838.  f  Journal  llkr  praktbehe  Cbemie,  c.  283, 
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CjHjO,,  its  formula  being  CTHs(OCH.)OH ;  so  that  it  contains  only  one  atom 
or  replaceable  hydrogen.  Hydrochloric  acid  gas  converts  it  into  the  cor- 
responding hydrochloric  ether,  CBH,Cl(OH),  or  C,Hft(OCHs)Cl(OH). 
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Triatomic  alcohols  may  be  derived  from  saturated  hydrocarbons  by  sub- 
stitution of  three  equivalents  of  hydroxyl  for  three  atoms  of  hydrogen,  and 
may  accordingly  be  regarded  as  compounds  of  trivalent  alcohol  radicals 
with  three  equivalents  of  hydroxyl,  or  as  compounds  derived  from  a  triple 
molecule  of  water,  by  substitution  of  a  trivalent  radical  for  three  atoms  of 
hydrogen.  The  hydrocarbons  of  the  paraffin  series,  CnHto-}-r  should  ac- 
cordingly yield  a  series  of  triatomic  alcohols  of  the  form  (CnHtB-.,)///(OH)99 
fix.: — 

Methenyl  alcohol CH(OH). 

Ethenyl  alcohol C,Hs(OH)t 


Propenyl  alcohol C,H5(OH), 

Quartenyl  alcohol C4H7(OH), 

Quintenyl  alcohol CftH9(0H), 

&c.  &c. 

Of  these,  however,  only  two  are  known,  viz.,  propenyl  alcohol,  or  glycerin, 
and  quintenyl  alcohol,  or  amyl  glycerin.  There  are  also  two  or  three  bodies 
which  may  be  regarded  as  triatomic  phenols,  represented  by  the  general 
formula  C^H^^O,,  or  CnHto^OH,). 

Each  triatomic  alcohol,  subjected  to  the  action  of  acids,  or  of  the  chlo- 
rides, bromides,  or  iodides  of  phosphorus,  may  yield  three  classes  of  ethers, 
derived  from  it  by  substitution  of  a  halogen  element,  or  acid  radical,  for 
part  or  the  whole  of  the  hydroxyl;  thus,  from  glycerin  may  be  obtained 
the  three  hydrochloric  ethers,  C,H5Cl(OH)f,  C,H5Cl,OH,  C,H.C1,,  and  the 
three  acetic  ethers,  CsH((OCsHI0)(OH)t,  C,H&(OC,H,0),OH,  and  CBH6 
(OC,HsO)r 

If  ethenyl  Ethers. — Methenyl  alcohol,  CH(OH)tf  has  not  been  obtained; 
but  ethers  are  known  which  may  be  derived  from  it,  by  substitution  of 
halogen  elements  for  the  three  equivalents  of  hydroxyl,  CHC1,  for  example. 
These  compounds,  which  may  also  be  directly  derived  from  methane,  are 
usually  distinguished  by  names  ending  in  "form,"  to  denote  their  relation 
to  formic  acid,  (CH/"0(OH). 

Mxthehyl  Chlobidi  ob  Chloroform,  CHC1S. — This  compound  is  pro- 
duced: 1.  Together  with  methene  chloride,  CHSCU  when  a  mixture  of 
chlorine  and  gaseous  methyl  chloride  is  exposed  to  tne  sun's  rays.  — 2.  By 
the  action  of  alkalies  on  chloral  (p.  517): 

CJICljO        +        KOH        =        CHC1,        +        CHO,K 
CnloraL  Chloro-  Potassium 

form.  formate. 

8.  By  boiling  trichloracetic  acid  with  aqueous  alkalies: 

C,HC1B0,      -f      2KOH      =      CHC1,      +      CO,K,      +      OH, 
Tricolor-  Chloro-  Potassium 

acetic  acid.  form.  carbonate. 

4.  By  the  action  of  nascent  hydrogen  on  carbon  tetrachloride : 

CC14        +        H-        =        HC1        +        CHCV 
48 
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5.  By  the  action  of  hypochlorites,  or  of  chlorine  in  presence  of  alkalies, 
on  various  organic  substances,  as  methyl,  ethyl,  and  amyl  alcohols,  acetic 
acyl,  acetone,  &c.  The  reaction  is  complicated,  giving  rise  to  several  other 
products;  with  common  alcohol  and  calcium  hypochlorite  the  principal 
reaction  appears  to  be — 

2C,H«0  +  601,0^  =  2CHClt  +  2C08Ca  +  2CaCl,  +  CaH,0,  +  40Hr 

Chloroform  is  prepared  on  the  large  scale  by  cautiously  distilling  together 
good  commercial  chloride  of  lime,  water,  and  alcohol.  The  whole  product 
distils  over  with  the  first  portions  of  water,  so  that  the  operation  may  be 
soon  interrupted  with  advantage.  The  chloroform,  which  constitutes  the 
oily  portion  of  the  distillate,  is  purified  by  agitation  with  water,  desicca- 
tion with  calcium  chloride,  and  distillation  in  a  water-bath. 

Chloroform  is  a  thin,  colorless  liquid  of  agreeable  ethereal  odor,  much 
resembling  that  of  Dutch  liquid,  and  of  a  sweetish  taste.  Its  density  is 
1*48,  and  it  boils  at  61°  C.  (142°  FJ:  the  density  of  its  vapor  (compared 
with  air)  is  4*20.  Chloroform  is  difficult  to  kindle,  and  burns  with  a  green- 
ish  flame.  It  is  nearly  insoluble  in*  water,  and  is  not  affected  by  concen- 
trated sulphuric  acid.  When  boiled  with  aqueous  potash  in  a  closed  tube, 
it  is  converted  into  potassium  chloride  and  formate : 

CHClj        +        4HOK        ;=     .8KCI      +      CHO(OK)     +•      20Hf 
Chloroform.  Potassium  Potassium 

hydrate.  formate. 

Chloroform  is  well  known  for  its  remarkable  effects  upon  the  animal 
system,  in  producing  temporary  insensibility  to  pain  when  its  vapor  is 
inhaled. 

Bromoform,  CHBrg,  is  a  heavy,  volatile  liquid,  prepared  by  the  simul- 
taneous action  of  bromine  and  aqueous  alkalies  on  alcohol,  wood-spirit, 
and  acetone.  It  is  converted  by  caustic  potash  into  potassium  bromide 
and  formate. 

Iodoform,  CHIg,  is  a  solid,  yellow,  orystalliiable  substance,  easily  ob- 
tained by  adding  alcoholic  solution  of  potash  to  tincture  of  iodine,  avoiding 
excess,  evaporating  the  whole  to  dryness,  and  treating  the  residue  with 
water.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol,  and  is  de- 
composed by  alkalies  in  the  same  manner  as  the  preceding  compounds, 
Bromine  converts  it  into  bromiodoformy  CHBrJ,  a  colorless  liquid  which 
solidifies  at  0°.  Iodoform  distilled  with  phosphorus  pentachloride  or  mer- 
curic chloride,  is  converted  into  chloriodoform,  CHC1,I,  a  colorless  liquid 
of  sp.  gr.  1*96,  which  does  not  solidify  at  any  temperature.  Nitroform, 
CH(NOs)s,  a  body  analogous  in  composition  to  the  methenyl  ethers,  will  be 
considered  in  connection  with  the  oyanogen  compounds. 


Propenyl  Alcohol,  or  Glycerin, 


CH2OH 


fOH  I 

CsH,Ot       =        (C,H6)'"J0H        or       CHOH 
(OH 


CH,OH 


This  compound  is  obtained  by  the  action  of  alkalies  on  natural  fata, 
which  are,  in  fact,  the  propenylic  ethers  of  certain  fatty  acids;  thus 
stearin,  one  of  the  constituents  of  mutton  suet,  consists  of  propenyl  tri- 
atearate,  (C8H6)///(OC1§HJ60)8,  a  compound  derivable  from  glycerin  itself,  by 
substitution  of  stearyl,  C18HH0,  for  hydrogen.  Now,  when  stearin  is 
boiled  with  a  caustic  alkali,  it  is  converted  into  a  stearate  of  the  alkali- 
metal  and  glycerin,  thus: 


GLYCERIN.  567 

C^HjfOCrtH^O),    +    8K0H    =    SKOC^H^O    +    C8H5(OH)s 
Stearin.  Potassium  Glycerin. 

stearate. 
A  similar  reaction  takes  place  when  any  other  similarly  constituted  fat  is 
treated  with  a  caustic  alkali.  The  metallic  salts  of  the  fatty  acids  thus 
obtained  are  the  well-known  bodies  called  soaps,  and  the  process  is  called 
saponification;  this  term,  originally  restricted  to  actual  soap-making,  has 
been  extended  to  ail  cases  of  the  resolution  of  a  compound  ether  into  an 
acid  and  an  alcohol,  such,  for  example,  as  the  conversion  of  ethyl  acetate 
into  acetic  acid  and  ethyl  alcohol  by  the  action  of  alcoholic  potash. 

Glycerin  was  originally  obtained  by  heating  together  olive  or  other  suit- 
able oil,  lead  oxide,  and  water,  as  in  the  manufacture  of  common  lead-platter; 
an  insoluble  soap  of  lead  is  thereby  formed,  while  the  glycerin  remains  in 
the  aqueous  liquid.  The  latter  is  treated  with  sulphuretted  hydrogen, 
digested  with  animal  charcoal,  filtered  and  evaporated  in  a  vacuum  at  the 
temperature  of  the  air.  Glycerin  is  now  produced  in  very  large  quantity 
and  perfect  purity  in  the  decomposition  of  fatty  substances  by  means  of 
overheated  steam,  a  process  which  Mr.  George  Wilson  has  lately  introduced 
into  the  manufacture  of  candles.*  In  this  reaction  a  fatty  acid  and 
glycerin  are  produced  by  assimilation  of  the  elements  of  water ;  they  are 
carried  over  by  the  excess  of  steam  in  a  state  of  mechanical  mixture,  which 
rapidly  separates  into  two  layers  in  the  receiver.  The  reaction  is  exactly 
similar  to  that  which  takes  place  when  a  caustic  alkali  is  used  to  effect  the 
saponification,  e.  g. : 

C,H,(OClfHjsO)t    +    80H,    =    SHOC^O    +    C.H5(OH), 
Stearin.  Stearic  acid.  Glycerin. 

Glycerin  may  also  be  produced  from  propenyl  bromide,  (C4H5)///BrSf  a 
compound  formed,  as  already  observed,  by  the  action  of  bromine  on  aflyl 
iodide,  C8H5I.  The  process  consists  in  converting  the  propenyl-bromide 
into  propenyl  triacetate,  (C8H5)///(OC,H,0)r  by  the  action  of  silver  acetate, 
and  decomposing  this  compound  ether  with  potash. 

This  mode  of  formation  must  not,  however,  be  regarded  as  an  actual 
synthesis  of  glycerin  from  compounds  of  simpler  constitution;  for  the 
allyl-compounds  are  themselves  prepared  from  glycerin  (p.  544),  and  have 
never  yet  been  obtained  from  any  other  source. 

Glycerin  is  a  nearly  colorless  and  very  viscid  liquid,  of  sp.  gr.  1*27,  which 
cannot  be  made  to  crystallize.  It  has  an  intensely  sweet  taste,  and  mixes 
with  water  in  all  proportions :  its  solution  does  not  undergo  the  alcoholic 
fermentation,  but  when  mixed  with  yeast  and  kept  in  a  warm  place,  it  is 
gradually  converted  into  propionic  acid.  Glycerin  has  no  action  on  vege- 
table colors.  Exposed  to  heat,  it  volatilizes  in  part,  darkens,  and  decom- 
poses, giving  off,  amongst  other  products,  a  substance  called  acrolein,  CsH40, 
having  an  intensely  pungent  odor. 

Concentrated  nitric  acta?  con  verts  glycerin  into  glyceric  acid,  CtHe04,  an  acid 
related  to  glycerin  in  the  same  manner  as  gly collie  acid  to  glycol,  and 
acetic  acid  to  ethyl  alcohol ;  being  formed  from  it  by  substitution  of  oxygen 
for  two  atoms  of  hydrogen  in  immediate  relation  to  hydroxyl ;  thus : 

CHjOH  CH,OH 

CHOH   +   Oj,   =   OHf   +    CHOH 

CH,OH  COOH 

Glycerin.  Glyceric  acid. 

•  By  TRgnman'e  proems,  an  emnMon  of  water  and  fat  to  passed  under  pressure  through  a 
highly  heated  tube,  and  after  delivery  at  the  extreme  end  separatee  into  a  solution  of 
glycerin  and  the  fatty  acid.— B.  B. 
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The  formula  of  glycerin  indicates  the  possibility  of  effecting  a  second  sub- 
stitution of  the  same  kind,  which  would  yield  diglyceric  acid,  C,H40r  but 
this  acid  has  not  been  actually  obtained. 

Glycerin,  treated  with  a  mixture  of  strong  nitric  and  sulphuric  acids, 
forms  nitroglyctrin,  C,H,(NO, \J\>  a  heavy  oily  liquid  which  explodes  power- 
fully by  percussion.  It  is  much  used  for  blasting  in  mines  and  quarries, 
but  is  very  dangerous  to  handle,  and  has  given  rise  to  sereral  fetal  ac- 
cidents. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming  a  i*J- 
phoglyceric  acid,  0,11,0,80),  which  gives  soluble  salts  with  lime,  baryta,  and 
lead  oxide. 

Monatomie  oxygen  acid*  (acetic,  benxoic,  stearic,  &c),  heated  in  sealed 
tubes  with  glycerin,  yield  compound  ethers,  in  which  1,  2,  or  8  hydrogen- 
atoms  of  the  glycerin  are  replaced  by  an  equivalent  quantity  of  the  acid 
radical,  according  to  the  proportions  employed.  The  resulting  compound 
ethers  are  denoted  by  names  ending  inm;  thus : 

C,H,(OH),      +      HOC,H,0    s      C,Hf(OH)tOC,H,0      +    OH, 
Glycerin.  Acetic  acid.  Mono-acetin. 

C,H,(OH),      +     2HOC,H,0    =    CtH,(OH)(OC,H,0),    +    20H, 
Glycerin.  Acetic  acid.  Diacetin. 

C.Hs(OH),      +    8HOC,H,0    =        0,^(00,11,0),         -f-    80H, 
Glycerin.  Acetic  acid.  Triacetin. 

The  glyceric  ethers  or  glycerides  thus  produced. are,  for  the  most  part, 
oily  liquids  increasing  in  viscidity  as  the  acid  from  which  they  are  formed 
has  a  higher  molecular  weight ;  those  formed  from  the  higher  members  of 
the  fatty  acid  series,  0B  Hto0,  (such  as  palmitic  and  stearic  acids),  are  solid 
fats.  Some  of  the  triacid  glycerides,  produced  artificially  in  the  way  just 
mentioned,  are  identical  with  natural  fats  occurring  in  the  bodies  of  plant* 
and  animals ;  thus  tristearin  is  identical  with  the  stearin  of  beef  and  mutton 
suet ;  triolein  with  the  olein  of  olive  oil,  Ac. 

Hydrochloric  and  hydrobromic  acid*  act  upon  glycerin  in  the  same  manner 
as  oxygen  acids,  excepting  that  the  reaction  always  stops  at  the  second 
stage  (just  as  in  the  action  of  these  acids  on  the  glycols  it  stops  at  the  first 
stage).  The  ethers  thus  formed  are  called  chlorhydrins  and  bromhydrms,  Ac, 
t.  g. : 

C.H5(OH),    +    Ha    cs    0,H§(0H)^C1    +    OH, 
Glycerin.  Ohlorhydrm. 

C,H5(OH)9    +    2HC1  =     C,H§(0H)C1,    +    20H, 
Glycerin.  Dichlorhyarin. 

Hydriodic  acid  acts  somewhat  differently,  producing  an  ether,  0,H„IOr 
which  may  be  regarded  as  a  double  molecule  of  glycerin,  having  four  equiv- 
alents of  hydroxyl  replaced  by  two  atoms  of  oxygen,  and  a  fifth  by  iodine, 
CiH.001(0H)I. 

The  chloride*  and  bromide*  of  phosphorus  act  upon  glycerin  in  the  same 
manner  as  hydrochloric  and  hydrobromic  acid,  but  their  action  goes  on  to 
the  third  stage,  producing  trichlorhydrin  or  propenyl  chloride  and  the  cor- 
responding bromine  compound : 

C,H,(0H)C1,    +    PCI,    =    PC1,0    +    Ha    +    C.H.C1, 
Dichlorhydrin.  Trichlor- 

hydrin. 

'Iodide  of  phosphorus  acts  on  glycerin  in  a  totally  different  manner,  yield- 
ing iodopropene  or  allyl  iodide,  0,H,I  (p.  644). 
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Gltcidk. — When  dichlorhydrin  is  treated  with  potash,  it  gives  up  a 
molecule  of  hydrochloric  acid,  and  is  converted  into  a  compound  called 
epichlorhydrin : 

CLHjOHCl,    —    HC1    =s    C,H.OCl 
Dichlorhydrin.  Epichlor- 

hydrin. 

This  compound  may  he  regarded  as  the  hydrochloric  ether  of  an  alcohol, 
C^HftO(OH},  called  glycide,  formed  from  glycerin  by  abstraction  of  OHr 
Dibromhydrin,  C8Hft(OH)Brr  treated  in  the  same  manner,  yields  epibrom- 
Ayrfria,  or  the  hydrobromic  ether  of  glycide,  C,H5OBr.  Epichlorhydrin 
heated  with  dry  potassium  iodide  is  converted  into  epi-iodhydrin,  C,H6OI : 

CgHjOCl    +    KI    =    KC1    +    CsH6OL 

These  glyoidio  ethers  are  easily  reconverted  into  bodies  of  the  glycerin 
type.  Thus  epichlorhydrin  combines  with  acetic  acid,  forming  glyceric 
acetochlorhydrin  : 

(C.H§)'"C10    +    HOC,H,0    =    (Cjat)'"Cl(OH)(aCjafl); 
Epichlor-  Acetic  acid.  Acetochlorhydrin. 

hydrin. 

and  with  alcohol,  in  like  manner,  forming  glyceric  ethylchhrhydrin,  (C.H.)'" 
Cl(OH)(OC,H.). 

Epichlorhydrin  unites  directly  with  water,  forming  glyceric  monochlorhy- 
drinr  CtH5(OH),CL 

Poltoltcibins. — Two,  three,  or  more  molecules  of  glycerin  can  unite 
into  a  single  molecule,  with  elimination  of  a  number  of  water  molecules 
less  by  one  than  the  number  of  glycerin  molecules  which  combine  together ; 
thus: 

2C,H,(OH),     -    OH,  =      (<«)"'•{  (OH), 

Glycerin.  Diglycerin. 

8C,H,(OH),  -    20H,  =      <W"i{<0&), 

Glycerin.  Triglycerin. 

Generally : 

»C,H,(OH),  -    (*-l)OH,  =         (<W»{(oiV+, 

The  product  is  a  polyglycerin  whose  atomicity  (determined  by  the  num- 
ber of  equivalents  of  hydroxyl  contained  in  it)  is  n-j-2. 

The  mode  of  preparing  the  polyglycerins  is  similar  to  that  of  the  poly- 
ethenic  alcohols  (p.  661),  and  consists  in  heating  glycerin  with  chlorhydrin, 
whereby  diglycerin  and  hydrochloric  acid  are  formed  : 


C-iyJUOH),    +    C,H5(OH),  =  (C,H,),0(OH), 
Chlorhydrin.  Glycerin.  Diglycerin. 


+     HC1 


The  hydrochloric  acid  thus  formed  oonverts  a  fresh  quantity  of  glycerin 
into  chlorhydrin,  whioh  then  acts  in  a  similar  manner  on  the  diglycerin 
and  converts  it  into  triglycerin,  and  in  this  manner  the  process  is  con- 
tinued. The  polyglycerins  may  then  be  separated  by  fractional  distilla- 
tion.    Their  properties  are  but  little  known. 

Qnintenyl  Alcohol,  or  Amyl  Glycerin,  C5H1,08«(C5Hl)/"(OH)j.— -This 
compound  is  formed  from  bromoquintene  dibromide,  C5H9Br .  Br,,  or  quin- 
tenyl  bromide,  C6HfBrg,  by  the  series  of  processes  represented  in  the  fol- 
lowing equations: 
48* 
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C6H,Br,  +  2AgOC,H,0  «  2AgBr  +  (C.H,)'"  { l0^?*0)' 

Quintenyl  Silver  Silver  Quintenyl  diaoeto- 

bromide.  acetate.  bromide.  bromhydrin. 

(C6Ht)'"{  (Wgfi)*  +  2KOH  =  2KOC,H80  +  C6Ht"'  j  (^P» 

Quintenyl  diaceto-       Potassium    Potassium  Quintenyl 

bromhydrin.  hydrate.        acetate.  bromhydrin. 

(C6Hf)"'{(^)«    +    KOH     =     KBr  +  ((^'"(OH), 

Quintenyl  Quintenyl 

bromhydrin.  alcohol. 

Quintenyl  alcohol  is  a  thick  colorless  liquid,  haying  a  sweet  aromatic 
taste,  and  soluble  in  water.* 

Triatomio  Phenols. 

There  are  three  compounds  represented  by  the  formula  Qfifiv  and 
exhibiting  a  certain  relationship  to  the  phenols ;  these  are : 

1.  Pyrogallol,  or  Pyrogallic  aeia\  produced  by  the  action  of  heat  on  gallic 
(dioxysalicylic)  acid: 

<LH,05       =        CO,        +        CfH€0.; 
Gallic  Pyrogallic 

acid.  acid, 

also,  together  with  gallic  acid,  by  the  action  of  hot  caustic  potash  on  di- 
iodo  salicylic  acid,  CTH4IsOt.  It  is  conveniently  prepared  by  heating  a 
dried  aqueous  extract  of  gall-nuts  to  180°-185°  C.  (856°-S66°  F.)  in  an 
iron  pot  covered  with  a  paper  cap.  It  then  sublimes  and  condenses  on  the 
cap  in  long  flattened  prisms. 

Pyrogallic  acid  is  soluble  in  water,  alcohol,  and  ether;  it  melts  at  115° 
C.  (239°  F.),  boils  at  210°  C.  (410°  F.),  and  decomposes  at  250°  C.  (482° 
F.),  giving  off  water  and  leaving  a  residue  of  metagaUic  acid*  CcHX)r  It 
dissolves  in  caustic  potash  or  soda,  forming  a  solution  which  quickly  ab- 
sorbs oxygen  from  the  air,  and  turns  black:  this  solution  forms  a  very 
convenient  reagent  for  the  eudiometric  analysis  of  air  (p.  165).  With 
solutions  of  pure  ferrous  salts  it  produces  a  fine  blue  color,  but  the  smallest 
trace  of  ferric  salt  changes  the  tint  to  green.  With  bromine,  pyrogallic 
acid  forms  a  substitution-product  containing  C6HtBrgOp 

2.  Phloroglucin. — Phlorizin,  or  phloridzin,  a  crystalline  substance,  exist- 
ing ready-formed  in  the  root-bark  of  the  apple,  pear,  plum,  and  cherry- 
trees,  is  resolved  by  boiling  with  dilute  acids  into  glucose,  and  another 
crystalline  substance,  phloretin: 

G»HM0|i        +        OH,        =        C.H12Of       +       ClSH140; 
Phlorizin.  Glucose.  Phloretin. 

and  phloretin,  treated  with  aqueous  potash,  is  resolved  into  phloretic  acid, 
and  phloroglucin: 

C„HM0,        +        OH,        =        C,H„Of        +        C.H.O, 
Phloretin.  Phloretic  Phloro- 

acid.  glucin. 

Phloroglucin  is  a  neutral  crystalline  substance,  having  a  very  sweet 
taste,  soluble  in  water,  alcohol,  and  ether.     With  bromine  it  forms  the  com- 
•  Bauer,  Z«itachrift  fUr  Cheoi.  u.  Phanu.  1861,  p.  678. 
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pound  C6H,Br,Ot;  with  nitric  acid,  CiH5(NOs)Os;  with  ammonia,  a  base 
called  phloramine,  C6H5(NH,)0,;  with  acetyl  chloride  and  benzoyl  chloride,  it 
yields  the  compounds  C6H5(CsH,0)09,  and  CjH^HjOJO,,  both  of  which 
are  crystalline. 

8.  Erangulin, —  This  is  a  yellow  crystallizable  substance,  oontained  in 
the  bark  of  the  berry-bearing  alder  (Rhamntu  frangula).  It  is  insoluble  in 
water,  slightly  soluble  in  warm  alconol  and  ether,  soluble  in  fixed  oils, 
bensene,  and  oil  of  turpentine.  Fuming  nitric  acid  dissolves  it,  forming 
oxalic  acid,  and  an  acid  called  mtrofrangulic  acid,  said  to  contain  C^HjjNgOjg. 


TETRATOMIC  ALCOHOLS  AND  ETHERS. 

The  only  tetratomic  alcohols  at  present  known  are  erythrite,  C^H^O^ 
and  propylphycite,  C8H804. 

Erythrite,  C4Hw04=(C4H6)"(OH)4,  also  called  Erythromannite,  Erythro- 
glucin,  and  Phycite,  is  the  tetratomic  alcohol  corresponding  to  quartyl  alco- 
hol, C4H10O,  and  quartyl  glycol,  C4HMOs;  the  corresponding  glycerin  is 
not  known. 

Erythrite  is  a  saccharine  substance,  existing  ready-formed  in  Protococctu 
vulgaris.  It  was  originally  discovered  by  Dr.  Stenhouse  among  the  pro- 
ducts of  decomposition  of  erythric  acid.*  It  crystallizes  in  large  trans- 
parent prisms,  is  readily  soluble  in  water,  sparingly  soluble  in  alcohol, 
insoluble  in  ether ;  not  fermentable.  Heated  with  hydriodic  acid,  it  yields 
secondary  quartyl  iodide,  C4HfI  (p.  684) : 

C.H^O,        +        7HI        =        C4H,I        +        40H,        +        8Ir 

Heated  with  oxygen  acids,  it  forms  compound  ethers,  in  the  manner  of  alco- 
hols in  general ;  thus,  with  benzoic  acid,  C7H6Or  or  HOC«H50,  it  forms  a 
dibenzoate,  (C4H§)«'(0H),(0C.H40)p  and  a  hexbenzoate,  (C4,Hf),'(0ClHi0)4. 
2CTHcOr  consisting  of  neutral  benzoyl-erythrite  united  with  two  molecules 
of  benzoic  acid. 

Propylphycite,  C8H804=(C8H4)»'(OH)4.  —-This  alcohol  is  obtained  synthet- 
ically by  the  following  series  of  processes:  1.  Epichlorhydrin  which 
combines  with  hypochlorous  acid,  forming  the  dichlorhydrin  of  propyl- 
phycite : 


C.H.OCI  +  ClOH  =  (CjH.V'CVOH), 

Epichlor-  Hypo-  Dichlorhydrin  of 

hydrin.  chlorous  acid.  propylphycite. 

2.  This  dichlorhydrin,  treated  with  silver  acetate,  is  converted  into  the 
corresponding  diacetin,  (CjH.^OCjHjO^fOH),.—  8.  The  diacetin,  heated 
with  aqueous  potash,  yields  me  tetratomic  alconol. 

Propylphycite  is  a  colorless,  solid,  amorphous  mass,  which  deliquesces 
in  the  air  to  a  glutinous  liquid.  It  has  a  sweetish  taste,  dissolves  easily  in 
alcohol,  and  resembles  erythrite  in  its  chemical  relations.  With  fuming 
nitric  acid,  it  forms  nitropropylphycite,  C8HT(NO,)04. 

Carbon  tetrachloride,  CCL,  may  be  regarded  as  a  tetratomio  ether;  the 
corresponding  alcohol,  C(OH)4,  is  theoretically  possible,  but  is  not  actually 
known. 

*  See  the  chapter  on  coloring  matters. 
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PENTATOMTC  ALCOHOLS. 

Finite  and  piereUe,  two  saccharine  substances  baring  the  composition 
CjHuOp  probably  belong  to  this  class  of  bodies,  inasmuch  as  they  produce 
ethers  when  treated  with  acids,  and  the  atomicity  of  an  alcohol — that  is  to 
say,  the  number  of  replaceable  hydrogen-atoms  which  it  contains —  is  equal 
to  the  number  of  oxygen-atoms  in  its  molecule ;  such  indeed  is  the  case  with 
all  the  alcohols  described  in  the  preceding  pages. 

Pittite  is  contained  in  the  sap  of  a  Calif ornian  pine  (Pmus  Lambertiema), 
and  is  deposited  from  the  aqueous  extract  of  the  hardened  juice,  in  hard 
white  crystalline  nodules,  as  sweet  as  sugar-candy,  very  soluble  in  water, 
nearly  insoluble  in  alcohoL  It  turns  the  plane  of  polarization  of  a  luminous 
ray  to  the  right;  is  not  fermentable.  With  benzoic  aeid  it  forms  dibenzo- 
pinite,  CiHT(OC7HiO),(OH)r  and  tetrabenzopinite,  C§HT(0CTH§0)4(0H) ;  and 
similar  compounds  with  stearic  acid. 

Quercite  is  a  saccharine  substance  extracted  from  acorns,  by  treating  the 
aqueous  infusion  with  milk  of  lime  to  remove  tannic  acid,  leaving  the  liquid 
to  ferment  with  yeast  to  remove  fermentable  sugar,  evaporating  the  filtrate 
to  a  syrup,  and  leaving  it  to  crystallise.  It  forms  hard  monoclinic  crystals, 
which  grate  between  the  teeth,  and  are  soluble  in  water  and  in  hot  dilute 
alcohol.  Heated  in  a  sealed  tube  with  benzoic  acia\  it  forms  dibcnzoquerciU, 
CfH,(OCTH,0)f(OH)r 


HEXATOMIC  ALCOHOLS  AND  ETHERS. 

This  class  of  compounds  includes  most  of  the  saccharine  substances  found 
in  plants,  and  others  produced  from  them  by  artificial  transformation.  Two 
of  the  natural  sugars,  mannite  and  dtUeite,  having  the  composition  CcH,4Of, 
or  (C(Hs)ri(OHU  are  saturated  hexatomio  alcohols  derived  from  the  satu- 
rated hydrocarbon,  C6Hl4.  Several  others,  called  glucoses,  contain  CtH„Or 
that  is  to  say,  two  atoms  of  hydrogen  less  than  msnnite  and  dulcite,  and 
may  therefore  be  regarded  —  so  far  as  composition  is  concerned  —  as  the 
aldehydes  of  these  alcohols;  moreover,  ordinary  glucose  (grape-sugar)  is 
converted  into  mannite  by  the  action  of  nascent  hydrogen,  just  as  acetio 
aldehyde,  CsH40,  is  converted  into  common  alcohol,  CsHcO.  Further,  there 
are  diglucosic  alcohol*,  C.,H„0,,(=  2CtH,tOc  —  OH,),  related  to  the  glucoses 
in  the  same  manner  as  aiethenic  alcohol  to  glycol,  or  di glycerin  to  glycerin : 
the  most  important  of  these  are  cane-sugar  and  milk-sugar;  and,  lastly,  there 
are  certain  vegetable  products  —  viz.,  March,  cellulose,  and  a  few  others,  re- 
presented by  the  formula  C§H1005,  or  multiples  thereof  which  may  be  re- 
garded as  the  oxygen-ethers  or  anhydrides  of  the  glucoses,  or  of  the  diglu- 
cosio  alcohols,  inasmuch  as  they  differ  therefrom  by  a  molecule  of  water. 


SATURATED  HEXATOMIO  ALCOHOLS. 

Kannlto,  Cfff1406  =  (C6Hg)  (OH)r  —  This  is  the  chief  component  of  i 
an  exudation  from  a  species  of  ash:  it  is  also  found  in  the  juice  of  certain 
other  plants,  in  several  sea-weeds,  and  in  mushrooms.  It  is  best  prepared 
by  treating  manna  with  boiling  alcohol,  and  filtering  the  solution  while 
hot;  it  then  crystallises  on  cooling  in  tufts  of  slender  needles.  Mannite 
may  be  produced  artificially  by  treating  a  solution  of  glucose  with  sodium 
amalgam,  the  glucose  then  taking  up  2  atoms  of  hydrogen : 

C,H„0#        +        H,        =        CtUHOr 
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The  same  transformation  of  glucose  sometimes  takes  place  under  the  action 
of  certain  ferments. 

Mannite  crystallises  in  thin  four-sided  prisms,  easily  soluble  in  water  and 
in  hot  alcohol,  insoluble  in  ether.  It  is  slightly  sweet,  has  no  action  on 
polarised  light,  and  is  not  fermentable  except  under  very  unusual  conditions. 

By  oxidation  in  contact  with  platinum-black,  mannite  is  converted  into 
mannitic  acid,  CfHroOT,  and  mannitoae,  C6HuOc,  a  kind  of  sugar  isomeric  with 
glucose.  By  oxidation  with  nitric  acid  it  yields  saccharic  acid,  C6H10,  and 
ultimately  oxalic  acid,  Mannitic  acid  and  saccharic  acid  are  related  to 
mannite  in  the  same  manner  as  glycollic  acid  and  oxalic  acid  to  glycol ;  the 
relation  between  the  three  compounds  is  shown  by  the  following  formulae : 

CH,OH  COOH  COOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CH,OH  CHaOH  COOH  . 

Mannite.  Mannitic  Sacchario 

acid.  acid. 

By  fuming  nitric  acid,  or  more  easily  by  a  mixture  of  nitric  and  sulphuric 
acids,  mannite  is  converted  into  nitromannite,  C6Hg(NOs)606,  a  crystalline 
body,  which  explodes  violently  by  percussion  or  when  suddenly  heated, 
and  U  reconverted  into  mannite  by  ammonium  sulphide.  With  sulphuric 
acid  mannite  forms  sulpho-mannitic  acid,  CfHu06 .  3S0*. 

Mannite,  treated  with  hydriodic  acid,  is  converted  into  secondary  hexyl 
iodide,  or  hexylene  hydriodide  (p.  539) : 

C«HM°f    +    11HI    =    CaH„I    +    60H,    +    61, 
Mannite.  Hexyl 

iodide. 

Mannite,  heated  with  organic  acids,  forms  compound  ethers,  after  the 
manner  of  alcohols  in  general,  the  elements  of  the  manuite  and  the  acid 
uniting  together,  with  elimination  of  one  or  more  molecules  of  water.  The 
resulting  compounds,  called  mannitanides,  bear  a  considerable  resemblance 
to  the  fats ;  but  their  composition  has  not  been  very  exactly  determined. 

These  ethers,  when  saponified  with  alkalies,  yield,  not  mannite,  but  man- 
niton,  CiH]sOftt  a  compound  differing  from  mannite  by  one  molecule  of  water. 
The  same  compound  is  obtained  in  small  quantity  by  heating  mannite  to 
200°  C.  (302°  F.),  and  more  easily  by  prolonged  boiling  of  mannite  with 
strong  hydrochloric  acid.  It  is  a  syrupy  liquid,  which  volatilizes  slowly 
at  140°  C.  (284°  F.),  and  dissolves  easily  in  water  and  in  cold  absolute 
alcohol :  this  last  property  affords  the  means  of  separating  it  from  mannite. 
When  exposed  to  the  air,  it  slowly  absorbs  water,  and  is  reconverted  into 
mannite ;  the  change  is  acoelerated  by  boiling  with  acids  or  with  alkalies. 

Mannite,  boiled  with  butyric  acid,  gives  up  two  molecules  of  water,  and 
is  converted  into  mannidc,  C«H,004,  which  is  also  a  syrupy  liquid,  but  differs 
from  mannitan  in  being  much  more  volatile,  evaporating  rapidly  at  140°, 
and  in  being  quickly  reconverted  into  mannite  by  exposure  to  moist  air. 
It  dissolves  easily  in  water  and  in  absolute  alcohol. 

Dukite,  CgH^O,,  also  called  Duldn,  Dulcose,  and  MtlampyriU. — This  sugr 
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isomeric  with  mannite,  is  obtained  from  a  crystalline  substance,  of  unknown 
origin,  imported  from  Madagascar:  it  is  extracted  therefrom  by  boiling 
with  water,  and  crystallises  from  the  filtered  solution.  Dulcite  is  likewise 
obtained  from  Melampyrum  nemorosum,  by  mixing  the  aqueous  decoction 
of  the  plant  with  lime,  concentrating,  adding  hydrochloric  acid  in  slight 
excess,  and  evaporating  a  little;  it  then  separates  in  crystals  as  the  liquid 
cools. 

Dulcite  is  a  sweet  substance  resembling  mannite  in  most  of  its  properties, 
but  differing  from  it  in  its  crystalline  form,  which  is  that  of  a  monoclinic 
prism,  whereas  the  crystals  of  mannite  are  trimetric ;  and  also  in  its  melt- 
ing point,  dulcite  melting  at  182°  C.  (360°  F.),  mannite  at  165°  C.  (829°  F.)» 
and  by  yielding,  when  oxidised  with  nitric  acid,  not  saccharic  acid,  but 
mucic  acid,  which  is  isomeric  therewith.  Heated  with  organic  acids,  it 
forms  ethers  called  dulcitanides,  analogous  to  the  manmtantdes,  and  yielding 
by  saponification,  not  dulcite,  but  dulcitan,  CcH.s05,  which  may  likewise  be 
obtained  by  heating  dulcite  or  by  boiling  it  with  hydrochloric  acid. 

Isodulcite,  CcHMOr  or  CfH,,05.  OHr  a  saccharine  substance  isomeric  with 
mannite  and  dulcite,  is  produced,  according  to  Hlasiwetz  and  Pfaundler,* 
by  the  action  of  dilute  acid  on  quercitrin  (p.  000).  It  forms  large  trans- 
parent, regularly  developed  crystals  resembling  those  of  cane-sugar:  it  is 
sweeter  than  grape-sugar,  not  fermentable,  dissolves  in  2-09  parts  of  water  at 
18°  C.  (64°  F.),  and  easily  in  absolute  alcohol.  The  solutions  turn  the  plane 
of  polarization  to  the  right.  Isodulcite  melts  with  loss  of  water  between 
106°  and  110°  C.  (221°~280°  F.),  is  colored  yellow  or  brown  by  strong  sul- 
phuric acid  and  caustic  alkalies,  and  reduces  cupric  oxide.  By  a  mixture 
of  nitric  and  sulphuric  acids,  it  is  converted  into  a  slightly  explosive  nitro- 
compound, CjH^NOjjjO,. 


GLUCOSES,  C^Oo- 

The  sugars  included  in  this  formula  may  be  regarded  as  aldehydes  of  the 
saturated  alcohols,  CtHuOc.  Ordinary  glucose  (grape-sugar)  is  converted 
into  mannite  by  the  action  of  nascent  hydrogen  (p.  672),  and,  on  the  other 
hand,  mannite  when  slowly  oxidized  in  contact  with  platinum  black  is 
partly  converted  into  mannitose.  Nevertheless,  the  glucoses  still  exhibit 
the  characteristic  property  of  alcohols,  namely,  that  of  forming  ethers  by 
combination  with  acids  and  elimination  of  water.  The  formula  of  a  glucose 
may  indeed  be  derived  from  that  of  mannite  given  on  page  673,  by  remov- 
ing two  hydrogen-atoms  from  one  of  the  groups,  CH,OH,  the  other  groups 
remaining  as  before ;  the  glucoses  may  therefore  be  expected  to  act  as  pen- 
tatomic  alcohols.     Bodies  thus  constituted  may  be  called  alcoholic  aldehydes. 

The  following  varieties  of  glucose  are  known : 

1.  Ordinary  glucose,  produced  by  hydration  of  starch  under  the  influence 
of  dilute  acids  or  of  diastase,  and  existing  ready-formed,  together  with 
other  kinds  of  sugar,  in  honey  and  various  fruits,  especially  in  grapes,  and 
alone  in  diabetic  urine. 

2.  Maltose,  produced  by  the  limited  action  of  diastase  on  starch,  and 
differing  from  glucose  only  in  its  optical  rotatory  power. 

8.  Levulose,  existing  in  cane-sugar  which  has  been  acted  upon  by  acids, 
and  obtained  pure  by  the  action  of  dilute  acids  upon  a  variety  of  starch, 
called  inulin. 
4.  Mannitose,  produced  by  oxidation  of  mannite 
6.  Galactose,  formed  by  the  action  of  acids  on  milk-sugar. 

•  Aim.  Oa>  JPhann.  cxxril.  862. 
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6.  TnosiU,  existing  in  muscular  flesh. 

7.  Sorbin,  obtained  from  mountain-ash  berries. 

8.  Eucalyn,  existing,  together  with  another  kind  of  sugar,  in  the  so-called 
Australian  manna. 

The  first  four  of  these  glucoses  exhibit  but  very  slightly  diversity  in  their 
chemical  properties,  differing  chiefly  indeed  in  their  action  on  polarized 
light,  and  a  few  other  physical  properties.  They  all  yield  saccharic  acid 
by  oxidation.  Galactose  differs  from  them  in  yielding  mucio  acid  when 
oxidized.  Inosite,  sorbin,  and  eucalyn  exhibit  still  greater  differences  in 
their  chemical  properties,  especially  in  not  being  fermentable  except  under 
very  peculiar  circumstances,  whereas  the  five  other  glucoses  undergo  vinous 
fermentation  when  placed  under  certain  conditions  in  oontact  with  yeast. 

All  the  glucoses,  except  inosite,  are  decomposed  by  boiling  with  aqueous 
alkalies ;  this  property  distinguishes  them  from  mannite  and  duloite.  They 
are  not  carbonized  by  strong  sulphuric  acid  at  ordinary  temperatures.  When 
boiled  with  a  solution  of  potassio-cupric  tartrate,  they  throw  down  the 
copper  in  the  form  of  red  cuprous  oxide. 

1.  Ordinary  GIuoom,  Dextro-glucose,  Dextrose,  CfHltO§.OHr  —  This  va- 
riety of  sugar  is  very  abundantly  diffused  through  the  vegetable  kingdom : 
it  may  be  extracted  in  large  quantity  from  the  juice  of  sweet  grapes  (whence 
it  is  often  called  grape-sugar),  and  also  from  honey,  of  which  it  forms  the 
solid  crystalline  portion,  by  washing  with  cold  alcohol,  which  dissolves  the 
fluid  syrup.  The  appearance  of  this  substance,  to  an  enormous  extent,  in 
the  urine,  is  the  most  characteristic  feature  of  the  disease  called  diabtU*. 
It  exists  in  diabetic  urine  unmixed  with  any  other  kind  of  sugar,  and  is 
easily  obtained  by  concentrating  the  liquid  till  it  crystallizes,  washing  the 
crystals  with  cold  alcohol,  dissolving  them  in  water,  and  re-crystallizing. 
It  may  also  be  prepared  from  starch  by  the  action  of  diastase,  a  peculiar 
ferment  existing  in  germinating  barley,  or  by  boiling  with  dilute  sulphurio 
acid.  In  these  reactions  the  staroh  takes  up  the  elements  of  water,  and  is 
resolved  into  glucose  and  dextrin,  a  compound  isomeric  with  starch  itself, 
the  transformation  being  exactly  similar  to  the  saponification  of  a  fat  under 
the  influence  of  alkalies : 

SCfHiA        +        0H«       =        C»HwOf        +       2C§H,o05 
Starch.  Glucose.  Dextrin. 

Glucose  is  always  prepared  from  starch  when  required  in  considerable 
quantity.  The  mode  of  preparation  will  be  described  in  connection  with 
starch.  Cellulose  is  likewise  converted  into  glucose  by  the  action  of  acids 
(p.  000).  Lastly,  glucose  is  produced  by  the  decomposition  of  natural 
glucosides  by  boiling  with  dilute  acids. 

Glucose  is  much  less  sweet  than  cane-sugar,  and  less  soluble  in  water, 
requiring  1}  parts  of  the  cold  liquid  for  solution.  It  separates  from  its 
solutions  in  water  and  alcohol  in  granular  warty  masses,  which  but  seldom 
present  crystalline  faces.  When  pure,  it  is  nearly  white.  In  the  state 
of  solution  it  turns  the  plane  of  polarization  of  a  ray  of  light  to  the  right 
(hence  the  name  dextro-glucose  and  dextrose) :  its  specific  or  molecular  rota- 
tory power*  is  -f-  66°,  and  does  not  vary  with  the  temperature. 

Glucose  may  be  heated  to  120°  or  even  180°  C.  (248°-266°  F.)  without 

*  The  specific  or  molecular  rotatory  power  of  an  optioally  active  substance, 
usually  denoted  by  the  symbol  [«],  is  measured  by  the  number  of  degrees  through 
which  a  column  100  millimetres  or  1  decimetre  thick,  of  a  solution  containing  1 
gram  of  the  pure  substance,  would  rotate  the  plane  of  polarisation,  supposing  the 
specific  gravity  of  the  solution  to  be  =  1.  Henoe,  if  the  molecular  rotatory  power 
f£]  is  known,  the  rotation,  a,  of  the  plane  of  polarization  caused  by  a  stratum  1 
decimetre  thick,  of  a  solution  of  sp.  gr.  1,  and  containing  t  grams  of  substance  in 
I  gram  of  solution,  is  expressed  by  the  equation,  a  =  «[«]•    If*  however,  the 
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alteration,  but  at  170°  C.  (888°  F.)  it  gives  off  water  and  is  converted  into 
glucoean,  C6Hw06,  which,  when  freed  from  caramel  (p.  000)  by  means  of 
charcoal,  and  from  glucose  by  fermentation,  forms  a  colorless  mass,  scarcely 
sweet  to  the  taste,  and  having  somewhat  less  dextro-rotatory  power  than 
glucose.  At  higher  temperatures  glucose  blackens  and  suffers  complete 
decomposition.  Glucose  boiled  for  some  time  with  dilute  sulphuric  or  hydro- 
chloric acid,  is  converted  into  brown  substances  called  ulmin,  ulxnic  acid, 
&c.  —  Strong  sulphuric  acid  converts  it  at  ordinary  temperatures  into  sulpho- 
aaccharic  acid,  C6H,.OsSOr  which  forms  a  soluble  barium  salt. 

Lime,  baryta,  and  lead  oxide  dissolve  slowly  in  aqueous  solution  of  glucose, 
and  on  adding  alcohol  to  the  liquid,  compounds  of  these  oxides  with  glucose 
are  precipitated.  The  barium  compound  is  said  to  contain  (CJHJDJ. 
(BaO)0.2OHs;  the  calcium  compound,  (C(H„06)s(CaO),.20Hs;  the  lead 
compound,  (CflH./)c)vl1(PbO)s(OH)..  These  compounds  are,  however,  very 
unstable,  being  decomposed  at  the  neat  of  boiling  water.  Glucose  also  com- 
bines with  sodium  chloride,  forming  the  compound  (CcH13Otf)sNaCl .  OHr 

Glucose,  boiled  with  a  cupric  §al4  in  presence  of  alkalte*,  easily  reduces 
the  cupric  oxide  to  cuprous  oxide:  by  this  character  it  is  easily  distin- 
guished from  cane-sugar. 

When  solutions  of  cane-sugar  and  glucose  are  mixed  with  two  separate 
portions  of  solution  of  cupric  sulphate,  and  caustic  potash  added  in  excess 
to  each,  deep-blue  liquids  are  obtained,  which,  on  being  heated,  exhibit 
different  characters ;  the  one  containing  cane-sugar  is  at  first  bnt  little 
altered ;  a  small  quantity  of  red  powder  falls  after  a  time,  but  the  liquid 
long  retains  its  blue  tint:  with  the  glucose,  on  the  other  hand,  the  first  ap- 
plication of  heat  throws  down  a  copious  greenish  precipitate,  which  rapidly 
ohanges  to  scarlet,  and  eventually  to  dark-red  cuprous  oxide,  leaving  a 
nearly  colorless  solution.  If  the  analyst  have  but  small  quantities  of  ma- 
terial at  his  disposal,  a  mixture  of  cupric  sulphate  and  tartaric  acid,  to 
which  an  excess  of  potash  has  been  added,  may  be  used  with  advantage. 
This  solution,  called  potaeric-cupric  tartrate,  is  an  excellent  test  for  distin- 
guishing the  two  varieties  of  sugar,  or  discovering  an  admixture  of  glucose 
with  cane-sugar. 

gr.  is  i,  we  have  «  =  *[«]&  If  the  thiokness  of  the  stratum  is  X  decimetres,  we 
have  finally : 

a  -  t[*]i\. 
If,  then,  the  angle  of  rotation,  ;  has  been  found  by  experiment,  the  quantity 
of  substance,  c,  in  1  gram  of  solution  is  given  by  the  equation, 


If,  on  the  other  hand,  it  is  desired  to  determine  the  specific  rotatory  power,  we 
have  the  equation, 

For  example,  by  dissolving  11*347  grams  of  dextro-glueose  in  88*653  grams  of 
water,  a  solution  is  obtained,  having  a  sp.  gr.  of  1*048,  and  producing  in  a  tube  2 
decimetres  long,  a  rotation  of  13*7°.  Henoe  the  molecular  rotatory  power  of  dex- 
tro-glueose is  given  by  the  equation, 

[«]  =  ^ =  57*6. 

0-11347  X  2X  1*048. 
The  rotation  is  generally  observed  for  the  transition  tint  between  the  blue  and 
the  purple,  in  which  case  the  molecular  rotatory  power  is  denoted  by  the  simple 
symbol  [a] •  sometimes,  however,  it  is  observed  for  the  red  ray  •  and  in  this  ease 
the  symbol  [a]r  is  employed.  The  rotation  is  distinguished  as  +  or  — >  according 
as  it  takes  place  to  the  right  or  the  left. 
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Glucose  mixed  in  dilute  solution  with  yeast  and  exposed  to  a  temperature 
of  21°-26°  C.  (70°-80°  F.),  easily  undergoes  vinous  fermentation  (p.  516). 

2.  Maltose,  CcHlsOc. — This  name  is  given  by  Dubrunfaut  to  the  sugar  pro- 
duced by  the  action  of  diastase  upon  starch.  It  has  a  dextro-rotatory  power 
three  times  as  great  as  that  of  ordinary  glucose,  but  resembles  the  latter  in 
all  other  respects,  and  is  converted  into  it  by  boiling  with  dilute  acids.  It 
appears  to  be  merely  a  physical  modification  of  glucose,  the  difference  be- 
tween the  two  depending  on  the  arrangement  of  the  molecules,  not  on  that 
of  the  atoms  within  a  molecule. 

3.  Levulose,  C6H1306. — This  sugar,  distinguished  from  dextro-glucose  by 
turning  the  plane  of  polarisation  to  the  left,  occurs,  together  with  dextro- 
glucose,  in  honey,  in  many  fruits,  and  in  other  saccharine  substances. 
The  mixture  of  these  two  sugars  in  equivalent  quantities  constitutes  fruit- 
sugar,  or  inverted  sugar,  which  is  itself  levorotatory,  because  the  specific  ro- 
tatory power  of  levulose  is,  at  ordinary  temperatures,  greater  than  that  of 
dextro-glucose. 

Cane-sugar  may  be  inverted,  that  is,  transformed  into  a  mixture  of  equal 
parte  of  dextro-glucose  and  levulose,  by  warming  with  dilute  acids: 

CwHBOu    +    OH,    =    C€HnO«    +    CfivPr 

The  same  change  is  brought  about  by  contact  with  yeast,  or  with  peotase, 
the  peculiar  ferment  of  fruits;  and  likewise  takes  place  slowly  when  a  so- 
lution of  cane-sugar  is  left  to  itself. 

To  separate  the  levulose,  the  inverted  sugar  obtained  from  10  grams  of 
cane-sugar  is  mixed  with  6  grams  of  slaked  lime  and  100  grams  of  water, 
whereby  a  solid  calcium-compound  of  levulose  is  formed,  while  the  whole 
of  the  dextro-glucose  remains  in  solution,  and  may  be  separated  from  the 
precipitate  by  pressure.  The  calcium  salt  of  levulose  suspended  in  water 
and  decomposed  by  carbon  dioxide,  yields  a  solution  of  pure  levulose, 
which  may  be  filtered  and  concentrated  by  evaporation.  Levulose  may  be 
at  once  obtained  in  the  pure  state  by  the  action  of  dilute  acids  on  inulin. 

Levulose  is  a  colorless  uncrystallizable  syrup,  as  sweet  as*  cane-sugar, 
more  soluble  in  alcohol  than  dextro-glucose.  Its  rotatory  power  is  much 
greater  than  that  of  dextro-glucose  at  ordinary  temperatures,  but  dimin- 
ishes as  the  temperature  rises.  For  the  transition  tint,  [a]  =  — 106°  at 
14°  C.  (57°  F.);  =  —  79  5°  at  62°  C.  (122°  F.),  =  —53°  at  90°  C.  (194° 
F. ).  Now,  the  rotatory  power  of  dextro-glucose  is  the  same  at  all  tem- 
peratures, and  equal  to  -f-*>6° ;  consequently  that  of  inverted  sugar,  which 
is  — 25°  at  15°,  diminishes  by  about  one-half  at  62°,  becomes  nothing  at 
90°,  and  changes  *ign  above  that  temperature. 

Levulose  exhibits,  for  the  most  part,  the  same  chemical  reactions  as  dex- 
tro-glucose, but  is  more  easily  altered  by  heat  or  by  acids,  and  on  the  con- 
trary offers  greater  resistance  to  the  action  of  alkalies  or  of  ferments. 

Levolusan,  C§Hw0.t  the  oxygen-ether  or  anhydride  of  levulose,  is  pro- 
duced, together  with  dextro-glucose,  by  melting  cane-sugar  for  some  time 
at  160°  C.  (82°  F.): 

CijHbOu    =    CcHuOj    +    CcH13Or 

The  glucose  may  be  removed  from  the  liquid  by  fermentation,  and  the 
levoluaan,  which  is  unfermentable,  may  be  obtained  by  evaporation  as  an 
uncrystallizable  syrup.  By  boiling  with  water  or  dilute  acids,  it  is  con- 
verted into  a  fermentable  levorotatory  sugar,  probably  levulose. 

4.  Mannitosa,  C6H;„0# — This  is  the  sugar  produced,  together  with  man- 
nitic  acid,  by  the  oxidation  of  mannite  in  contact  with  platinum  black.  It 
may  be  separated  by  saturating  the  liquid  with  lime,  preoipitating  the  c»' 
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eiam  mannitate  with  alcohol,  evaporating  the  filtrate  to  a  syrup,  adding 
alcohol,  again  filtering,  and  evaporating  to  dryness. 

Mannitose  is  syrupy,  uncrystallizable,  fermentable,  inactive  to  polarized 
light,  and  resembles  the  other  glucoses  in  its  chemical  reaction. 

5.  Galactose,  C^H^O^  is  produced  by  boiling  milk-sugar  with  dilute  acids. 
It  is  soluble  in  water,  sparingly  soluble  in  cold  alcohol,  crystallises  more 
readily  than  ordinary  glucose;  has  a  dextro-rotatory  power  of  83-3°;  and 
is  very  easily  fermentable.  It  resembles  dextro-glucose  in  most  of  its  re- 
actions, but  is  distinguished  from  all  the  four  glucoses  above  described  by 
yielding  mucio  instead  of  saccharic  acid,  when  oxidised  by  nitric  acid. 

6.  Inosite,  or  Phaseomannite,  CcHuOr  is  a  variety  of  glucose  occurring 
in  the  muscular  substance  of  the  heart  and  other  organs  of  the  animal  body, 
also  in  green  kidney-beans,  the  unripe  fruit  of  PhaseoUu  vulgarity  and  in 
many  other  plants.  It  forms  prismatic  crystals,  resembling  gypsum,  solu- 
ble in  water,  but  insoluble  in  alcohol  and  ether.  It  may  be  boiled  with 
strong  aqueous  potash  or  baryta  without  alteration  or  coloration.  If  this 
sugar  be  evaporated  with  nitric  acid  nearly  to  dryness,  the  residue  mixed 
with  a  little  ammonia  and  calcium  chloride  and  again  evaporated,  a  beau- 
tiful and  characteristic  rose  tint  is  produced. 

Inosite  does  not  ferment  with  yeast,  but  in  contact  with  cheese,  flesh, 
or  decaying  membrane  and  chalk,  it  undergoes  lactous  fermentation,  pro- 
ducing lactic,  butyric,  and  carbonic  acids. 

7.  Sorbin,  or  Sorbite,  C(HlsOr  is  a  cry  stall!  sable  sugar  existing  in  the  juice 
of  ripe  mountain-ash  berries  (Sorbut  aucuparia).  The  juice,  when  allowed 
to  stand  for  some  time  in  open  vessels,  deposits  a  brown  crystalline  matter, 
which  may  be  obtained  in  transparent  colorless  crystals  belonging  to  the 
trimetrio  system.  This  substance  is  almost  insoluble  in  alcohol,  but  easily 
soluble  in  water,  to  which  it  imparts  an  exceedingly  sweet  taste.  A  solu- 
tion of  sorbin,  mixed  with  ammonia  and  lead  acetate,  yields  a  white  floccu- 
lent  precipitate,  containing  CiH4Pb//Or  With  sodium  chloride  it  forms  a 
compound  which  crystallises  in  cubes. 

Sorbin  is  converted  by  hot  nitric  acid  into  oxalic  acid.  It  does  not  fer- 
ment with  yeast,  but  in  contact  with  cheese  and  chalk,  at  40°,  it  undergoes 
lactous  fermentation,  yielding  a  large  quantity  of  lactic  acid,  together  with 
alcohol  and  butyric  acid. 

8.  Euoalyn,  CcH1206,  is  an  unfermentable  sugar,  separated  in  the  fermen- 
tation of  melitose  (the  sugar  of  the  Eucalyptus  of  Tasmania  J,  in  conse- 
quence of  the  destruction  of  a  fermentable  kind  of  sugar  which,  in  combi- 
nation with  eucalyn,  constitutes  melitose : 

C»HBOn    +    OH,  =  2CO,    +    2C,HfO    +    CfiJ^ 
Melitose.  Alcohol.  Eucalyn. 

On  evaporating  the  liquid,  the  eucalyn  remains  as  an  uncrystallizable 
syrup,  having  a  specifio  rotatory  power  of  +  &0°  nearly.  It  is  not  ren- 
dered fermentable  by  the  action  of  sulphuric  acid. 
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When  ordinary  glucose  Is  heated  to  100°-120°  for  fifty  or  sixty  hours 
with  acetic,  butyrio,  stearic,  benzoic  and  other  organic  acids,  the  two 
unite,  with  diminution  of  water,  and  compound  ethers  called  glucosides 
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are  formed,  analogous  to  the  mannitanides.  A  number  of  these  artificial 
glueosides  have  been  prepared  by  Berthelot,  who  regards  them  as  deriva- 
tives of  fflucosan,  CcH10Os.  because  when  heated  with  alkalies  they  yield 
glucosan,  not  glucose.  Thus,  there  is  a  glucoso-butyric  ether  to  which 
Berthelot  assigns  the  formula  C6H8(C4H70),05,  and  an  acetic  ether,  which 
he  regards  as  hexaceto-glucosan,  C(H4^C3HsO  )(Os ;  but  they  are  merely  oily 
liquids,  which  are  very  difficult  to  obtain  pure,  and  therefore  their  analyses 
are  not  much  to  be  depended  on. 

A  considerable  number  of  bodies  of  similar  constitution  exist  ready- 
formed  in  plants,  many  of  them  constituting  the  bitter  principles  of  the 
vegetable  kingdom.  None  of  these  natural  glueosides  have  been  produced 
artificially,  but  they  are  all  resolved  by  boiling  with  dilute  acids  into  glu- 
cose and  some  other  compound.  We  shall  describe  some  of  the  most  im- 
portant of  these  bodies. 

Aesculin,  CjjH^Ojj,  is  a  crystalline  fluorescent  substance  obtained  from 
the  bark  of  the  horse-chestnut  and  other  trees  of  the  genera  Aesculu*  and 
Pavia.  It  has  a  bitter  taste,  is  slightly  soluble  in  water  and  alcohol,  more 
soluble  in  the  same  liquids  at  the  boiling  heat,  nearly  insoluble  in  ether. 
It  is  colored  red  by  chlorine.  By  boiling  with  hydrochloric  or  dilute  sul- 
phuric acid,  it  is  resolved  into  glucose  and  a  bitter  crystalline  substance 
called  Kteuletm: 

CnHM0„    +    80H,    =    2C,HuO.     +      C.H.O, 
Aescuhn.  Glucose.  iEsculetin. 

The  aqueous  solution  of  aesculin  is  highly  fluorescent,*  the  reflected 
light  being  of  a  sky-blue  color.  Nearly  the  same  fluorescent  tint  is  exhi- 
bited by  an  infusion  of  horse-chestnut  bark.  The  color  of  the  latter  is, 
however,  slightly  modified  by  the  presence  of  another  substance,  paviin, 
which  exhibits  a  blue-green  fluorescence :  it  may  be  separated  from  aescu- 
lin by  its  greater  solubility  in  ether.  Aesculin  and  paviin  appear  to  exist 
together  in  the  barks  of  all  species  of  Aeeculu*  and  Pavia, — aesculin  being 
more  abundant  in  the  former,  and  paviin  in  the  latter. 

Amtodalin,  CjqH^NOj!  .  30Hr  is  a  crystalline  body  existing  in  bitter 
almonds,  the  leaves  of  the  cherry-laurel  (Cerattu  laurocerasits),  and  many 
other  plants  which  by  distillation  yield  hydrocyanic  acid  and  bitter-almond 
oil.  These  compounds  do  not  exist  ready-formed  in  the  plants,  but  are 
produced  by  the  decomposition  of  amygdalin  under  the  influence  of  emul- 
sin  or  synaptase,  a  nitrogenized  ferment  likewise  existing  in  the  plant. 
The  decomposition  is  expressed  by  the  equation— 

CaH„NOu    +    20H,    =    CxH60  -f    CNH    +    2CtHwO§ 
Amygdalin.                               Bitter-  Hydro-         Glucose, 

almond  cyanic 

oil.  acid. 

To  prepare  amygdalin,  the  paste  of  bitter-almonds,  from  which  the 
fixed  oil  has  been  expressed,  is  exhausted  with  boiling  alcohol,  which 
coagulates  the  synaptase,  renders  it  inactive,  and  dissolves  out  the  amygda- 
lin. The  alcoholic  liquid  is  distilled  in  a  water-bath,  and  the  syrupy  resi- 
due is  diluted  with  water,  mixed  with  a  little  yeast,  and  set  in  a  warm 
place  to  ferment:  a  portion  of  sugar,  present  in  the  almonds,  is  thus 
destroyed.  The  filtered  liquid  is  then  evaporated  to  a  syrup  in  a  water- 
bath,  and  mixed  with  alcohol,  which  throws  down  the  amygdalin  as  a  white 
crystalline  powder;  the  latter  is  collected  on  a  cloth  filter,  pressed,  redis- 
solved  in  boiling  alcohol,  and  left  to  cool.     It  separates  in  small  crystal- 

*  8eo  Light,  p.  01. 
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line  plates  of  pearly  whiteness,  which  are  inodorous  and  nearly  tasteless : 
it  is  decomposed  by  heat,  leaving  a  bulky  coal,  and  diffusing  the  odor  of 
the  hawthorn.  In  water,  both  hot  and  cold,  amygdalin  is  nearly  insoluble ; 
a  hot  saturated  solution  deposits,  on  cooling,  brilliant  prismatic  crystals, 
which  contain  water.  In  cold  alcohol  it  dissohres  with  great  difficulty. 
Heated  with  dilute  nitric  acid,  or  a  mixture  of  dilate  sulphuric  acid  and 
manganese  dioxide,  it  is  resolved  into  ammonia,  bitter-almond  oil,  benxoic 
acid,  formic  acid,  and  carbonic  acid;  with  potassium  permanganate,  it 
yields  a  mixture  of  potassium  oyanate  and  bensoate. 

Synaptase  has  neTcr  been  obtained  in  a  state  of  purity:  it  is  described 
as  a  yellowish-white,  opaque,  brittle  mass,  very  soluble  in  water,  and  co- 
agulable,  like  albumin,  by  heat,  in  which  case  it  loses  its  specific  property. 
In  solution  it  yery  soon  becomes  turbid,  and  putrefies.  The  decomposition 
of  amygdalin  under  the  influence  of  this  body  may  be  exhibited  by  dis- 
solving a  portion  in  a  large  quantity  of  water,  and  adding  a  little  emulsion 
of  sweet  almonds :  the  odor  of  the  volatile  oil  immediately  becomes  ap- 
parent, and  the  liquor,  on  distillation,  yields  hydrocyanic  acid. 

Cbitih,  CtHttNOr  is  the  substance  which  forms  the  elytra  and  integu- 
ments of  insects  and  the  carapaces  of  crustaceans.  It  is  best  prepared  by 
boiling  the  wing-cases  of  cockchafers  with  water,  alcohol,  ether,  acetic 
acid,  and  alkalies  in  succession,  as  long  as  anything  is  dissolved  out  by 
each.  According  to  Stadeler,*  it  is  resolved  by  boiling  with  dilute  acids 
into  glucose  and  lactamide : 

C,HttNOf    +    20Ht    =    C-HM0€    +    C,HTNOt 
Chitin.  Glucose.        Lactamide. 

Oallotannio  Acid,  C-HnOm  the  acid  contained  in  the  gall-nuts  of 
Querent  mfeetoria  and  other  species  of  oaks,  and  of  certain  species  of 
sumach,  is  a  glucoside,  resolved  by  the  action  of  acids  into  glucose  and 
gallic  acid: 

C*HttOn    +    40H,    =     C€HH0€    +    *C7H€0. 
Oallotannio  Glucose.        Gallic  acid, 

acid. 
It  will  be  described  in  connection  with  gallic  acid.     (See  the  chapter  on 
Acids.) 

Gltcyrkhieih,  CMHMOt;  Liqtjobicb-Spoar. — The  root  of  the  common 
liquorice  yields  a  large  quantity  of  a  peculiar  sweet  substance,  which  is 
soluble  in  water,  but  refuses  to  crystallize:  it  cannot  be  made  to  ferment 
Glycy rrhisin  forms  difficultly  soluble  compounds  with  acids ;  it  is  precipitated 
from  its  solution  by  lead,  calcium,  and  barium  salts,  the  precipitate  con- 
sisting of  glyoyrrhiiin  in  combination  with  the  base.  According  to  Gorup 
Besanes,  glyoyrrhiiin  when  boiled  with  dilute  acids,  splits  into  a  resinous 
body  called  glycyrretin,  and  glucose. 

C,4H„Ot     +      OHt     =     0,^0,     +      aHlaof 
i  Glyoyrrhiiin.  Glycyrretin.  Glucose. 

Mybohio  Acid,  C^H^NS/),*,  an  acid  existing  as  a  potassium  salt  in  the 
seed  of  black  mustard,  is  resolved  by  the  action  of  myrewtn,  an  albuminous 
ferment  likewise  contained  in  the  seeds,  into  volatile  oil  of  mustard  (allyl 
solphocyanate),  glucose  and  sulphuric  acid : 

C^HjjKNSjO,,    =    C.H.CNS    +    C€Btfl$  +    S04HK 
Potassium                   Allyl              Glucose.  Acid 

myronate.  sulpho-  potassium 

cyanate.  sulphate. 

•Ana.'""   "■-  --         '  %L 
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•  Phlorizin,  CtlH^O10.2OHr — This  is  a  substance  bearing  a  great  likeness 
to  salicin,  found  in  the  root-bark  of  the  apple  and  cherry-tree,  and  ex- 
tracted by  boiling  alcohol.  It  forms  fine,  colorless,  silky  needles,  soluble 
in  1000  parts  of  cold  water,  but  freely  dissolved  by  that  liquid  when  hot: 
it  is  also  soluble  without  difficulty  in  alcohol.  Dilute  acids  convert 
phlorizin  into  glucose  and  a  crystalliiable  sweet  substance  called  phloretm: 

CtlHMO10      +      OH,     =     C6Hla06      +      C10H14Of 
Phlorizin.  Glucose.  Phloretin. 

Phlorizin,  fused!  with  potash,  yields  phloretic  acid,  C9jjroO,,  a  beautifully 
crystalline  acid,  homologous  with  salicylic  and  anisic  acids. 

QuBRCiTRiN  is  n  crystalliiable  yellow  coloring  matter  occurring  in  quercitron 
bark, the  bark  of  Querent  mfeetoria^  whence  it  is  extracted  by  boiling  wit  h  water. 
Its  composition  has  been  variously  stated ;  indeed  it  is  by  no  means  certain 
that  the  so-called  quercitrins  examined  by  different  chemists  were  really 
identical  substances.  According  to  Hlasiwetz  and  Pfaundler*  it  contains 
CsHM0„,  and  is  resolved  by  boiling  with  dilute  acids  into  another  yellow 
crystalline  body  called  quercetin,  and  isodulcite  (p.  000): 

C»HwOtt     +      OH,    =    C^O*      +      C.H„0. 
Quercitrm.  Quercetin.  Isodulcite. 

8alicin,  CbHI80t,  is  a  crystallizable  bitter  substance  contained  in  the 
leaves  and  young  bark  of  the  poplar,  willow,  and  several  other  trees.  It 
may  be  prepared  by  exhausting  the  bark  with  boiling  water,  concentrating 
the  solution  to  a  small  bulk,  digesting  the  liquid  with  powdered  lead  oxide, 
and  then,  after  freeing  the  solution  from  lead  by  a  stream  of  sulphuretted 
hydrogen  gas,  evaporating  till  the  salicin  crystallizes  out  on  cooling.  It  is 
purified  by  treatment  with  animal  charcoal  and  re-crystallization. 

Salicin  forms  small,  white,  silky  needles,  having  an  intensely  bitter  taste, 
but  no  alkaline  reaction.  It  melts  and  decomposes  by  heat,  burning  with 
a  bright  flame,  and  leaving  a  residue  of  charcoal.  It  is  soluble  in  5-6  parts 
of  cold  water,  and  in  a  much  smaller  quantity  when  boiling  hot.  Oil  of 
vitriol  colors  it  deep  red. 

When  distilled  with  a  mixture  of  potassium  bichromate  and  sulphuric 
acid,  it  yields,  among  other  products,  a  yellow,  sweet-scented  oil,  called 
talicylol,  having  the  composition,  C7H6Ot,  and  identical  with  the  volatile 
oil  distilled  from  the  flowers  of  the  Spireea  vlmaria,  or  common  meadow- 
sweet. 

Salicin,  under  the  influence  of  the  emulsin  or  synaptase  of  sweet  almonds, 
is  resolved  into  glucose  and  saligenin: 

Cl3H1807    +    OH,    =    C6HwO$     +     C.H.H 
Salicin.  Glucose.  Saligenin. 

Saligenin  forms  colorless,  nacreous  scales,  freely  soluble  in  water,  alco- 
hol, and  ether.  It  melts  at  82°,  and  decomposes  at  a  higher  temperature. 
Dilute  acids  at  boiling  heat  convert  it  into  saltretin,  CtHfO,  a  resinous  sub- 
stance differing  from  saligenin  by  the  elements  of  water.  The  same  sub- 
stance is  produced  directly  from  salicin  by  boiling  with  dilute  acids.  Many 
oxidizing  agents,  as  chromic  acid  and  silver  oxide,  convert  saligenin  into 
salicylol ;  even  platinum  black  produces  this  effect.  Its  aqueous  solution 
gives  a  deep  indigo-blue  color  with  ferric  salts. 

8alicin  yields,  with  chlorine,  substitution-products  which  are  decomposed 
by  synaptase  in  the  same  manner  aB  salicin  itself,  yielding  chlorosaligenin, 
CTH,C10r  and  dichlorosaligenin,  CTH6C),Or     Dilute  nitric  acid  converts  sali- 

•  Ado.  Cb.  Pharm.  cxxvli.  362. 
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ein  into  helicin,  helicofdin,  and  anilotic  acid.  With  strong  nitric  acid,  at  a 
high  temperature,  nitrosalicylio  acid,  C,Hf(NOs)Or  is  produced. 

Populim,  C^H^Og,  is  a  substance  resembling  salicin  in  appearance  and 
solubility,  but  having  a  penetrating  sweet  taste.  It  is  found  accompanying 
salicin  in  the  bark  and  leaves  of  the  aspen.  It  has  the  composition  of  ben- 
loyl-salicin,  CuH.T(CTHftO)Ov,  and  when  heated  with  dilute  acids  is  resolved 
into  bensoic  acid,  and  the  products  of  decomposition  of  salicin,  namely, 
saliretin  and  glucose : 

C*H1T(C.H50)07   +    OH,    =    CTH,0,    +    C,Efi    +    C^O, 
Populin.  Bemoic        Sahretin.         Glucose, 

acid. 
With  potassium  bichromate  and  sulphuric  acid,  populin  yields  a  consider- 
able quantity  of  salicylol. 

Hklicih,  CgHpOp  is  a  white,  crystalline,  slightly  bitter  substance,  pro- 
duced by  the  action  of  very  dilute  nitrio  acid  upon  salicin: 

CttHI?0T    +    0    =    OH,    +    C^H^O, 
Salicin.  Helicin. 

It  is  slightly  soluble  in  cold,  freely  soluble  in  boiling  water,  and  is  resolved 
by  the  action  of  synaptase,  or  of  acids  or  alkalies  at  the  boiling  heat,  into 
glucose  and  salicylol : 

C^O,    +    OH,    =    C9VLnO$      +      C7HfO. 
Helicin.  Glucose.  Salicylol. 

Beniohtlicm,  CMHnOr  or  CuHl6(CTH5O^Or  produced  by  the  action  of 
dilute  nitric  acid  on  bemo-salicin,  is  resolved  in  like  manner  into  bensoic 
acid,  salicylol,  and  glucose : 

C-H,/),    +    20H,    =    CTH$Oa    +    C,HfO,     +     C|H^Oc 
Benxo-  Benzoic         Salicylol.  Glucose, 

helicin.  acid. 

Solahihb  is  a  crystalline  base  occurring  in  various  plants  of  the  solana- 
oeous  order,  especially  in  the  flower-stalks  and  berries  of  the  woody  night- 
shade (Solanum  dulcamara},  and  in  the  shoots  or  germs  thrown  out  by  po- 
tatoes kept  in  cellars  during  the  winter ;  it  may  be  extracted  from  these 
shoots  by  water  containing  a  little  sulphuric  acid.  It  probably  contains 
C^H.,NOir  and  is  resolved  by  boiling  with  dilute  acids  into  glucose  and 
goTantcKne,  which  is  also  a  basic  compound  crystallising  from  alcohol  in  long 
needles: 

CttH7INOl6     +     80H,     =     8C6HuO€      +      C-H^NO 
Solanine.  Glucose.  Sofanidine. 

Thtjjin,  C^HttO,r  is  aglucoside  occurring  in  the  green  parts  of  the  Amer- 
ican Arbor  vitae  (Thvja  occidentals).  It  forms  Bhining,  lemon-yellow, 
microscopic  crystals,  having  an  astringent  taste,  and  soluble  in  alcohol. 
When  heated  in  alcoholic  solution  with  hydrochloric  or  dilute  sulphuric 
acid,  it  is  resolved  into  glucose  and  thujetin,  CnHaOM : 

HW>n    +    40H,    =    2C6HU06    +    CBHttOir 

When  heated  for  a  short  time  only  with  hydrochloric  acid,  it  yields  also 
another  substance  called  tkujmin,  containing  CnH^014t  or  two  molecules  of 
water  less  than  thujetin.  Thujin  dissolves  in  baryta  water,  forming  a 
yellow  solution,  which  when  heated  deposits  an  orange-yellow  precipitate 
of  thujttic  arid,  CwHM018,  while  glucose  remains  dissolved : 

2C10HttO1,    +     OH,    =    2C6H12Of    +    C^O,,. 
All  these  compounds  are  crystalline. 
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Xahthokhamhih,  CmHv014,  a  orystallisabte  yellow  ooloring  matter  ob- 
tained from  Persian  or  Turkey  berrieB,  the  seeds  of  several  species  of 
JRAamnus,  is  resolved  by  boiling  with  dilute  acids,  into  glucose  and  rham- 
"****>  CuHio®s>  which  is  also  a  yellow  crystalline  substance: 

C»H„0M    +    30H,    =    2C,HuO,    +    C„H100, 

According  to  some  authorities,  zanthorhamnin  is  identical  with  quercitrin, 
and  rhamnetin  with  quercetin. 

There  are  a  few  compounds  which,  when  treated  with  dilute  acids,  split 
up  similarly  to  the  glucosides,  but  yield  saccharine  substances  differing 
in  composition  from  glucose.  Thus  phloretin,  as  already  observed,  is  re- 
solved into  phloretic  acid,  and  phloroglucin,  C9HeOa  (p.  570),  which  differs 
from  glucose  by  30Hr  Quercitrin  yields  quercetin  and  isodulcite,  CtHuOt, 
containing  two  atoms  of  hydrogen  more  than  glucose ;  and  indican,  C^hn 
NOir  yields  indiglucin,  CtH10O6,  containing  two  atoms  of  hydrogen  less  than 
glucose. 

Indican  is  a  colorless  substance  existing  in  woad  (hath  tinctoria),  and 
probably  in  most  other  plants  which  yield  indigo-blue.  It  likewise  occurs 
in  human  urine,  both  healthy  and  diseased,  and  when  present  in  consider- 
able quantity,  causes  the  urine,  nfter  spontaneous  fermentation  or  addition 
of  acids,  to  deposit  sometimes  indigo-blue,  sometimes  a  brown  substance 
isomeric  with  it,  called  indirubin. 

Indican  is  decomposed  by  dilute  acids  into  indigo-blue  (or  its  isomer, 
indirubin)  and  indiglucin : 

C-H^NO,,        +        20H,        =        C.H^NO        +        8C,H10Oe 
Indican.  Indigo-  Indiglucin. 

blue. 
In  contact  with  aqueous  soda  or  baryta  it  is  resolved  into  indiglucin,  and 
a  yellow  uncrystallizable  substance  called  indioanin: 

C-HflNOl7        +        OH,        =        C.H.oO,        +        C*flJ*On 
Indican.  Indiglucin.  Indicanin 

and  indicanin,  by  boiling  with  dilute  acids,  is  further  resolved  into  indi- 
glucin and  other  products. 

Indiglucin,  C«H100-,  is  a  colorless  or  light-yellow  syrup,  having  a  slightly 
sweet  taste,  soluble  in  water  and  alcohol,  but  precipitated  from  the  alco- 
holic solution  by  ether.  It  is  not  fermentable,  but  turns  acid  by  prolonged 
contact  with  yeast.  It  throws  down  cuprous  oxide  from  an  alkaline  ouprio 
solution,  metallic  silver  from  an  ammoniacal  solution  of  the  nitrate,  and 
gold  from  the  trichloride.  With  basic  or  neutral  lead  acetate,  on  addition 
of  ammonia,  it  forms  a  precipitate  containing  CuHlSPb"Ou.3Pb"0. 
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The  compounds  of  this  group,  including  cane-sugar  and  other  bodies  more 
or  less  resembling  it,  may  be  regarded  as  formed  by  the  combination  of 
two  or  more  molecules  of  glucose,  with  elimination  of  a  number  of  mole- 
cules of  water,  less  by  one  than  the  number  of  glucose  molecules  which 
enter  in  the  combination : 

2C.H..O,    —    H,0  =    C13HnOu,  Diglucosic  alcohol. 

SC.H^Oe    —    211,0  =    C18H8./)ir  Triglucosic  alcohol. 

nC6HwOe    —    (»-l)H,0     =    CfflHlon-f,0^+I. 
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The  only  known  alcohols  of  this  class  are  diglucosic  alcohols,  C12HcOn ; 
but  starch,  cellulose,  and  other  plant-constituents  appear  to  be  oxygen 
ethers,  or  anhydrides,  of  polyglucosic  alcohols  of  higher  orders. 

Cane-sugar  or  Saccharose,  CMHst01I. — This  most  useful  substance  is  found 
in  the  juice  of  many  of  the  grasses,  in  the  sap  of  several  forest-trees,  in 
the  root  of  the  beet  and  the  mallow,  and  in  several  other  plants.  Most 
sweet  fruits  contain  cane-sugar,  together  with  inverted  sugar  (p.  577) ; 
some,  as  walnuts,  hazelnuts,  almonds,  coffee-beans,  and  St  John's-bread 
(the  fruit  of  Ceratonia  tiliqua),  contain  only  cane-sugar.  Honey  and  the 
nectars  of  flowers  contain  cane-sugar  together  with  inverted  sugar ;  the 
sugar  in  the  nectars  of  cactuses  is  almost  wholly  cane-Bugar. 

Sugar  is  extracted  most  easily  and  in  greatest  abundance  from  the  sugar- 
cane (Saeeharum  officinarum),  cultivated  for  the  purpose  in  many  tropical 
countries.  The  canes  are  crushed  between  rollers,  and  the  expressed  juice 
is  suffered  to  flow  into  a  large  vessel,  where  it  is  slowly  heated  nearly  to 
its  boiling  point.  A  small  quantity  of  slaked  lime  mixed  with  water  is 
then  added,  which  occasions  the  separation  of  a  coagulum  consisting  chiefly 
of  earthy  phosphates,  waxy  matter,  a  pecultar  albuminous  principle,  and 
mechanical  impurities.  The  clear  liquid  separated  from  the  coagulum  is 
rapidly  evaporated  in  open  pans,  heated  by  a  strong  fire  made  with  the 
crushed  canes  of  the  preceding  year,  which  have  been  dried  in  the  sun, 
and  preserved  for  the  purpose.  When  sufficiently  concentrated,  the  syrup 
is  transferred  to  a  shallow  vessel,  and  left  to  crystallise,  during  which  time 
it  is  frequently  agitated  in  order  to  hasten  the  change  and  hinder  the  forma- 
tion of  large  crystals.  It  is,  lastly,  drained  from  the  dark  uncrysialHsable 
syrup,  or  molasset,  and  sent,  into  commerce,  under  the  name  of  raw  or  Mus- 
covado sugar.  The  refining  of  this  crude  product  is  effected  by  redissolv- 
ing  it  in  water,  adding  a  quantity  of  albumen  in  the  shape  of  serum  of 
blood  or  white  of  egg,  and  sometimes  a  little  lime-water,  and  heating  the 
whole  to  the  boiling  point:  the  albumen  coagulates,  and  forms  a  kind  of 
network  of  fibres,  which  enclose  and  separate  from  the  liquid  all  mechan- 
ically suspended  impurities.  The  solution  is  decolorized  by  filtration 
through  animal  charcoal,  evaporated  to  the  crystallizing  point,  and  put  into 
conical  earthen  moulds,  where  it  solidifies,  after  some  time,  to  a  confusedly 
crystalline  mass,  which  is  drained,  washed  with  a  little  clean  syrup,  and 
dried  in  a  stove:  the  product  is  ordinary  loaf-wgar.  When  the  crystalliza- 
tion is  allowed  to  take  place  quietly  and  slowly,  wgar-candy  results,  the 
crystals  under  these  circumstances  acquiring  large  volume  and  regular 
form.  The  evaporation  of  the  decolorized  syrup  is  best  conducted  in 
strong  close  boilers  exhausted  of  air;  the  boiling  point  of  the  syrup  is 
reduced  in  consequence  from  110°  C.  (230°  F.)  to  66-6°  C.  (150°  F.),  or 
below,  and  the  injurious  action  of  the  heat  upon  the  sugar  is  in  great 
measure  prevented.  Indeed,  the  production  of  molasses  in  the  rude  colo- 
nial manufacture  is  chiefly  the  result  of  the  high  and  long-contmued  heat 
applied  to  the  cane-juice,  and  might  be  almost  entirely  prevented  by  the 
use  of  vacuum-pans,  the  product  of  sugar  being  thereby  greatly  increased 
in  quantity,  and  so  far  improved  in  quality  as  to  become  almost  equal  to 
the  refined  article. 

In  many  parts  of  the  continent  of  Europe,  sugar  is  manufactured  on  a 
large  scale  from  beet-root,  which  contains  about  8  per  cent,  of  that  sub- 
stance. The  process  is  far  more  complicated  and  troublesome  than  that 
just  described,  and  the  raw  product  much  inferior.  When  refined,  how- 
ever, it  is  scarcely  to  be  distinguished  from  the  preceding.  The  inhabit- 
ants of  the  Western  States  of  America  prepare  sugar  in  considerable 
quantity  from  the  sap  of  the  sugar-maple,  Acer  saccharinvm,  which  is  come 
mon  in  those  parts.     The  tree  is  tapped  in  the  spring  by  boring  a  hole  a 
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little  way  into  the  wood,  and  inserting  a  small  spout  to  convey  the  liquid 
into  a  vessel  placed  for  its  reception.  This  is  boiled  down  in  an  iron  pot, 
and  furnishes  a  coarse  sugar,  which  is  almost  wholly  employed  for  domes- 
tic purposes,  but  little  finding  its  way  into  commerce. 

Pure  sugar  slowly  separates  from  a  strong  solution  in  large,  transparent, 
colorless  crystals,  haying  the  figure  of  a  modified  monoclinic  prism.  The 
crystals  have  a  specific  gravity  of  1  -6,  and  are  unchangeable  in  the  air. 
Sugar  has  a  pure,  sweet  taste,  is  very  soluble  in  water,  requiring  for  solu- 
tion only  one-third  of  its  weight  in  the  cold,  and  is  also  dissolved  by  alco- 
hol, but  less  easily.  When  moderately  heated  it  melts,  and  solidifies  on 
cooling  to  a  glassy  amorphous  mass,  familiar  as  bar Uy -sugar. 

1.  Cane-sugar,  heated  a  little  above  160°  C.  (320°  F.),  is  converted,  with- 
out loss  of  weight,  into  a  mixture  of  dextro-glucose  and  levolusan  (p.  577): 

cmHjAi      =      CeHiA      +      ceH»°5- 

At  a  higher  temperature,  water  is  given  off,  the  dextro-glucose  being 
probably  converted  into  glucosan  (p.  579):  afterward,  at  about  210°  C. 
(410°  F.),  more  water  goes  off,  and  a  brown  substance  called  caramel  re- 
mains, consisting  of  a  mixture  of  several  compounds,  all  formed  from  sugar 
by  elimination  of  water.  At  a  still  higher  temperature,  an  inflammable 
gaseous  mixture  is  given  off,  consisting  of  carbon  monoxide,  marsh-gas, 
and  carbon  dioxide ;  a  distillate  is  obtained,  consisting  of  brown  oils,  acetio 
acid,  acetone,  and  aldehyde ;  and  a  considerable  quantity  of  charcoal  re- 
mains behind.  The  brown  oils  contain  a  small  quantity  of  furfurol,  and  a 
bitter  substance  called  assamar. 

2.  By  prolonged  boiling  with  water,  cane-sugar  is  converted  into  inverted 
Mugar.  This  transformation  is  accelerated  by  the  presence  of  acids,  and 
apparently  also  of  certain  salts.  Different  acids  act  with  various  degrees 
of  rapidity — mineral  more  quickly  than  organic  acids,  sulphuric  acid  most 
quickly  of  all.  When  sugar  is  boiled  even  with  very  dilute  acids,  especially 
if  the  boiling  be  long  continued,  a  number  of  brown  amorphous  products 
are  formed,  called  ulmin,  ulmie  acid,*  &c. ;  if  the  air  has  access  to  the  liquid, 
formic  acid  is  likewise  produced.  Concentrated  hydrochloric  acid  decom- 
poses sugar  very  quickly. 

Strong  sulphuric  acid  decomposes  dry  sugar  when  heated,  and  a  concen- 
trated solution,  even  at  ordinary  temperatures,  with  copious  evolution  of 
sulphurous  oxide,  and  formation  of  a  large  quantity  of  black  carbonaceous 
matter.     By  this  reaction  cane-sugar  may  be  distinguished  from  glucose. 

8.  Cane-sugar  is  very  easily  oxidized.  It  reduces  silver-  and  mercury- 
salts  when  heated  with  them,  and  precipitates  gold  from  the  chloride. 
Pure  cupric  hydrate  is  but  slowly  reduced  by  it,  even  at  the  boiling  heat ; 
in  presence  of  alkali,  however,  a  blue  solution  is  formed,  and  on  boiling 
the  liquid,  cuprous  oxide  is  slowly  precipitated  (p.  674).  Cane-sugar  takes 
fire  when  triturated  with  8  parts  of  lead  dioxide,  and  forms  with  potassium 
chlorate  a  mixture  which  detonates  on  percussion,  and  burns  vividly  when 
a  drop  of  oil  of  vitriol  is  let  fall  upon  it.  Distilled  with  a  mixture  of  sul- 
phuric acid  and  manganese  dioxide,  it  yields  formio  acid.  Heated  with 
dilute  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  1  part  sugar  mixed 
with  3  parts  nitric  acid,  of  specific  gravity  1  «25  to  1  30,  and  heated  to  60° 
C.  (122°  F.),  is  wholly  converted  into  saccharic  acid: 

•  Under  the  names  ulmin  and  ulmie  add  have  been  confounded  a  number  of  brown  or  black 
nnerysUllixable  substances  produced  by  the  action  of  powerful  chemical  agents  upon  sugar, 
lignin,  4c,  or  generated  by  the  putrefactive  decay  of  vegetablo  fibre.  Common  garden  mould, 
for  example,  treated  with  dilute,  boiling  solution  of  caustic  potassa,  yields  a  deep-brown  solu- 
tion, from  which  acids  precipitate  a  flocculent,  brown  substance,  having  but  a  slight  degree 
of  solubility  In  water.  This  is  generally  called  ulmie  or  humie  acid,  and  its  origin  ascribed  to 
the  reaction  of  the  alkali  on  the  ulmin  or  humus  of  the  soil.  It  is  known  that  these  bodies 
differ  exceedingly  in  composition:  they  are  too  indefinite  to  admit  of  ready  inrestigation. 
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C„HMOu      +      06       =       20,^0,      OH, 
Sugar.  Saccharic  acid. 

At  the  boiling  heat,  the  product  consists  chiefly  of  oxalic  acid.  Very 
strong  nitric  acid,  or  a  mixture  of  strong  nitric  and  sulphuric  acids,  con- 
verts sugar  into  nitrosaccharosc,  probably  C^II^NO,)^!.  Sugar  is  like- 
wise oxidized  by  chloride  of  lime,  but  the  products  have  not  been  examined. 

4.  Cane-sugar  does  not  turn  brown  when  triturated  with  alkalies,  a 
character  by  which  it  is  distinguished  from  glucose:  it  combines  with 
them,  however,  forming  compounds  called  literates.  By  boiling  with  potash- 
lye  it  is  decomposed,  but  much  more  slowly  than  the  glucoses. 

Potassium-  and  Sodium-compounds  of  cane-sugar,  CnHnKO,j  and  C„Ha 
NaO,r  are  formed,  as  gelatinous  precipitates,  on  mixing  an  alcoholic  solu- 
tion of  cane-sugar  with  potash-  or  soda-lye. 

A  barium-compound,  C„H|0Ba"Ou .  H.O,  or  CuHnO., .  Ba"0,  is  obtained, 
as  a  crystalline  precipitate,  on  adding  hydrate  or  Bulphide  of  barium  to  an 
aqueous  solution  of  sugar.  It  may  be  crystallized  from  boiling  water,  but 
is  insoluble  in  alcohol. 

Calcium-compounds. — Lime  dissolves  in  sugar-water  much  more  readily 
than  in  pure  water.  The  solution  has  a  bitter  taste,  and  is  completely  but 
slowly  precipitated  by  carbonic  acid.  There  are  three  or  four  of  these 
compounds,  which  may  be  approximately  represented  by  the  following  for- 
mula : 

1.  CwHBOn.Ca"0.  8.   C„Hn011.2Ca"0.2H,0. 

2.  2C1,H22Oll.3Ca"0(?)  4.   CMHnOu .  8Ca"0. 

Magnesia  and  lead  oxide  are  also  dissolved  by  sugar-water.  A  crystalline 
lead-compound,  CwHl8Pb//aO,l,  is  precipitated  on  mixing  sugar-water  with 
neutral  lead-acetate  and  ammonia. 

Sugar  also  forms,  with  sodium  chloride,  a  crystalline  compound  contain- 
ing C„HMOn .  NaCl. 

Cane-sugar  is  not  directly  fermentable,  but  when  its  dilute  aqueous  solu- 
tion iB  mixed  with  yeast,  and  exposed  to  a  warm  atmosphere,  it  is  first 
resolved  into  a  mixture  of  dextrose  and  levulose  (p.  577),  which  then  enter 
into  fermentation,  yielding  alcohol  and  carbon  dioxide. 

Farasaocharose,  C,xHnOn. — This  is  an  isomer  of  cane-sugar,  produced, 
according  to  Jodin,*  by  spontaneous  fermentation.  An  aqueous  solution 
of  cane-sugar  containing  ammonium  phosphate  left  to  itself  for  three 
monthB  in  summer,  yielded,  under  circumstances  not  further  specified,  a 
crystallizable  sugar,  isomeric  with  saccharose,  together  with  an  amorphous 
sugar  having  the  composition  of  a  glucose,  both  dextro-rotatory.  Para- 
saccharose  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90  per 
cent.  Its  specific  rotatory  power  at  10°  =  +  108°,  appearing  to  increase 
a  little  with  rise  of  temperature.  It  does  not  melt  at  100°,  but  becomes 
colored,  and  appears  to  decompose.  It  reduces  an  alkaline  cupric  solution, 
but  only  half  as  strongly  as  dextro-glucose.  It  is  not  perceptibly  altered 
by  dilute  sulphuric  acid,  even  at  100° ;  hydrochloric  acid  weakens  its  rota- 
tory power,  turns  the  solution  brown,  and  heightens  its  reducing  power  for 
cupric  oxide. 

Melitose,  C^H^O,,. — A  kind  of  sugar  obtained  from  the  manna  which 
falls  in  opaque  drops  from  various  species  of  Eucalyptus  growing  in  Tas- 
mania. It  is  extracted  by  water,  and  crystallizes  in  extremely  thin  inter- 
laced needles,  having  a  slightly  saccharine  tnste. 

The  crystals  of  melitose  are  hydrated,  containing  C„HaO„  .  30Hr  They 
give  off  2  atoms  water  at  100°,  and  become  anhydrous  at  180°  C.  (266°  F.). 
fJtaMiAt  JtakhM,  torn.  liii.  p.  1252;  Ht.  720. 
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They  dissolve  in  9  parts  of  cold  water,  very  easily  in  boiling  water,  and 
dissolve  also  in  boiling  alcohol  more  freely  than  mannite.  The  alcoholic 
solution  yields  small  but  well-developed  crystals.  The  aqueous  solution 
turns  the  plane  of  polarization  to  the  right :  for  the  transition  tint  [a]  = 
+  102°. 

Melitose,  heated  with  dilute  sulphuric  acid,  is  resolved  into  a  fermentable 
sugar  (probably  dextroglucose),  and  non-fermentable  euealyn  (p.  578). 
Melitose  ferments  in  contact  with  yeaBt,  but  is  resolved,  in  the  first  in- 
stance, into  glucose  and  eucalyn.  It  does  not  reduce  an  alkaline  ouprio 
solution,  and  is  not  altered  by  boiling  with  dilute  alkalies  or  with  baryta* 
water.  It  is  oxidized  by  nitric  acid,  yielding  a  certain  quantity  of  mucio 
acid,  together  with  a  large  quantity  of  oxalic  aoid. 

Melezitose,  CwHMOn. — This  variety  of  sugar  is  found  in  the  so-called 
manna  of  Briancon,  which  exudes  from  the  young  shoots  of  the  larch 
(Lariz  JEuropxa).  The  manna  is  exhausted  with  alcohol,  which,  when  evap- 
orated, yields  melezitose  in  very  small,  hard,  shining  efflorescent  crystals, 
which  give  off  4  per  cent,  of  water  when  heated,  melt  below  140°  without 
further  alteration,  forming  a  liquid  which  solidifies  to  a  glass  on  cooling. 
Melezitose  is  dextro-rotatory;  [a]  =  -f-  94*1°.  It  dissolves  easily  in 
water,  is  nearly  insoluble  in  cold,  slightly  soluble  in  boiling  alcohol. 

Melezitose  decomposes  at  about  200°  C.  (392°  F.).  It  is  carbonized  by 
cold  strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hydrochloric 
acid,  and  forms  oxalic  acid  with  nitric  acid.  By  an  hour's  boiling  with 
dilute  sulphuric  acid,  it  is  converted  into  glucose.  In  contact  with  yeast  it 
passes  slowly,  or  sometimes  not  at  all,  into  vinous  fermentation.  It  is  not 
altered  at  100°  by  aqueous  alkalies,  and  scarcely  by  potassio-oupric  tar- 
trate. 

Trehalose,  C-HnO„ .  20Hr  is  obtained  from  Trthala  manna,  the  produce 
of  a  species  of  Echinops  growing  in  the  East,  by  extraction  with  boiling 
alcohol.  It  forms  shining  rhombic  crystals,  containing  C,aHMOu .  20Hr 
which  melt  when  quickly  heated  to  109°  C.  (228°  F.) ;  but  if  slowly  heated 
give  off  their  water  even  below  100°.  It  has  a  strongly  saccharine  taste, 
dissolves  easily  in  water  and  in  boiling  alcohol,  but  is  insoluble  in  ether. 
The  aqueous  solution  is  dextro-rotatory ;  [a]  =  -f*  199°. 

By  several  hours'  boiling  with  dilute  sulphuric  acid,  it  is  converted  into 
dextroglucose.  With  strong  nitric  acid  it  forms  a  detonating  nitro-com- 
pound;  heated  with  dilute  nitric  acid  it  yields  oxalic  acid.  In  contact  with 
yeast  it  passes  slowly  and  imperfectly  into  alcoholic  fermentation.  It  is 
not  altered  by  boiling  with  alkalies,  and  does  not  reduce  cuprous  oxide 
from  alkaline  cuprio  solutions.  Heated  with  acetic  or  butyric  acid,  it  yields 
compounds  not  distinguishable  from  those  which  are  formed  in  like  man- 
ner from  dextroglucose  (p.  577). 

Mycose,  0)3HsO„ .  20Hr  is  a  kind  of  sugar  very  much  like  trehalose, 
obtained  from  ergot  of  rye  by  precipitating  the  aqueous  extract  of  the 
fungus  with  basic  lead  acetate,  removing  the  lead  from  the  filtrate  by 
sulph-hydric  acid,  evaporating  to  a  syrup,  and  leaving  the  liquid  to  crys- 
tallize. It  differs  from  trehalose  only  in  possessing  a  somewhat  feebler 
rotatory  power;  [a]  =  -f  192*5°,  and  in  not  being  completely  dehydrated 
at  100°. 

Milk-sugar,  Laetln,  or  lactose,  CwHMOv .  OHr— This  kind  of  sugar  is 
an  important  constituent  of  milk ;  it  is  obtained  in  large  quantities  by  evap- 
orating whey  to  a  syrupy  state,  and  purifying  the  lactose,  which  slowly 
crystallizes  out,  with  animal  charcoal.  It  forms  white,  translucent,  four- 
sided,  trimetric  prisms,  of  great  hardness.  It  is  slow  and  difficult  of  solu- 
tion in  cold  water,  requiring  for  that  purpose  5  or  o  times  its  weight :  i* 
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has  a  faint,  sweet  taste,  and  in  the  solid  state  feels  gritty  between  the  teeth. 
"When  heated,  it  loses  water,  and  at  a  high  temperature  blackens  and  de- 
composes. Milk-sugar  combines  with  bases,  forming  compounds  which 
have  an  alkaline  reaction,  and  are  easily  decomposed.  Dilute  acids  con- 
vert it  into  galactose  (p.  678). 

Milk-sugar,  when  distilled:  with  oxidizing  mixtures,  such  as  sulphuric 
acid  and  manganese  dioxide,  yields  formic  acid.  With  nitric  acid,  it  forms 
mucio,  saccharic,  tartaric,  and  a  small  quantity  of  racemic  acid,  and  finally 
oxalic  acid.  Very  strong  nitric  acid,  or  a  mixture  of  nitric  and  sulphuric 
acids,  converts  milk-sugar  into  a  crystalline  substitution-product  called 
nUro-lactm. 

Milk-sugar  is  not  brought  immediately  by  yeaat  into  the  state  of  alco- 
holic fermentation ;  but  when  it  is  left  for  some  time  in  contact  with  yeast, 
fermentation  gradually  sets  in.  When  cheese  or  gluten  is  used  as  the  fer- 
ment, the  milk-sugar  is  converted  into  lactic  acid.  Alcohol  is,  however, 
always  formed  at  the  same  time,  especially  if  no  chalk  is  added  to  neutral- 
ize the  acid  as  it  forms;  the  quantity  of  alcohol  formed  is  greater  also  as 
the  solution  is  more  dilute. 

Gum.  —  Gum-arabic,  which  is  the  produce  of  several  species  of  acacia, 
may  be  taken  as  the  most  perfect  type  of  this  class  of  bodies.  In  its  purest 
and  finest  condition,  it  forms  white  or  slightly  yellowish  irregular  masses, 
which  are  destitute  of  crystalline  structure,  and  break  with  a  smooth  con- 
choidal  fracture.  It  is  soluble  in  cold  water,  forming  a  viscid,  adhesive, 
tasteless  solution,  from  which  the  pure  soluble  gummy  principle,  or  arabin, 
is  precipitated  by  alcohol,  and  by  basic  lead  acetate,  but  not  by  the  neutral 
acetate.  Arabin  is  composed  of  CnHaOUf  and  is  consequently  isomeric 
with  cane-sugar. 

Mucilage,  so  abundant  in  linseed,  in  the  roots  of  the  mallow,  in  talcp,  the 
fleshy  root  of  Orckit  nuucula,  and  in  other  plants,  differs  in  some  respects 
from  gum-arabic,  although  it  agrees  in  the  property  of  dissolving  in  cold 
water.  The  solution  is  less  transparent  than  that  of  gum,  and  is  precipi- 
tated by  neutral  lead  acetate.  Gum-tragacanth  is  chiefly  composed  of  a 
kind  of  mucilage  to  which  the  name  bassorin  has  been  given ;  it  refuses  to 
dissolve  in  water,  merely  softening  and  assuming  a  gelatinous  aspect.  It 
is  dissoved  by  caustic  alcali.  Cerarin  is  the  insoluble  portion  of  the  gum 
of  the  cherry-tree ;  it  resembles  bassorin.  The  composition  of  these  vari- 
ous substances  has  been  carefully  examined  by  Schmidt,  who  finds  that  it 
closely  agrees  with  that  of  starch.  Mucilage  invariably  contains  hydrogen 
and  oxygen  in  the  proportion  in  which  they  form  water,  and  when  treated 
with  acid,  yields  glucose. 

Pectin,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  closely  allied 
to  the  foregoing  bodies.  It  may  be  extracted  from  various  vegetable  juices 
by  precipitation  with  alcohol.  It  forms  when  moist  a  transparent  jelly, 
which  is  soluble  in  water,  tasteless,  and  dries  up  to  a  translucent  mass.  It 
is  to  this  substance  that  the  firm  consistence  of  currant  and  other  fruit- 
jellies  is  ascribed.  According  to  Fr£my,  the  composition  of  pectin  is 
CjjH^Oj,.  By  ebullition  with  water  and  with  dilute  acids  it  is  changed 
into  two  isomeric  modifications,  called  paropectin  and  metopectin.  In  contact 
with  bases,  these  three  substances  are  converted  into  pectic  acid,  C,^HaCu  (?), 
which  closely  resembles  pectin,  except  that  it  possesses  feeble  acid  proper- 
ties, and  is  insoluble  in  water.  By  long  boiling  with  caustic  alkali,  a  fur- 
ther change  is  produced,  and  metopcctic  add,  C^H^O,,  (!),  is  formed,  which 
does  not  gelatinise.  The  metallic  pectates  anumetapectates  are  uncrystal- 
lisable.  Much  doubt  still  exists  respecting  the  composition  of  the  various 
bodies  of  the  pectin  group ;  but  from  the  analyses  hitherto  made,  they  do 
not  appear  to  contain  hydrogen  and  oxygen  in  the  proportion  to  form  water, 
and  therefore  scarcely  belong  to  the  sugar  and  starch  group. 
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OXYGBN-ETHERS,  OR  ANHYDRIDES,  OF  THE  POLYGLUCOSIC  ALCOHOLS. 

These  compounds,  which  are  important  constituents  of  the  vegetable  or- 
ganism, may  be  derived  from  glucose  and  the  polyglucosic  alcohols  by 
abstraction  of  a  molecule  of  water: 


Glucose. 

=    CeH^Oy 

C«HnOu     —    H,0 
Diglucosic 
alcohoL 

=    CiAA*  or  20^0^ 

C„HwOM     -    H,0 
Triglucosio 
alcohol. 

=    C18HwOtf,  or  BCfiyfi^ 

CtaHlflB+,05»+l    —    H,0    =    C^H^O^,  or  nC^Oy 

All  these  bodies  are  therefore  isomeric  or  polymeric  one  with  the  other. 
Their  compounds  with  metallic  oxides,  &c,  have  not  been  sufficiently  in- 
vestigated to  fix  their  exact  molecular  weight,  or  to  determine  in  each 
case  the  value  of  n  ;  but  from  the  mode  of  conversion  of  starch  into  glu- 
cose, and  the  constitution  of  certain  substitution-products  obtained  by  the 
action  of  nitric  acid  on  cellulose,  it  appears  most  probable  that  in  these 
bodies  »=3. 

Stares,  nC$H1005,  probably  CiaHM015,  also  called  Fecula  and  Amidine. — 
This  is  one  of  the  most  important  and  widely  diffused  of  the  vegetable  prox- 
imate principles,  being  found  to  a  greater  or  less  extent  in  every  plant.  It 
is  most  abundant  in  certain  roots  aud  tubers,  and  in  soft  stems :  seeds  often 
contain  it  in  large  quantity.  From  these  sources  the  starch  can  be  obtained 
by  rasping  or  grinding  the  vegetable  structure  to  pulp,  and  washing  the 
mass  upon  a  sieve,  by  which  the  torn  cellular  tissue  is  retained,  while  the 
starch  passes  through  with  the  liquid,  and  eventually  settles  down  from 
the  latter  as  a  soft,  white,  insoluble  powder,  which  may  be  washed  with 
cold  water,  and  dried  at  a  very  gentle  heat. 
Potatoes  treated  in  this  manner  yield  a  large  Jty.193. 

proportion  of  starch.  Starch  from  grain  may  be 
prepared  in  the  same  manner,  by  mixing  the 
meal  with  water  to  a  paBte,  and  washing  the 
mass  upon  a  sieve:  a  nearly  white,  insoluble 
substance  called  gluten  is  then  left,  containing  a  © 

large  proportion  of  nitrogen.  The  gluten  of 
wheat-flour  is  extremely  tenacious  and  elastic. 
The  value  of  meal  as  an  article  of  food  greatly 
depends  upon  this  substance.  Starch  from  grain 
is  commonly  manufactured  on  the  large  scale  by 
steeping  the  material  in  water  for  a  consider- 
able time,  when  the  lactic  acid,  always  devel- 
oped under  such  circumstances  from  the  sugar 
of  the  seed,  disintegrates,  and  in  part  dissolves 
the  axotized  matter,  thereby  greatly  facilitating 
the  mechanical  separation  of  that  which  re- 
mains. A  still  more  easy  and  successful  process  has  lately  been  introduced, 
in  which  a  very  dilute  solution  of  caustic  soda,  containing  about  200  grains 
of  alkali  to  a  gallon  of  liquid,  is  employed  with  the  same  view.  Excellent 
starch  is  thus  prepared  from  rice.  Starch  is  insoluble  in  cold  water,  as 
60 
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indeed  its  mode  of  preparation  sufficiently  shows :  it  is  equally  insoluble 
in  alcohol  and  other  liquids,  which  do  not  effect  its  decomposition.  To 
the  naked  eye  it  presents  the  appearance  of  a  soft,  white,  and  often  glis- 
tening powder :  under  the  microscope  it  iB  seen  to  be  altogether  destitute 
of  crystalline  structure,  but  to  possess,  on  the  contrary,  a  kind  of  organi- 
sation, being  made  up  of  multitudes  of  little  rounded  transparent  bodies, 
upon  each  of  which  a  series  of  depressed  parallel  rings,  surrounding  a 
central  spot  or  hilum,  may  often  be  traced.  The  starch-granules  from  dif- 
ferent plants  vary  both  in  magnitude  and  form:  thoBe  from  the  Casma  eoc~ 
einea,  or  tout  let  mot*,  and  potato  being  largest ;  and  those  from  wheat,  and 
the  cereals  in  general,  very  muoh  smaller.  Figure  193  will  serve  to  con- 
vey an  idea  of  the  appearance  of  the  granules  of  potato-starch,  highly  mag- 
nified. 

When  a  mixture  of  starch  and  water  is  heated  to  near  the  boiling-point 
of  the  latter,  the  granules  burst  and  disappear,  producing,  if  the  propor- 
tion of  starch  be  considerable,  a  thick  gelatinous  mass,  very  slightly  opal- 
escent, from  the  shreds  of  fine  membrane,  the  envelope  of  each  separate 
granule.  By  the  addition  of  a  large  quantity  .of  water,  this  gelatinous 
starch,  or  amidin,  may  be  so  far  diluted  as  to  pass  in  great  measure  through 
filter-paper.  It  is  very  doubtful,  however,  how  far  the  substance  itself  is 
really  soluble  in  water,  at  least  when  cold ;  it  is  more  likely  to  be  merely 
suspended  in  the  liquid  in  the  form  of  a  swollen,  transparent,  and  insoluble 
jelly,  of  extreme  tenuity.  Gelatinous  starch,  exposed  in  a  thin  layer  to  a 
dry  atmosphere,  becomes  converted  into  a  yellowish,  horny  substance,  like 
gum,  which,  when  put  into  water,  again  softens  and  swells. 

Thin  gelatinous  starch  is  precipitated  by  many  of  the  metallic  oxides, 
as  lime,  baryta,  and  lead  oxide ;  also  by  a  large  addition  of  alcohol.  /*- 
fuMion  of  galls  throws  down  a  copious  yellowish  precipitate  containing  tan- 
nic acid,  which  re-dissolves  when  the  solution  is  heated.  By  far  the  most 
characteristic  reaction,  however,  is  that  with  free  iodine,  which  forms  with 
starch  a  deep  indigo-blue  compound,  which  appears  to  dissolve  in  pure 
water,  although  it  is  insoluble  in  solutions  containing  free  acid  or  saline 
matter.  The  blue  liquid  has  its  color  destroyed  by  heat,  temporarily  if  the 
heat  be  quickly  withdrawn,  and  permanently  if  the  boiling  be  long  con- 
tinued, in  which  case  the  compound  is  decomposed  and  the  iodine  volatil- 
ized.    Dry  starch,  put  into  iodine-water,  acquires  a  purplish-black  color. 

The  unaltered  and  the  gelatinous  starch,  in  a  dried  state,  have  the  same 
empirical  formula,  CcH.0O5.  A  compound  of  starch  and  lead  oxide  was 
found  to  contain,  when  dried  at  100°,  C6H1005 .  PbO,  or  CjgH^Oj, .  3PbO. 

Dextrin. — When  gelatinous  starch  is  boiled  with  a  small  quantity  of  di- 
lute sulphuric,  hydrochloric,  or  indeed,  almost  any  acid,  it  Bpeedily  loses 
its  consistency,  and  becomes  thjn  and  limpid,  from  having  suffered  conver- 
sion into  a  soluble  gum-like  substance,  called  dextrin,  on  account  of  its 
dextro-rotatory  action  on  polarized  light.  The  experiment  is  most  con- 
veniently made  with  sulphuric  acid,  which  may  be  afterward  withdrawn 
by  saturation  with  chalk.  The  liquid  filtered  from  the  nearly  insoluble 
gypsum,  may  then  be  evaporated  to  dryness  in  a  water-bath.  The  result 
is  a  gum-like  mass,  destitute  of  crystalline  structure,  soluble  in  cold  water, 
preoipitable  from  its  solution  by  alcohol,  and  capatge  of  combining  with 
lead  oxide. 

When  the  ebullition  with  the  dilute  acid  is  continued  for  a  considerable 
time,  the  dextrin  first  formed  undergoes  a  further  change,  and  becomes 
converted  into  dextro-glucose,  which  can  be  thus  artificially  produced  with 
the  greatest  facility.  The  length  of  time  required  for  this  remarkable 
change  depends  upon  the  quantity  of  acid  present ;  if  the  latter  be  very 
small,  it  is  necessary  to  continue  the  boiling  many  successive  hours,  re- 
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placing  the  water  which  evaporates.  With  a  larger  proportion  of  acid,  the 
conrersion  ie  much  more  speedy.  A  mixture  of  15  parts  of  potato-starch, 
60  parts  water,  and  (*>  parts  sulphuric  acid,  may  be  kept  boiling  for  about 
four  hours ;  the  liquid  neutralized  with  chalk,  filtered,  and  rapidly  evapo- 
rated to  a  small  bulk.  By  digestion  with  animal  charcoal  and  a  second 
filtration,  much  of  the  color  will  be  removed,  after  which  the  solution  may 
be  boiled  down  to  a  thin  syrup  and  left  to  crystallize :  in  the  course  of  a 
few  days  it  solidifies  to  a  mass  of  glucose.  There  is  another  method  of 
preparing  this  substance  from  starch  which  deserves  particular  notice. 
Germinating  seeds,  and  buds  in  the  act  of  development,  are  found  to  con- 
tain a  small  quantity  of  a  peculiar  azotized  substance,  called  diastase;  formed 
at  this  particular  period  from  the  gluten  of  vegetable  albuminous  matter. 
This  substance  possesses  the  same  curious  property  of  effecting  the  conver- 
sion of  starch  into  dextrin  and  glucose,  and  at  a  much  lower  temperature 
than  that  of  ebullition.  When  a  little  infusion  of  malt,  or  germinated  bar- 
ley, in  tepid  water,  is  mixed  with  a  large  quantity  of  thick  gelatinous  starch, 
and  the  whole  maintained  at  about  71°,  complete  liquefaction  takes  place 
in  the  space  of  a  few  minutes  from  the  production  of  dextrin  and  glucose. 
If  a  greater  degree  of  heat  be  employed,  the  diastase  is  coagulated  and 
rendered  insoluble  and  inactive.  Very  little  is  known  respecting  diastase 
itself;  it  seems  very  much  to  resemble  vegetable  albumin,  but  has  never 
been  obtained  in  a  state  of  purity. 

The  change  of  starch  or  dextrin  into  sugar,  whether  produced  by  the 
action  of  dilute  acid  or  by  diastase,  takes  place  quite  independently  of  the 
oxygen  of  the  air,  and  is  unaccompanied  by  any  secondary  product.  The 
acid  takes  no  direot  part  in  the  reaction ;  it  may,  if  not  volatile,  be  all 
withdrawn  without  loss  after  the  experiment.  The  whole  reaction  lies 
between  the  starch  and  the  elements  of  water,  a  fixation  of  tho  latter  oc- 
curring in  the  new  product,  as  will  be  Been  on  comparing  the  composition 
of  starch  and  glucose.  Dextrin  itself  has  exactly  the  same  composition  as 
the  original  starch. 

It  was  formerly  supposed  that,  in  the  action  of  acids  or  of  disastase  upon 
starch,  the  starch  is  first  converted  into  dextrin  by  a  mere  alteration  of 
physical  structure,  and  that  the  dextrin  then  takes  up  the  elements  of 
water,  and  is  converted  into  glucose,  this  second  stage  of  the  process  oc- 
cupying a  much  longer  time  than  the  first ;  but  from  recent  experiments 
by  Musculus*  it  appears  that  both  dextrin  and  glucose  are  produced  at  the 
very  commencement  of  the  reaction,  and  always  in  the  proportion  of  1 
molecule  of  glucose  to  2  molecules  of  dextrin,  whence  it  may  be  inferred 
that  the  molecule  of  starch  contains  C^H^O^,  and  that  it  is  resolved  into 
glucose  and  dextrin  by  taking  up  a  molecule  of  water: 

C^H^O*        +        OH,        =        C,1II20,        +        2C6H10O6 
Starch.  Glucose.  Dextrin. 

When  the  conversion  is  effected  by  a  dilute  acid,  the  dextrin  is,  after  sev- 
eral hours*  boiling,  completely  converted  into  glucose,  which  is  therefore 
the  sole  ultimate  product  of  the  reaction.  But  when  diastase  is  used  as 
the  converting  agent,  the  production  of  glucose  goes  on  only  so  long  as 
there  is  any  unaltered  starch  still  present,  the  dextrin  undergoing  no  fur- 
ther alteration. 

Dextrin  is  used  in  the  arts  as  a  substitute  for  gum ;  it  is  sometimes  made 
in  the  manner  above  described,  but  more  frequently  by  heating  dry  potato- 
starch  to  400°  C.  (762°  P.),  by  which  it  acquires  a  yellowish  tint  and  be- 
comes soluble  in  cold  water.  It  is  sold  in  this  state  under  the  name  of 
British  Gum. 

Starch  is  an  important  article  of  food,  especially  when  associated,  as  in 

•  Gomptat  Eendot,  1. 786;  liv.  104;  Ann.  Ch.  Phys.  [3],  Iz.  208;  [4],  vi.  177. 
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ordinary  meal,  with  albuminous  substances.  Arrowroot,  and  the  fecula  of 
the  Cattna  cocdnea,  are  very  pure  varieties,  employed  as  articles  of  diet; 
arrowroot  is  obtained  from  the  Marania  arundinaeea,  cultivated  in  the  West 
Indies;  it  is  with  difficulty  distinguished  from  potato- starch.  —  Tapioca  is 
prepared  from  the  root  of  the  Jatropha  manihol,  being  thoroughly  purified 
from  its  poisonous  juice.  —  Cassava  is  the  same  substance  modified  while 
moist  by  heat. — Sago  is  made  from  the  soft  central  portion  of  the  stem  of 
a  palm ;  and  salep  from  the  fleshy  root  of  the  Orchis  mascula. 

Stakch  from  Iceland  Moss. — The  lichen  called  Cetraria  Islandica,  puri- 
fied by  a  little  cold  solution  of  potash  from  a  bitter  principle,  yields,  when 
boiled  in  water,  a  slimy  and  nearly  colorless  liquid,  which  gelatinises  on 
cooling,  and  dries  up  to  a  yellowish  amorphous  mass,  which  does  not  dis- 
solve in  cold  water,  but  merely  softens  and  swells.  A  solution  of  this  sub- 
stance in  warm  water  is  not  affected  by  iodine,  although  the  jelly  is  ren- 
dered blue.  It  is  precipitated  by  alcohol,  lead  acetate,  and  infusion  of  galls, 
and  is  converted  into  glucose  by  boiling  with  dilute  sulphuric  acid.  Ac- 
cording to  Mulder,  it  contains  C§Hw05.  The  jelly  from  certain  algst,  as 
that  of  Ceylon,  and  the  so-called  Carragheen  most,  closely  resembles  the 
above. 

Inulin. —  This  substance,  which  differs  from  common  starch  in  some 
important  particulars,  is  found  in  the  root  of  Inula  helenium,  Helianthus  tu- 
berosus,  dahlia,  and  several  other  plants :  it  may  be  easily  obtained  by  wash- 
ing the  rasped  root  on  a  sieve,  and  allowing  the  inulin  to  settle  down  from 
the  liquid ;  or  by  cutting  the  root  into  thin  slices,  boiling  these  in  water, 
and  filtering  while  hot;  the  inulin  separates  as  the  solution  cools.  It  is  a 
white,  amorphous,  tasteless  substance,  nearly  insoluble  in  cold  water,  but 
freely  dissolves  by  the  aid  of  heat ;  the  solution  is  precipitated  by  alcohol, 
but  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine  colors  it  brown. 
Inulin  has  the  same  percentage  composition  as  common  starch.  By  boiling 
with  dilute  acids,  it  is  completely  converted  into  levulose  (p.  577) 

Cellulose,  nC6HMOs,  probably  C19HnOu;  also  called  Ligmtu — This  sub* 
stance  constitutes  the  fundamental  material  of  the  structure  of  plants ;  it 
is  employed  in  the  organization  of  cells  and  vessels  of  all  kinds,  and  forma 
a  large  proportion  of  the  solid  parts  of  every  vegetable.  It  must  not  be 
confounded  with  ligneous  or  woody  tissue,  which  is  in  reality  cellulose  with 
other  substances  superadded,  incrusting  the  walls  of  the  original  mem- 
branous cells,  and  conferring  stiffness  and  inflexibility.  Thus  woody  tissue, 
even  when  freed  as  much  as  possible  from  coloring  matter  and  resin  by 
repeated  boiling  with  water  and  alcohol,  yields,  on  analysis,  a  result  indi- 
cating an  excess  of  hydrogen  above  that  required  to  form  water  with  the 
oxygen,  besides  traces  of  nitrogen.  Pure  cellulose,  on  the  other  hand, 
has  the  same  percentage  composition  as  starch.* 

The  properties  of  cellulose  may  be  conveniently  studied  in  fine  linen 
and  cotton,  which  are  almost  entirely  composed  of  the  body  in  question, 
the  associated  vegetable  principles  having  been  removed  or  destroyed  by 
the  variety  of  treatment  to  which  the  fibre  has  been  subjected.  Pure  cel- 
lulose is  tasteless,  insoluble  in  water  and  alcohol,  and  absolutely  innutri- 
tious:  it  is  not  sensibly  affected  by  boiling  water,  unless  it  happens  to 
have  been  derived  from  a  soft  or  imperfectly  developed  portion  of  the 
plant,  in  which  caBe  it  is  disintegrated  and  rendered  pulpy.  Dilute  acids 
and  alkalies  exert  but  little  action  on  lignin,  even  at  a  boiling  tempera- 
ture ;  strong  oil  of  vitriol  converts  it,  in  the  cold,  into  a  nearly  colorless, 
adhesive  substance,  which  dissolves  in  water,  and  presents  the  characters 

•  JH^OtqUnte ftgpUqofa mix  Arts,  vL  & 


CELLULOSE.  593 

of  dextrin.  This  curious  and  interesting  experiment  may  be  conveniently 
made  by  very  slowly  adding  concentrated  sulphuric  acid  to  half  its  weight 
of  lint,  or  linen  cut  into  small  shreds,  taking  care  to  avoid  any  rise  of  tem- 
perature which  would  be  attended  with  charring  or  blackening.  The  mix- 
ing is  completed  by  trituration  in  a  mortar,  and  the  whole  left  to  stand  a 
few  hours ;  after  which  it  is  rubbed  up  with  water,  warmed,  and  filtered 
from  a  little  insoluble  matter.  The  solution  may  then  be  neutralized  with 
chalk,  and  again  filtered.  The  gummy  liquid  retains  lime,  partly  in  the 
state  of  sulphate,  and  partly  in  combination  with  sulpholigoic  acid,  an 
acid  composed  of  the  elements  of  sulphuric  acid,  in  union  with  those  of 
cellulose.  If  the  liquid,  previous  to  neutralization,  be  boiled  during  three 
or  four  hours,  and  the  water  replaced  as  it  evaporates,  the  dextrin  becomes 
entirely  changed  to  glucose.  Linen  rags  may,  by  these  means,  be  made  to 
furnish  more  than  their  own  weight  of  that  substance.  If  a  piece  of  un- 
sized paper  be  dipped  for  a  few  seconds  into  a  mixture  of  2  volumes  of  con- 
centrated sulphuric  acid  and  1  volume  of  water,  and  then  thoroughly 
washed  with  water  and  dilute  ammonia,  a  substance  is  obtained  which 
resembles  parchment,  and  has  the  same  composition  as  cellulose ;  it  occurs 
in  commerce  under  the  name  of  parchment  paper  (papyrin).  An  excel- 
lent application  of  this  substance  in  diffusion  experiments  is  mentioned  on 
page  149. 

Cellulose  dissolves  in  an  ammoniacal  solution  of  cupric  oxide  (prepared 
by  dissolving  basic  cupric  carbonate  in  strong  ammonia),  from  which  it  is 
precipitated  by  acids  in  colorless  flakes. 

Cellulose  is  not  colored  by  iodine. 

XyloTdin  axd  Pyroxylin. — When  starch  is  mixed  with  nitric  acid  of  spe- 
cific gravity  1*5,  it  is  converted,  without  disengagement  of  gas,  into  a 
transparent,  colorless  jelly,  which,  when  put  into  water,  yields  a  white, 
curdy,  insoluble  substance:  this  is  xyloidin.  When  dry,  it  is  white  and 
tasteless,  insoluble  even  in  boiling  water,  but  freely  dissolved  by  dilute 
nitric  acid,  and  the  solution  yields  oxalic  acid  when  boiled.  Other  sub- 
stances belonging  to  the  same  class  also  yield  xyloidin ;  paper  dipped  into 
the  strongest  nitric  acid,  quickly  plunged  into  water,  and  afterward  dried, 
becomes  in  great  part  so  changed :  it  assumes  the  appearance  of  parch- 
ment, and  acquires  an  extraordinary  degree  of  combustibility. 

If  pure,  finely  divided  ligneous  matter,  as  cotton-wool,  be  steeped  for  a 
few  minutes  in  a  mixture  of  nitric  acid  of  sp.  gr.  1  -5  and  concentrated 
sulphuric  acid,  then  squeezed,  thoroughly  washed,  and  dried  by  very 
gentle  heat,  it  will  be  found  to  have  increased  in  weight  about  70  per  cent., 
and  to  have  become  highly  explosive,  taking  fire  at  a  temperature  not  much 
Above  149°  C.  (300°  P.),  and  burning  without  smoke  or  residue.  This  is 
pyroxylin,  the  gun-cotton  of  Professor  Schonbein. 

Xyloidin  and  pyroxylin  are  substitution-products  consisting  of  starch  and 
cellulose,  in  which  the  hydrogen  is  more  or  less  replaced  by  nitryl,  N02. 
Xyloidin  consists  of  C$H,(  N02)0-,  or  C18Hn(N02)8Ol5.  Of  pyroxylin  several 
varieties  are  known,  distinguished  by  their  different  degrees  of  stability 
and  solubility  in  alcohol,  ether,  and  other  liquids.  According  to  Hadow,* 
the  three  principal  varieties  are : 

a. — C,8!ltt(NO-)«Ol5,  or  C6Ht(NOa)806,  insoluble  in  a  mixture  of  ether  and 
alcohol,  but  soluble  in  ethylic  acetate.  It  is  produced  by  repeated  immer- 
sion of  cotton-wool  in  a  mixture  of  2  molecules  of  nitric  acid,  N0SH,  2 
molecules  of  oil  of  vitriol.  S04Hr  and  three  molecules  of  water. 

#• — CttHM(N02)80,5,  soluble  in  ether-alcohol,  insoluble  in  glacial  acetic 

*  Chem.  Soc.  Jonrnal,  vH.  201. — A  aeries  of  elaborate  and  valnable  researches  on  gnn- 
eottoo  baa  recently  been  published  by  Abd  (Proceed.  Royal  Soc.)  xv.  182;  Chem.  Soc.  J.  [2], 
xv.  310. 
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acid.  Produced  when  the  acid  mixture  contains  half  a  molecule  more 
water  than  in  «. 

y. — 018Htt(NO,)-Oia  (Gladstone's  cotton-xyloidm),  soluble  in  ether  and  in 
glacial  acetic  acia.  Produced  when  the  acid  mixture  contains  one  mole- 
cule more  water  than  in  «. 

The  first  of  these,  which  consists  of  trimtrocellvlose,  is  the  most  explo- 
sive of  the  three,  and  the  least  liable  to  spontaneous  decomposition.  It  is 
the  only  one  adapted  for  use  in  gunnery,  and  is  especially  distinguished  as 
**  gun-cotton."  From  the  experiments  of  General  von  Lent,  of  the  Aus- 
trian service, it  appears  that  to  insure  the  uniform  production  of  this  par- 
ticular compound  the  following  precautions  are  necessary : 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton,  previously  to  its 
immersion  in  the  mixed  acids. — 2.  The  employment  of  the  strongest  acids 
procurable  in  commerce. — 3.  The  steeping  of  the  cotton  in  a  fresh  Btrong 
mixture  of  acids  after  the  first  immersion  and  partial  conversion  into  gun- 
cotton. — 4.  The  continuance  of  the  steeping  for  forty-eight  hours. — 5.  The 
thorough  purification  of  the  gun-cotton  thus  produced  from  every  trace  of 
free  acid,  by  washing  the  product  in  a  stream  of  water  for  several  weeks ; 
subsequently  a  weak  solution  of  potash  may  be  used,  but  this  is  not  essen- 
tial. 

The  solution  of  the  less  highly  nitrated  compounds  in  alcohol  and  ether 
is  called  collodion.  This  solution,  when  left  to  evaporate,  dries  up  quickly 
to  a  thin,  transparent,  adhesive  membrane :  it  is  employed  with  great  ad- 
vantage in  surgery  as  an  air-tight  covering  for  wounds  and  burns.  It  is 
also  largely  used  in  photography  (p.  98). 

Glycogen,  nCgH1006,  was  obtained  by  Bernard  from  the  liver  of  several 
animals  (calf  or  pig)  by  exhaustion  with  water  and  precipitating  with 
boiling  alcohol.  The  precipitate  is  purified  by  boiling  with  dilute  pot- 
ash, repeatedly  dissolving  in  strong  acetio  acid,  and  precipitating  by 
alcohol.  Glycogen  also  enters  largely  into  the  composition  of  most  of  the 
tissues  of  the  embryo.  The  muscles  of  foetal  calves  of  three  to  seven 
months  have  been  found  to  yield  from  20  to  50  per  cent,  of  it 

Glycogen  is  a  white,  amorphous,  starch-like  substance,  without  odor  or 
taste,  yielding  an  opalescent  solution  with  water,  but  insoluble  in  alcohol. 
It  does  not  reduce  an  alkaline  solution  of  copper.  This  substance  does  not 
ferment  with  yeast,  but  is  converted  into  glucose  by  boiling  with  dilute  acids, 
or  by  contact  with  diastase,  pancreatic  juice,  saliva,  or  blood. 


ORGANIC  ACIDS. 

ORGANIC  ACIDS,  or  carbon  acids,  are  derived,  as  we  bare  several 
times  bad  occasion  to  observe,  from  alcohols,  by  the  substitution  of 
oxygen  for  an  equivalent  quantity  of  hydrogen  (0  for  Hs) ;  in  fact  they  are 
often  produced  directly  from  alcohols  by  the  action  of  oxidising  agents. 
Now  the  formula  of  an  alcohol  is  derived  from  that  of  a  hydrocarbon  by 
substitution  of  one  or  more  equivalents  of  hydroxyl  (OH)  for  an  equal 
number  of  hydrogen-atoms,  the  number  of  such  substitutions  determining 
the  atomicity  of  the  alcohol  (p.  508),  that  is  to  say,  the  number  of  its  hy- 
drogen-atoms that  can  be  replaced  by  a  monatomio  alcohol  radical  or  acid 
radical,  and  in  some  cases  by  an  alkali-metal ;  in  other  words,  the  number 
of  ethers  that  an  alcohol  can  form  with  a  monatomic  alcohol  radical  is  equal 
to  the  number  of  equivalents  of  hydroxyl  contained  in  its  molecules ;  thus 
glycerin,  which  is  a  triatomio  molecule,  yields  three  ethylic  ethers : 

CH,0H  CH,OC,Hs  CH.OCjH,  CHflCflt 

CHOH  CHOH  CHOH  CHOCjH, 

CH,OH  Ah,0H  CHjOC.Hj  CH,0C,Hs 

Glycerin.       Mono  ethylin.         Die  thy  fin.  Triethylin. 

The  hydrogen  thus  replaceable,  called  typic  hydrogen,  is  that  which  Is 
combined  with  the  carbon,  not  directly,  but  only  through  the  medium  of 
oxygen. 

The  number  of  acids  which  any  alcohol  can  yield  is  equal  to  the  number 
of  times  that  the  group  or  radical,  CH,OH,  enters  into  its  molecule ;  and 
the  passage  from  the  alcohol  to  the  acid  consists  in  the  substitution  of  O 
for  H.  in  this  group,  or  in  the  conversion  of  CH.OH  into  the  acid  radical 

CH, 
GOOH,  called  oxatyl.    Thus  ethyl  alcohol,   |  ,  which  is  monatomio, 

CH.OH 
CHS 
can  yield  but  one  acid,  namely,  acetic  acid,  I  ;  but  ethene  alcohol  or 

COOH 
glycol,  which  is  diatomic,  yields  two,  vis.,  gly collie  and  oxalic  acids: 

CH,OH  CH.OH  .  COOH 

CH,OH  COOH  COOH 

Ethene  Glycollic  Oxalic 

alcohol.  acid.  acid. 

Further  observation  shows  that  the  basicity  of  an  organic  acid,  that  is  to 
say  the  number  of  its  hydrogen-atoms  that  can  be  replaced  by  metals  to 
form  salts,  is  equal  to  the  number  of  equivalents  of  oxatyl  contained  in  it, 
or,  in  other  words,  to  the  number  of  hydrogen-moleoules  (H2)  that  have 
been  replaced  by  oxygen  (0),  in  the  immediate  neighborhood  of  hydroxyl 
(OH),  to  convert  the  alcohol  into  an  acid.  Thus  from  propene-glycol, 
CflHgOp  are  derived  the  two  diatomic  acids,  lactic  acid,  C,H6Oa>  which  is 
monobasic,  and  malonic  acid,  CsH404,  which  is  bibasic : 
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CH,OH 

CH,OH 

CH, 

CH, 

CH,OH 

COOH 

Propene 

Lactic 

glycol. 

acid. 
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COOH 
CH, 

COOH 

Malonic 

acid. 

The  atomicity  of  an  acid  is  the  same  as  that  of  the  alcohol  from  which 
it  is  derived ;  thus  lactic  acid,  though  it  contains  only  one  atom  of  basic  hy- 
drogen, and  therefore  forms  only  one  class  of  metallic  salts,  represented 
by  the  formula  CtH(0,M,  can  form  two  ethylic  ethers,  vis.,  ethyl-lactic  acid 
and  diethyl-lactate  or  ethyl-lactate  ;  thus : 

CH,OH  CH,OC,H6  CH,OC,H§ 

CH,  CH,  CH, 

COOH  COOH  COOC,Hs 

Lactic  acid  Ethyl-lactic  Diet  hylic 

(monobasic).  acid  (mono-  lactate 

basic).  (neutral). 

From  these  considerations  it  appears,  that  monatomic  acids  must  neces- 
sarily be  monobasic ;  but  diatomic  acids  may  be  either  monobasic  or 
bibasic ;  triatomic  acids,  either  monobasic,  bibasic,  or  tribasic ;  and  so  on. 

Many  of  the  most  important  acids  are  derived,  in  the  manner  above  ex- 

Slained,  from  actually  known  alcohols ;  others,  though  they  have  no  alco- 
ols  actually  corresponding  to  them,  are  homologous  with  other  acids  de- 
rived from  known  alcohols;  but  there  is  also  a  considerable  number  of 
acids,  especially  those  formed  in  the  vegetable  or  animal  organism,  which 
cannot  be  regarded  as  derivatives  of  alcohols  of  any  known  series ;  but 
the  number  of  these  unclassified  acids  will  doubtless  diminish  as  their  com- 
position and  reactions  become  more  thoroughly  known. 

These  acids  may  also  be  regarded  as  compounds  of  hydroxyl  with  oxygen- 
ated radicals  (acid  radicals)  formed  from  the  corresponding  alcohol-radi- 
cals by  substitution  of  O  for  Hr  or  as  derived  from  one  or  more  molecules 
of  water  (according  to  their  atomicity),  by  substitution  of  such  radicals 
for  half  the  hydrogen  in  the  water ;  «.  y., 

Type. 

H}0  C#}0  ^.0|0 

Water.  Ethyl  alcohol.  Acetic  acid. 

H}0         4)/,}}o'     (C40)/'}0     ^"J0' 

Water  (2  mol.)        Propene  Lactic  acid.        Malonic  acid, 

glycol. 

In  these  typical  formulae  of  polyatomic  acids,  the  typic  or  alcoholic  hy- 
drogen (replaceable  only  by  alcoholic  or  acid  radicals),  is  placed,  for  dis- 
tinction, above  the  acid  radical;  and  the  basic  hydrogen,  replaceable  either 
by  metals  or  alcohol  radicals,  below. 

The  acid  radicals  arc  denoted  by  names  ending  in  yU  formed  from  those 


d  by  na 
C^H.O, 


of  the  acids  themselves ;  thus,  C^HsO,  the   radical  of  acetic  acid,  is  called 
acetyl ;  CsH40,  is  lactyl;  C,H,0-,  is  malonyl,  &c. 

The  replacement  of  the  hydroxy  I  in  an  acid  by  chlorine,  bromine,  or 
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iodine,  gives  rise  to  acid  chlorides,  &c. ;  thus  from  aoetio  acid,  CsHsO(OH), 
is  derived  acetic  chloride,  CsH.OCl,  &c.  The  replacement  of  the  hydrogen 
within  the  radical  (radical  hydrogen)  by  the  same  elements,  or  by  the  rad- 
icals, CN,  NOr  NHr  &c,  gives  rise  to  chlorinated,  brominated,  cyanated, 
nitrated,  and  amidated  acids  (see  p.  469).  Lastly,  the  replacement  of  the 
typic  hydrogen  by  alcohol-radicals  gives  rise  to  ethereal  salts  or  compound 
ethers ;  and  its  replacement  by  acid  radicals  yields  acid  oxides  or  anhy- 
drides (p.  469).  The  derivatives  of  each  acid  will  be  described  in  connec- 
tion with  the  acid  itself. 


MONATOMIO  ACIDS. 

These  acids,  being  derived  from  monatomic  alcohols  by  substitution  of 
O  for  Hr  necessarily  contain  two  atoms  of  oxygen.  Each  series  of  hydro- 
carbons yields  a  series  of  monatomic  alcohols  and  a  series  of  monatomio 
acids;  thus: 


Hydrocarbons. 

Alcohols. 

Acids. 

C.H„+, 
C.H„ 

Ca  Hjb_2 
&C. 

CaH^+^O 

CH^O 

CnH^O 

CaH^.40 
&c. 

CnH^O, 
C.H^-,0, 

Cn  H-n_40. 

C.H„_Oi 
&c. 

The  best  known  monatomio  acids  are  those  belonging  to  the  series 
CBHtoOr  CHte-jO,,  CnHj^O,,  and  Qtfit&-Vfir  0f  tho  other  »eries  only 
a  few  terms  have  hitherto  been  obtained. 

1.  —Adds  belonging  to  the  series  CaHfcOr  or  CBHSB_iO(OH). 

These  acids  are  called  fatty  or  adipic  acids,  most  of  them  being  of  an  oily 
consistence,  and  the  higher  members  of  the  serieB  solid  fats.  The  follow- 
ing is  a  list  of  the  known  acids  of  the  series,  together  with  their  melting 
and  boiling  points. 


Name. 

Formula. 

Melting  point. 

Boiling  point. 

Formic  add  . 

crLOj 

+1°  C.      (34°  F.) 
+17°  "        («2°  "  ) 

100°  C.    (212©  F.) 

Acetic  acid 

MA 

117°  "     (242°  -  ) 

Propionic  acid 

M 

—            __ 

141°  -     (280°  a  ) 

Butyric  acid     . 

c4n(!Oj 

below  —20°  C.  (-4°  F.) 

161°  "     (322°  M  ) 

Yaleric  acid  . 

r  M|.'j.- 

—            _ 

175°  "     (347°  M  ) 

Gaproic  acid     .        • 

rrjl;,o. 

+S°a       (41°  F.) 

198°  H     (889°  «•  ) 

(Bnaatnjrlic  acid  . 

CtNiVN 

—              _ 

212°  «     (414°  M  ) 

Caprylic  acid    .        •       • 
Pdargonic  acid    .        • 

JV"m«i 

+14°  C.       (57°  F.l 

236°  «     (467°  "  ) 

g|LA 

whA 

+18°  "  r     (64°  « 

260°  «     (600°  "  ) 

Ruttc  or  Oapric  acid 

+30°  «        (80° »« 

_           _ 

Laoricacid   . 

CttHwOj 

+43-6°  M       (HOP" 

Mjriatic  acid    . 

fW*, 

63-8°  a       (129°  " 

Palmitic  acid 

Cull^ 

S2°  -       (144°  "  { 

Margaricacid  . 

C1TH*0, 

59-9°  «  r     (140°  « 

, 

8tearic  acid  . 

C„ll^i, 

09-2°  a        (157°  M 
75°  «       (Kffo  « 

Arachidic  acid 

c*jf„o, 

Bcheoicacid 

C*«««i3 

7S°  "       (169°  " 

i 

Carotieacid      . 

StihA 

780...       >172o .. 

Meiieaic  acid 

C^tl^O* 

88®  **       (190°  " 

» 

These  acids  may  be  represented  on  the  marsh-gas  type  and  on  the  water- 
type  by  the  following  formulae : 
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Type. 

Acid. 

C 

H 
H 
H 
H 

C^   0                 or          1 
(  OH                    0=C-OH 

Marsh-gas. 

Water  .  .  g  }  0  or  HOH  (C*Hi— »£)'  }  O  or  (C^H^OJ'OH. 

If  in  either  of  these  formulae  we  make  n  successively  equal  to  1,  2,  8,  &e.y 
we  get  the  formula  of  formic,  acetic,  propionic,  &c.  acid;  thus: 

fH  fCH,  fC,Hs  rC,HT  fC4H§ 

cJo"       c\o"         c^o"        cJo"        cJo" 

(OH  (OH  (OH  (OH  (OH 

Formic.  Acetic.  Propionic.        Butyric         Valeric. 

The  acid  radicals  CnH„_iO,  in  the  water- type  formulas,  may  bo  regarded 
as  compounds  of  carbonyl  with  alcohol  radicals,  CnH^^O  =  CO(CB_iHJB_1), 
and  accordingly  the  several  acids  may  be  represented  as  follows : 

C0HJ0  CO(CH,)}0  CO(C,H,)J04o 

Formic.  Acetic.  Propionic 

All  the  acids  of  the  series  containing  more  than  three  carbon-atoms  admit 
of  isomeric  modifications,  according  to  the  constitution  of  the  alcohol-radi- 
cal which  they  contain :  butyric  acid,  CsH8Or  for  example,  may  exhibit  the 
following  modifications : 

Normal  butyric  acid.  Isobutyrio  acid. 


CH, 

I  H,C  CH. 

CH,CH,CHS  CH,  CHfCHg),  V 

I  or         |  I  or        CH 

0=C— OH  CH,        0=C— OH 


0=C-OH 


0=C— 0 


H 


But  none  of  these  acids  can  exhibit  modifications  analogous  to  the  second- 
ary and  tertiary  alcohols :  beoause  in  them  the  carbon-atom  which  is  asso- 
ciated with  hydroxyl  has  two  of  its  other  units  of  equivalence  satisfied  by 
an  atom  of  bivalent  oxygen,  and  therefore  cannot  unite  directly  with  more 
than  one  other  atom  of  carbon.  Accordingly,  it  is  found  that  the  second- 
ary and  tertiary  alcohols  are  not  converted  by  oxidation  into  acids  contain- 
ing the  same  number  of  carbon-atoms  as  themselves. 

Occurrence.  —  Most  of  the  fatty  acids  are  found  in  the  bodies  of  plants  or 
animals,  some  in  the  free  state :  formic  acid  in  ants  and  nettles :  valeric 
acid  in  valerian  root ;  pelargonio  acid  in  the  essential  oil  of  Pelargonium 
roteum ;  and  cerotic  acid  in  bees'-wax.  Others  occur  as  ethereal  salts  of 
monatomic  or  polyatomic  alcohols:  as  oetyl  palm  it  ate  in  spermaceti;  ceryl 
cerotate  in  Chinese  wax;  glyceric  butyrate,  palmitate,  stearate,  &c,  in 
natural  fats. 

Formation.  —  1.  By  oxidation  of  the  primary  alcohols  of  the  methyl  series, 
as  by  exposure  to  the  air  in  contact  with  platinum  black,  or  by  heating  with 
aqueous  chromic  acid.  — 2.  By  the  oxidation  of  aldehydes.  In  this  case  an 
atom  of  oxygen  is  simply  added;  e.  y.,  C,H40  (aldehyde)  +  0  =  C,H40, 
(acetic  acid). 

8.  By  the  action  of  carbon  dioxide  on  the  potassium  or  sodium  compound 
of  an  alcohol-radical  of  the  methyl  series ;  thus, 
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CHS 

CO, 

+            CHsNa 

""            COONa 

Carbon 

Sodium 

Sodium 

dioxide. 

methide. 

acetate. 

4.  By  the  action 

t  of  alkalies  or  acids  < 

on  the  cyanides  of  the  alcohol- 

diesis;  C^H^-f^: 

thus, 

CJW, 

GA.+, 

u  + 

KOH        +        OH, 

""         COOK 

NHS 

Alcoholic        Potassium            Water. 

Potassium-salt 

Ammo- 

cyanide.          hydrate. 

of  fatty  acid. 

nia. 

CaH^+l 

l  + 

Ha         +        20H, 

*         COOH 

NH4C1 

Alcoholic      Hydrochloric          Water. 

Potassium      Ammonium 

cyanide. 

acid. 

salt. 

chloride. 

In  this  manner  the  cyanide  of  each  alcohol-radical  yields  the  potassium 
salt  of  the  acid  next  higher  in  the  series,  that  is,  containing  one  atom  of 
carbon  more;  methyl  cyanide,  for  example,  yielding  acetic  acid,  ethyl 
cyanide,  yielding  propionic  acid,  &o. ;  thus, 

CH.  CHS 

L       +      K°H      +      °H'      -      AOOK   +      NH' 

Methyl  Potassium 

cyanide.  acetate. 

6.  By  the  action  of  water  on  the  corresponding  acid  chlorides ;  e.  g.t 

C,HfOCl        +        HOH        =        HC1        +        C,HfO(Om 
Acetyl  Acetic  acid, 

chloride. 

Now,  these  acid  chlorides  can  be  produced,  in  some  instances  at  least,  by 
the  action  of  carbonyl  chloride  (phosgene  gas)  on  thecorresponding  par- 
affins ;  *  thus, 

CH4  +        COC1,        as        Ha        +        C,H,OCl 

Methane.  Carbonyl  Acetyl 

chloride.  chloride. 

C«H.«        +        COC1,        _-        HC1       +        C.H9OCl 

Quartane.  Carbonyl  Valeryl 

chloride.  chloride. 

By  these  combined  reactions,  therefore,  the  paraffins  may  be  converted 
into  the  corresponding  fatty  acids. 

6.  By  the  following  reaction,  the  fatty  acids  may  be  built  up  one  from 
the  other,  starting  from  acetic  acid.f    Ethyl  acetate,  treated  with  sodium, 
gives  up  one  atom  of  radical  hydrogen  in  exchange  for  that  metal: 
CH,  CH,Na 

COOC,H8  **        ""  COOC,H6  * 

Bthyl  Monosodio 

acetate.  ethyl  acetate. 

*  HctrttiU-HarwU&y,  Ann.  Ch.  Phatm.  oxxxtI.  121. 

f  Frankland  tnd  Duflpa,  Proceed.  Roy.  8oc,  sir.  196, 458;  xr.  37, 
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By  acting  on  this  body  with  the  iodide  of  a  radical,  CmHtlrf-lt  ethylie 
ethers  of  the  higher  aoida  may  be  produced ;  thus, 

CHJia  CH-CH, 

I  +  CH.I        s        Nal        +         1 

COOC.H.  COOC.H, 

Monosodic  Methyl  Ethyl 

ethyl  acetate.  iodide.  propionate. 

If  ethyl  iodide  were  used  instead  of  methyl  iodide,  the  product  would  be 
ethyl  butyrate,  C4HT0,C,Hs.  It  has  not  been  found  possible  to  produce,  by 
this  reaction,  the  higher  acids  of  the  series  from  formic  acid. 

The  six  modes  of  formation  above  given  are  general,  or  capable  of  being 
made  so.  There  are  also  special  methods  of  producing  particular  acids  of 
the  series,  but  in  most  of  these  caeeB  the  reactions  cannot  be  distinctly 
traced ;  thus  formic,  acetic,  propionic,  butyric,  and  valeric  acids  are  pro- 
duced by  the  oxidation  of  albumin,  fibrin,  casein,  gelatin,  and  other  similar 
substances :  propionic  and  butyric  acids  in  certain  kinds  of  fermentation  ; 
acetic  acid  by  the  destructive  distillation  of  wood  and  other  vegetable 
substances. 

Properties. — Most  of  the  fatty  acids  are,  at  ordinary  temperatures,  trans- 
parent and  colorless  liquids ;  formic  and  acetic  acids  are  watery ;  propionic 
acid  and  the  higher  acids,  up  to  pelargonio  acid,  are  oily ;  rutic  acid  and 
those  above  it  are  solid  at  ordinary  temperatures,  most  of  them  being  crys- 
talline fats ;  cerotio  and  melissio  acids  are  of  waxy  consistence.  By  in- 
specting the  table  on  page  597,  it  will  be  seen  that  the  boiling  points  of 
these  acids  differ,  for  the  most  part,  by  24°  C.  143°  F. )  for  each  addition  of 
CHr  There  are,  however,  a  few  exceptions  to  this  rule,  some  of  which  may 
arise  from  the  existence  of  isomeric  modifications.  The  boiling  points  of 
formic  and  acetic  acids,  however,  which  cannot  exhibit  any  such  modifi- 
cations, differ  by  only  17°  C.  (80°  F.). 


Reaction*.  —  1.  When  the  fatty  acids  are  submitted  to  the  action  of 
cent  oxygen  evolved  by  electrolysis,  the  oxatyl  (COOH)  contained  in  them, 
is  resolved  into  water  and  carbon  dioxide,  ana  the  alcohol  radical  is  set 
free;  thus, 

C4Hg  C4H§ 

21  +        O       =        OH,        +        2CO,        +         [ 

COOH  C4Hf 

Valeric  acid.  DiquartyL 

2.  When  the  ammonium  salt  of  either  of  these  acids  is  heated  with  phas> 
photic  oxide,  it  gives  up  water  and  is  converted  into  the  cyanide  of  the 
alcohol-radical  next  below  it,  e.  a.t 

CH.  CHf 

I  _  20H,  «  I 

COONH4  CN 

Ammonium  Methyl 

acetate.  cyanide. 

This  reaction  is  the  converse  of  the  fourth  mode  of  formation  above 
given. 

8.  By  distilling  the  potassium  salt  of  a  fatty  acid  with  an  equivalent 
quantity  of  potassium  formate,  the  corresponding  aldehyde  is  obtained: 

C0°K*}0       +       C°k}0    ■=    CO(CHs)H    +    COgK,; 

Potassium  Potassium  Aldehyde.         Potassium 

acetate*  formate.  carbonate. 
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mnd  the  aldehyde,  treated  with  nascent  hydrogen,  is  converted  into  a  pri- 
mary alcohol : 

CHS  CH, 

I  +  H,  =  I 

COH  CH,OH 

Aldehyde.  Alcohol. 

4.  By  subjecting  the  barium  or  calcium  salt  of  a  fatty  acid  to  dry  distil- 
lation, a  similar  decomposition  takes  place,  resulting  in  the  formation  of  a 
ketone: 

(COCHj),J0j      ^       00(011,),       +       C0yC»"; 

Calcium  Acetone.  Calcium 

acetate.  carbonate. 

and  the  ketone,  treated  with  nascent  hydrogen,  yields  a  secondary  alcohol: 

Cfi|  HgC  C£u 

I  +  Hf  a  V 

COCHs  CHOH 

Acetone.  Secondary 

propyl  alcohol. 

By  these  reactions,  the  fatty  acids  may  be  converted  into  alcohols. 
6.  The  fatty  acids,  heated  with  alcohols  in  sealed  tubes,  yield  compound 
ethers,  or  ethereal  Make,  water  being  eliminated : 


CJELO(OH)    +     HOCA    = 
Butyric                  Ethyl 

=    OH.    +    C4H.O(OC.Hs) 

Ethyl 

acid.                 alcohol. 

butyrate. 

The  conversion,  however,  is  never  complete,  a  portion,  both  of  the  acid 
and  of  the  alcohol,  remaining  unaltered  in  whatever  proportion  they  may 
be  mixed. 

The  ethereal  salts  of  the  fatty  acids  are,  for  the  most  part,  more  easily 
obtained  by  acting  upon  the  alcohol  with  an  acid  chloride,  or  by  passing 
hydrochloric  acid  gas  into  a  solution  of  the  fatty  acid  in  the  alcohol : 

C4HTOCl    +    HOC,Hs    =    HC1    +    C4HT0(OC,Hs) 
Butyric  Ethyl  Ethyl 

chloride.  alcohol.  butyrate. 

Another  method  very  commonly  adopted  is,  to  distil  a  potassium  salt  of  the 
fatty  acid  with  a  mixture  of  the  alcohol  and  strong  sulphuric  acid.  In 
this  case  an  acid  sulphuric  ether  is  first  formed  (as  ethyl-sulphuric  acid 
from  ethyl  alcohol,  p.  527),  and  this  acts  upon  the  salt  of  the  fatty  acid  in 
the  manner  illustrated  by  the  equation : 

80x(OH)(OCtHs)   +  C4H70(OK)   =   C4HT0(0CtHs)  +   SO,(OH)(OK) 
Ethyl-sulphuric  Potassium  Ethyl  Acid  potassium 

acid.  butyrate.  butyrate.  sulphate. 

^  The  ethereal  salts  of  the  fatty  acids  are  either  volatile,  oily,  or  syrupy 
liqolds,  or  crystalline  solids,  for  the  most  part  insoluble  in  water,  but  sol- 
uble in  alcohol  and  in  ether.  When  distilled  with  potash  or  soda,  they  take 
up  water  and  are  saponified,  that  is  to  say  resolved  into  the  alcohol  and 
acid ;  e.  g.t 

V&>fl(OC&%)  +    HOH    =    C.H70(OH)  +    C,H.(OH) 
Ethyl                 Water.              Butyric  Ethyl 

butyrate.  acid.  alcohol. 
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•  6.  The  fatty  acids  are  strongly  acted  upon  by  the  chlorides,  bromide*, 
oxychloridtt,  and  oxybromides  of  phosphorus,  yielding  acid  chlorides  and  bro- 
mides, the  phosphorus  being  at  the  same  time  converted  into  phosphorous 
or  phosphoric  acid ;  thus, 

8C,H,0(OH)        +        PCI,        =        PO,Ht        +        ZCJLfiCl 
Acetic  acid.  Phosphorus  Phosphorus  Acetic 

trichloride.  acid.  chloride. 

8C,HaO(OH)        +        PC1,0       =       PO«H,        +        8C,H,OCI 
Acetic  acid.  Phosphorus        Phosphoric  Acetic 

oxybromide.  acid.  chloride. 

C,H,0(OH)      +      PC18      =       PC1.0      +      HC1    +    C,HsOCI 
Acetic  acio.        Phosphorus     Phosphoric        Hydro-  Acetic 

pentachloride.  oxychloride.  chloric  acid,    chloride. 

These  acid  chlorides  are,  for  the  most  part,  oily  liquids,  having  a  pun- 
gent acid  odor ;  they  are  easily  decomposed  by  water,  yielding  the  fatty 
acid  and  hydrochloric  acid.  This  decomposition  takes  place  also  when 
they  are  exposed  to  the  air :  hence  they  emit  dense  acid  fumes.  They 
react  in  an  exactly  similar  manner  with  alcohols,  as  above  mentioned, 
yielding  hydrochloric  acid  and  a  compound  ether. 

7.  The  chlorides  of  the  acid  radicals,  Cn  Hto_,0,  act  violently  on  ammonia, 
forming  ammonium  chloride,  and  the  amide  corresponding  to  the  acid  from 
which  they  are  derived ;  e.  g.9 

C,H,OCl      +      2NHS      =      NH4Cl      +      NHt(C,H,0) 
Acetic  Ammonia.       Ammonium  Acetamide. 

chloride.  chloride. 

8.  The  acid  chlorides,  distilled  with  a  metallic  salt  of  the  corresponding 
acid,  yield  a  metallic  chl6ride  and  the  oxide  or  anhydride  corresponding  to 
the  acid :  thus, 

C,H,OCl      +      C,HsO(OK)      s      KCl      +      (C,H,0),0 
Acetic  Potassium  Acetic 

chloride.  acetate.  oxide. 

In  like  manner,  when  distilled  with  the  potassium  salt  of  another  mon- 
atomic  acid,  they  yield  oxides  or  anhydrides  containing  two  monatomic  acid 
radicals ;  e.  g.f 

C.H.OC1      +      C,H,O(0K)      =      KCl      +      %h|o}° 

Acetic  Potassium  Aceto-ben- 

chloride.  benzoate.  soie  oxide. 

The  oxides  of  the  fatty  acid  radicals  may  also  be  prepared  by  heating  a 
dry  lead-salt  of  the  acid,  in  a  sealed  tube,  with  carbon  bisulphide  ;  e.  y.t 

2Pb{oC*HS0    +    C8»    ™     2PbS    +    C0«    +    2(C*H*°)*° 
Lead  acetate.  Acetic 

oxide. 

The  oxides  of  the  fatty  acid  radicals  are  gradually  decomposed  by  water, 
quickly  when  heated,  yielding  two  molecules  of  the  corresponding  acid : 

(C,H,0),0        +        OH,        =        2C,H,0(OH) 

Those  containing  two  acid  radicals  yield  one  molecule  of  each  of  the 
corresponding  aoUb* 
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In  contact  with  alcoholic  oxides  (oxygen  ethers),  the  acid  oxides  are  con- 
rerted  into  ethereal  salts : 

(C,H,0),0        +        (C,H,)*0        ^        2C,H,0(0C,H,) 
AceUc  oxide.  Ethyl  oxide.  Ethyl  acetate. 

With  alcohols,  in  like  manner,  they  yield  a  mixture  of  a  compound  ether 
with  the  acid: 

(C,H,0),0    -f    C,H,(OH)    =    0,11,0(00,11,)     +     C.H^OH} 
Acetic  oxide.       Ethyl  alcohoL        Ethyl  acetate.  Acetic  acia. 

The  acid  oxides  are  decomposed  by  ammonia  gat,  yielding  a  mixture  of 
an  ammonium-salt  with  an  amide : 

(C,H,0),0    +    2NHf    =    CtH90(ONHJ     +    NH,C,H.0 
Acetic  Ammonia.        Ammonium  Acetamide. 

oxide.  acetate. 

9.  The  fatty  acids,  subjected  to  the  action  of  chlorine  or  bromine,  give  off 
hydrochloric  or  hydrobromic  acid,  and  are  converted  into  substitution-com- 

Soands  containing  one  or  more  atoms  of  chlorine  or  bromine  in  place  of 
ydrogen ;  but  it  is  only  the  hydrogen  within  the  radical  that  can  be  thus 
exchanged,  the  typic  hydrogen  remaining  unaltered,  so  that  the  number 
of  chlorine  or  bromine-atoms  introduced  in  place  of  hydrogen  is  always 
leas  by  at  least  one  than  the  number  of  hydrogen-atoms  in  the  acid : 

C,H,0(OH)      +      01,     =      HC1      +      C.H,C10(0H) 
Acetic  acid.  Ohloracetic  acid. 

C,H,0(0H)      +      801,    =      8HC1    +  C,C1,0(0H) 

Acetic  acid.  Trichloracetic 

acid. 

The  iodaled  acids  of  the  same  series  (or  rather  their  ethereal  salts)  are 
obtained  by  heating  the  corresponding  bromine-compounds  with  potassium 
iodide: 

C,H,BrO(OC,H^     +    KI    =     KBr    +    C.HtIO(OC,H6) ; 
Ethyl  brom-  Etnyl-iodacetate. 

acetate. 

and  the  ethers  treated  with  potash  yield  potassium  salts  of  the  iodated 
acids,  from  which  the  acids  may  be  obtained  by  decomposition  with  sulphu- 
ric acid. 

The  chlorinated  and  brominated  fatty  acids,  boiled  with  water  and  silver 
oxide,  exchange  the  whole  of  their  chlorine  or  bromine  for  an  equivalent 
quantity  of  hydroxy  1,  producing  new  acids,  which  differ  from  the  primi- 
tive acids  by  a  number  of  atoms  of  oxygen  equal  to  the  number  of  atoms 
of  chlorine  or  bromine  present ;  e.g., 

2C,H,BrO,    +    Ag,0    +    H,0    =    2AgBr    +    2C,H40, 

Bromacetic  Glycollio 

acid.  acid. 

C4H,Br,0,    +    Ag,0    -f     H,0    +    2AgBr    +    C4H804, 
Dibromo-  Dioxy-bu- 

butyric  acid.  tyric  acid. 

Dichloracetic  and  trichloracetic  acid  are  not  sufficiently  stable  to  exhibit 
this  transformation,  their  molecules  splitting  up  altogether  when  boiled 
with  silver  oxide. 

The  monochlorinated  and  monobrominated  acids,  subjected  to  the  action 
of  an  alcoholic  solution  of  ammonia  gas,  yield  ammonium  chloride  and  a  new 
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acid,  in  which  the  chlorine  or  bromine  is  replaced  by  amidogen.  Thnj 
monochloracetic  acid  yields  amidaeetie  acid,  or  glycodne : 

C.HSC10,    +    2NH,   =    NH4C1    +    C.Hf(NH,)0, 
Chloraceuo  Amidaeetie 

acid.  acid. 

There  is  another  way  of  viewing  these  amidated  acids  which  will  be  con- 
sidered hereafter. 

{H         H 
O"  =  I  .—This  acid  occurs  in 

the  concentrated  Btate  in  the  bodies  of  ants,  in  the  hairs  and  other  parts 
of  certain  caterpillars,  and  in  stinging  nettles.  It  may  be  produced  by  the 
first,  second,  and  fourth  of  the  above-mentioned  general  methods  of  form- 
ing the  fatty  acids — til,  by  the  slow  oxidation  of  methyl  alcohol,  or  of 
formic  aldehyde,  in  contact  with  platinum  black,  and  as  a  potassium  salt 
by  heating  hydrocyanic  acid  (hydrogen  cyanide)  with  an  alcoholic  solution 
of  potash ; 

HCN    +    KOH    -f    OH,    s    NHf    +    CHO(OK) 
Hydrogen  Potassium 

cyanide.  formate. 

It  is  also  produced  by  certain  special  reactions — vii :  a.  By  passing  car- 
bon monoxide  over  moist  potassium  hydrate,  the  gas  being  thereby  ab- 
sorbed, and  producing  potassium  formate : 

CO        +        HOK        a        COH(OK) 

The  absorption  of  the  gas  is  accelerated  by  the  presence  of  a  considerable 
quantity  of  water,  and  still  more  by  alcohol  or  ether. 

fi.  By  distilling  dry  oxalic  acid  mixed  with  sand  or  pumice-stone,  or 
better  with  glycerin : 

C,H.04        =        CO,        +        CH,0, 

Oxalic  Carbon  Formic 

acid.  dioxide.  acid. 

The  distillation  of  oxalic  acid  with  glycerine  is  a  very  advantageous 
mode  of  preparing  formic  acid.  The  glycerine  takes  no  part  in  the  decom- 
position, but  appears  to  act  by  preventing  the  temperature  from  rising  too 
high :  when  oxalic  acid  is  distilled  alone  or  with  sand,  the  greater  part  of 
the  formic  acid  produced  is  resolved  into  water  and  carbon  monoxide. 

y.  By  passing  carbon  dioxide  and  water-vapor  over  potassium  at  a  mod- 
erate heat,  acid  potassium  carbonate  being  formed  at  the  same  time : 

K,    +    2CO,    -f-    OH,   =    CO.KH    +    CH0,K 
Acid  car-        Formate, 
bonate. 

J.  By  the  oxidation  of  sugar,  starch,  gum,  and  organic  substances  in 
general.  A  convenient  mode  of  preparation  is  the  following:  1  part  of 
Bugar,  8  parts  of  manganese  dioxide,  and  2  parts  of  water,  are  mixed  in  a 
very  capacious  retort,  or  large  metal  still ;  3  parts  of  oil  of  vitriol,  diluted 
with  an  equal  weight  of  water,  are  then  added,  and  when  the  first  violent 
effervescence  from  the  disengagement  of  carbon  dioxide  has  subsided,  heat 
is  cautiously  applied,  and  a  considerable  quantity  of  liquid  distilled  over. 
This  is  very  impure :  it  contains  a  volatile  oily  matter,  and  some  substance 
which  communicates  a  pungency  not  proper  to  formic  acid  in  that  dilute 
state.    The  acid  ^^m^J^mWtk^f^  *****  Mdilun  carbonate,  and  the  re- 
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salting  formate  purified  by  crystallization,  and,  if  needful,  by  animal  char- 
coal. From  this,  or  any  other  of  its  salts,  solution  of  formic  acid  may  be 
readily  obtained  by  distillation  with  dilute  sulphuric  acid. 

To  obtain  the  acid  in  its  most  concentrated  state,  the  dilute  acid  is  satu- 
rated with  lead  oxide,  the  liquid  is  evaporated  to  complete  dryness,  and 
the  dried  lead  formate,  reduced  to  fine  powder,  is  very  gently  heated  in  a 
glass  tube  connected  with  a  condensing  apparatus,  through  which  a  cur- 
rent of  dry  sulphuretted  hydrogen  gas  is  transmitted.  It  forms  a  clear, 
colorless  liquid,  which  fumes  slightly  in  the  air,  has  an  exceedingly  pene- 
trating odor,  boils  at  98*3°  C.  (210°  F.),  and  crystallizes  in  large  brilliant 
plates  when  cooled  below  0°.  The  specific  gravity  of  the  acid  is  1  -285 ;  it 
mixes  with  water  in  all  proportions:  the  vapor  is  inflammable,  and  burns 
with  a  blue  flame.  Concentrated  formic  acid  is  extremely  corrosive,  at- 
tacking the  skin,  and  forming  a  blister  or  an  ulcer,  painful  and  difficult  to 
heal. 

Formic  acid  mixes  with  water  in  all  proportions.  The  aqueous  acid  has 
an  odor  and  taste  much  resembling  those  of  acetic  acid :  it  reddens  litmus 
strongly,  and  decomposes  alkaline  carbonates  with  effervescence.  Formic 
acid  likewise  dissolves  readily  in  alcohol,  being  partly  converted  into  ethyl 
formate. 

Formic  acid  is  a  powerful  reducing  agent.  It  may  be  readily  distin- 
guished from  acetic  acid  by  heating  it  with  solution  of  silver  nitrate;  the 
metal  is  thus  reduced,  sometimes  in  the  pulverulent  state,  sometimes  as  a 
specular  coating  on  the  glass  tube,  and  carbon  dioxide  is  evolved.  Mer- 
curic chloride  is  reduced  by  formic  acid  to  calomel.  Formic  acid  heated 
with  oil  of  vitriol  splits  up  into  water  and  carbon  monoxide,  CHaO,r=OH, 
-fCO. 

Chlorine  converts  it  into  hydrochloric  acid  and  carbon  dioxide : 

CH,Oa        +        CI,        =        2HC1        +        CO, 

Formic  acid  heated  with  strong  bases  is  converted  into  oxalic  acid,  with 
disengagement  of  hydrogen : 

2CH,0,    +    BaO    =    C,Ba04    +    H,    +    OHr 
Formic         Baryta.         Barium 
acid.  oxalate. 

Formates.  —  The  composition  of  these  salts  is  expressed  by  the  formulas, 
CHO,M,  (CHO,),M",  (CHO,)iM///,  &c,  according  to  the  equivalent  value 
of  the  metal  or  other  positive  radical  contained  in  them.  They  are  all 
soluble  in  water :  their  solutions  form  dark-red  mixtures  with  ferric  salts. 
When  distilled  with  strong  sulphuric  acid  they  give  off  acid  carbon  monox- 
ide, and  leave  a  residue  of  sulphate.  The  formates  of  the  alkali-metals 
heated  with  the  corresponding  salts  of  other  fatty  acids,  yield  a  carbonate 
and  an  aldehyde  (p.  60M. 

Sodium  formate  crystallizes  in  rhombic  prisms  containing  CHO,Na.  Aq.  It 
reduces  many  metallic  oxides  when  fused  with  them.  Potassium  formate, 
CHO,K,  is  difficult  to  crystallize,  on  account  of  its  great  solubility.  Ammo- 
nium formaU  crystallizes  in  square  prisms:  it  is  very  soluble,  and  is  decom- 
posed at  high  temperatures  into  hydrocyanic  acid  and  water,  the  elements 
of  which  it  contains:  CHO^H4=20H,-f  CNH.  The  formates  of  barium, 
strontium,  calcium,  and  magnesium  form  small  prismatic,  easily  soluble 
crystals.  Lead  formate  crystallizes  in  small,  diverging,  colorless  needles, 
which  require  for  solution  40  parts  of  cold  water.  The  manganous,  ferrous, 
zinc,  nickel,  and  cobalt  formates  are  also  cry  stallizable.  Cupric  formate  is  very 
beautiful,  constituting  bright-blue  rhombic  prisms  of  considerable  magni- 
tude. Silver  formate  is  white,  but  slightly  soluble,  and  decomposed  by  the 
least  elevation  of  temperature. 
51* 
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Methyl  format*,  CHOICE*  isomeric  with  acetic  acid,  is  prepared  by  heat- 
ing in  a  retort  equal  weignts  of  neutral  methyl  sulphate  and  sodium  for- 
mate. It  is  a  very  volatile  liquid,  lighter  than  water,  boiling  between 
36°  and  88°. 

Ethyl  formate,  CHOsCtH.,  isomeric  with  methyl  acetate  and  propionic  acid 
(p.  476),  is  prepared  by  distilling  a  mixture  of  7  parts  of  dry  sodium  for- 
mate, 10  of  oil  of  vitriol,  and  6  of  strong  alcohol.  The  formic  ether, 
separated  by  the  addition  of  water  to  the  distilled  product,  is  agitated  with 
a  little  magnesia,  and  left  for  several  days  in  contact  with  calcium  chloride. 
Ethyl  formate  is  colorless,  has  an  aromatic  odor,  a  density  of  0*915,  and 
boils  at  56°  C.  (133°  F.).     Water  dissolves  it  to  a  small  extent. 


Aoetio  Acid,  CsH4Ot  ==  C,HsO(OH)y  or  COCHs(OH)  =  C 


r  CHS       CHf 
(OH  ~~  cooh' 


This  acid  is  found  in  small  quantities  in  the  juices  of  plants  and  in  animal 
fluids.  It  may  be  produced  by  either  of  the  first  five  general  methods  of 
formation  given  on  pages  598,  599,  and  in  particular  by  the  slow  oxidation 
of  alcohol.  When  spirit  of  wine  is  dropped  upon  platinum  black,  the 
oxygen  condensed  in  the  pores  of  the  latter  reacts  so  powerfully  upon-  the 
alcohol  as  to  cause  its  instant  inflammation.  When  the  spirit  is  mixed  with 
a  little  water,  and  slowly  dropped  upon  the  finely  divided  metal,  oxidation 
still  takes  place,  but  with  less  energy,  and  vapor  of  acetic  acid  is  abun- 
dantly evolved.  In  all  these  modes  of  formation,  the  acetic  acid  is  ultimately 
producible  from  inorganic  materials.  It  is  also  formed  by  the  action  of 
nascent  hydrogen  on  trichloracetic  acid,  which  may  itself  be  produced  from 
inorganic  materials.  Lastly,  acetic  acid  is  obtained,  together  with  many 
other  products,  in  the  destructive  distillation  of  wood  and  other  vegetable 
substances. 

Preparation. — 1.  Dilute  alcohol,  mixed  with  a  little  yeast,  or  almost  any 
asotized  organio  matter  susceptible  of  putrefaction,  and  exposed  to  the  air, 
speedily  becomes  oxidixed  to  acetic  acid.  Acetic  acid  is  thus  manufactured 
in  Germany,  by  suffering  such  a  mixture  to  flow  over  wood-shavings  steeped 
in  a  little  vinegar,  contained  in  a  large  cylindrical  vessel  through  which  a 
current  of  air  is  made  to  pass.  The  greatly  extended  surface  of  the  liquid 
expedites  the  change,  which  is  completed  in  a  few  hours.  No  carbonic  acid 
is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification  in  a 
partially  filled  cask  to  which  the  air  has  access.  Vinegar  is  first  introduced 
into  the  empty  vessel,  and  a  quantity  of  wine  added ;  after  some  days,  a 
second  portion  of  wine  is  poured  in,  and  after  similar  intervals,  a  third  and 
a  fourth.  When  the  whole  has  become  vinegar,  a  quantity  is  drawn  off 
equal  to  that  of  the  wine  employed,  and  the  process  is  recommenced.  The 
temperature  of  the  building  is  kept  up  to  80°  C.  (86°  F.V  Such  is  the  plan 
adopted  at  Orleans.*  In  England,  vinegar  is  prepared  from  a  kind  of  beer 
made  for  the  purpose.  The  liquor  is  exposed  to  the  air  in  half  empty 
casks,  loosely  stopped,  until  acidification  is  complete.  Frequently  a  little 
sulphuric  acid  is  afterwards  added,  with  the  view  of  checking  further 
decomposition,  or  mothering,  by  which  the  product  would  be  spoiled. 

When  dry,  hard  wood,  as  oak  and  beech,  is  subjected  to  destructive  dis- 
tillation at  a  red  heat,  acetio  acid  is  found  among  the  liquid  condensable 
products  of  the  operation.  The  distillation  is  conducted  in  an  iron  cylinder 
of  large  dimensions,  to  which  a  worm  or  condenser  is  attached;  a  sour 
watery  liquid,  a  quantity  of  tar,  and  much  inflammable  gas  pass  over, 
while  charcoal  of  excellent  quality  remains  in  the  retort.  The  acid  liquid 
is  subjected  to  distillation,  the  first  portion  being  collected  apart  for  the 

*  Dmwuu,  Obinto  appUguft  aux  Arts,  vi  637. 


ACETIC  ACID.  607 

preparation  of  wood-spirit.  The  remainder  is  saturated  with  lime,  concen- 
trated by  evaporation,  and  mixed  with  the  solution  of  sodium  sulphate; 
calcium  sulphate  is  thereby  precipitated,  while  the  acetic  acid  is  transferred 
to  the  soda.  The  filtered  solution  is  evaporated  to  its  crystallizing  point ; 
and  the  crystals  are  drained  as  much  as  possible  from  the  dark,  tarry 
mother-liquor,  and  deprived  by  heat  of  their  combined  water.  The  dry  salt 
is  then  cautiously  fused,  by  which  the  last  portions  of  tar  are  decomposed 
or  expelled :  it  is  then  re-dissolved  in  water,  and  re-crystallized.  Pure 
sodium  acetate,  thus  obtained,  readily  yields  acetic  acid  by  distillation  with 
sulphuric  acid. 

The  strongest  acetic  acid  is  prepared  by  distilling  finely  powdered  anhy- 
drous sodium  acetate  with  three  times  its  weight  of  concentrated  oil  of 
vitriol.  The  liquid  is  purified  by  rectification  from  Bodium  sulphate  acci- 
dentally thrown  up,  and  exposed  to  a  low  temperature.  Crystals  of  pure 
acetic  acid,  C,H A)v  then  form  in  large  quantity :  they  may  be  drained  from 
the  weaker  fluid  portion,  and  suffered  to  melt.  Below  15*5°  C.  (60°  F.) 
this  substance,  often  called  glacial  acetic  acid,  forms  large,  colorless,  trans- 
parent crystals,  which  above  that  temperature  fuse  to  a  thin,  colorless 
liquid,  of  exceedingly  pungent  and  well-known  odor :  it  raises  blisters  on 
the  skin.  It  is  miscible  in  all  proportions  with  water,  alcohol,  and  ether, 
and  dissolves  camphor  and  several  resins.  When  diluted  it  has  a  pleasant 
acid  taste.  Glacial  acetic  acid  in  the  liquid  state  has  a  density  of  1*063, 
and  boils  at  120°  C.  (248°  F.).  Its  vapor  is  inflammable,  and  exhibits  the 
variations  of  density  noticed  at  page  461.  At  300°  C.  (572°  F.),  or  above, 
it  is  2-08  compared  with  air,  or  30°  compared  with  hydrogen,  agreeing  ex- 
actly with  the  theoretical  density,  which  is  half  the  molecular  weight ;  but 
at  temperatures  near  the  boiling  point  it  is  considerably  greater,  being  2*90 
at  140°  C.  (284°  F.),  and  3-20  at  126°  C.  (267°  F.)  (referred  to  air). 

Dilate  acetic  acid,  or  distilled  vinegar,  used  in  pnarmacy,  should  always 
be  carefully  examined  for  copper  and  lead ;  these  impurities  are  contracted 
from  the  metallic  vessel  or  condenser  sometimes  employed  in  the  process. 
The  strength  of  any  sample  of  acetic  acid  cannot  be  safely  inferred  from' 
its  density,  but  it  is  easily  determined  by  observing  the  quantity  of  dry 
sodium  carbonate  necessary  to  saturate  a  known  weight  of  the  liquid. 

Acetic  acid  exhibits  all  the  reactions  of  the  fatty  acids  in  general  (pp. 
601-604).  The  acid  itself  does  not  readily  conduct  the  electric  current, 
but  a  solution  of  potassium  acetate  is  decomposed  by  electrolysis,  with  for- 
mation of  dimethyl  or  ethane : 

CH, 

2L^  +  0H*  -  C»H«  +  H«  +  co«  +  c°(°K)» 

COOK 
Potassium  Ethane.  Potassium 

acetate.  carbonate. 

Acetic  acid  is  not  attacked  by  nitric  acid,  but  periodic  acid  converts  it  by 
oxidation  into  formic  acid  and  carbon  dioxide,  being  itself  reduced  to 
iodic  acid  or  even  to  free  iodine : 

C,H40,    -f    0,    =    CH,0,    +    CO,    +    OHr 

Potassium  acetate  distilled  with  arsentous  oxide  gives  off  a  highly  inflam- 
mable and  characteristically  fetid  oil,  consisting  chiefly  of  arsendimethyl 
or  cacodyl,  As,(CHg)4. 

Acetates. — Acetic  acid  forms  a  large  number  of  highly  important  salts, 
represented  by  the  formulae,  CaH,OaM,  (CJHs0.2)aM//,  or  [CaH,01),M///,  ac- 
cording to  the  equivalent  value  of  the  metals  contained  in  them.  Being  a 
monobasic  acid,  it  cannot  form  any  acid  salts  properly  so  called,  that  is  by 
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replacement  of  a  part  of  its  typic  hydrogen  (p.  282) ;  but  the  normal 
acetates  of  the  alkali-metals  can  take  up  a  molecule  of  acetic  acid,  just  as 
they  take  up  water  of  crystallization,  forming  salts  called  acid  acetates  or 
diacetates,  C,H.0SM  .  C,H4Or  There  are  also  basic  acetates  formed  by  the 
union  of  a  molecule  of  a  normal  acetate  with  a  molecule  of  metallic  oxide 
or  hydrate. 

Potassium  Acetates. — The  normal  salt,  C,H,O.K,  crystallizes  with  great 
difficulty :  it  is  generally  met  with  as  a  foliated,  white,  crystalline  mass, 
obtained  by  neutralizing  potassium  carbonate  with  acetic  acid,  evaporating 
to  dryness,  and  heating  the  salt  to  fusion.  It  is  extremely  deliquescent, 
and  soluble  in  water  and  alcohol:  the  solution  is  usually  alkaline  from  a 
little  loss  of  acid  by  the  heat  to  which  it  has  been  subjected.  From  the 
alcoholic  solution,  potassium  carbonate  is  thrown  down  by  a  stream  of  car- 
bon dioxide. 

The  acid  salt,  CjHjOjK  .  C,H40^  is  formed  by  evaporating  a  solution  of 
the  neutral  salt  in  excess  of  acetic  acid,  and  crystallizes  by  slow  evapora- 
tion in  long  flattened  prisms.  It  is  very  deliquescent,  and  decomposes  at 
200°,  giving  off  crystallisable  acetic  acid. 

Sodium  Acetate,  CsHsOsNa .  8  Aq. — The  mode  of  preparation  of  this  salt 
on  the  large  scale  has  been  already  described  :  it  forms  large,  transparent, 
colorless  crystals,  derived  from  a  rhombic  prism,  which  are  easily  ren- 
dered anhydrous  by  heat,  effloresce  in  dry  air,  and  dissolve  in  8  parts  of 
cold,  and  in  an  equal  weight  of  hot  water :  it  is  also  soluble  in  alcohol. 
The  taste  of  this  salt  is  cooling  and  saline.  The  dry  salt  melts  at  288°  C. 
(560°  F.),  and  begins  to  decompose  at  816°  C.  (600°  F.). 

Ammonium  Acetates. — The  neutral  acetate,  CtH.OtNH4,  is  a  white  odor- 
less salt  obtained  by  saturating  glacial  acetic  acid  with  dry  ammonia  gas. 
It  is  very  difficult  to  obtain  in  the  crystalline  form,  for  its  aqueous  solution, 
when  evaporated,  gives  off  ammonia  and  leaves  the  acid  salt.  When  dis- 
tilled with  phosphoric  oxide,  it  loses  2  molecules  of  water,  and  gives  off 
ethenyl  nitrile  or  acetonitrile,  (Cjiy'N  =  C2H90,NH.—  20Ht.  The 
aqueous  solution,  known  in  the  Pharmacopoeia  as  Spiritus  Mindereri,  is  pre- 
pared by  saturating  aqueous  acetic  acid  with  ammonia  or  ammonium  car- 
bonate. 

The  acid  salt,  C,Ht02NH4 .  C,H4Or  is  obtained  as  a  crystalline  sublimate 
by  heating  powdered  eal-ammouiac  with  potassium  or  calcium  acetate, 
ammonia  being  given  off  at  the  same  time;  also  as  a  radiated  crystalline 
mass  by  evaporating  the  aqueous  solution  of  the  neutral  salt. 

The  acetates  of  barium,  strontium,  and  calcium  are  very  soluble,  and  can 
be  procured  in  crystals;  magnesium  acetate  crystallizes  with  difficulty. 

Aluminium  Acetates. — This  salt  is  very  soluble  in  water,  and  dries  up 
in  the  vacuum  of  the  air-pump  to  a  gummy  mass  without  trace  of  crystal- 
lization. If  foreign  salts  are  present,  the  solution  of  the  acetate  becomes 
turbid  on  heating,  from  the  separation  of  a  basic  compound,  which  redis- 
solves  as  the  liquid  cools.  Aluminum  acetate  is  much  employed  in  calico 
printing:  it  is  prepared  by  mixing  solutions  of  lead  acetate  and  alum,  and 
filtering  from  the  insoluble  lead  sulphate.  The  liquid  is  thickened  with 
gum  or  other  suitable  material,  and  with  it  the  design  is  impressed  upon 
the  cloth  by  a  wood-block,  or  by  other  means.  Exposure  to  a  moderate 
degree  of  heat  drives  off  the  acetic  acid,  and  leaves  the  alumina  in  a  state 
capable  of  entering  into  combination  with  the  dye-stuff. 

Some  very  interesting  researches  on  aluminum  acetate  have  been  pub- 
lished by  the  late  Mr.  Walter  Crum.*    The  solution  obtained  by  d  e  compos - 

*  Chera.  Soc.  Quar.  Jour.  vi.  216. 
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ing  aluminum  sulphate,  (S04)sAlg,  with  lead  acetate,  may  be  supposed  to 
contain  neutral  aluminium  acetate,  (C,HS0,),A1///.  This  salt  cannot,  how- 
ever, be  obtained  in  the  dry  state.  It'  the  solution  be  rapidly  evaporated 
at  low  temperatures,  by  being  spread  in  thin  layers  on  glass  or  porcelain, 
a  basic  soluble  acetate  is  obtained,  having  the  composition  4(CsHtOs)sAl///. 
Al,Os .  6  aq. ;  but  if  the  solution  be  left  to  stand,  or  submitted  to  the  action 
of  heat,  insoluble  basic  salts  are  precipitated,  differing  in  composition  from 
the  former  only  by  containing  3  or  8}  molecules  of  water  instead  of  four. 

The  soluble  aluminum  acetate,  when  exposed  in  a  dilute  solution  to  the 
temperature  of  boiling  water  for  several  days,  undergoes  a  very  remarkable 
change,  the  whole,  or  nearly  the  whole,  of  the  acetic  acid  being  expelled 
by  the  action  of  heat,  and  a  peculiar  soluble  modification  of  alumina  (al- 
ready described  under  Aluminium,  p.  335),  remaining  in  solution. 

Manganese  acetate  forms  colorless,  rhombic,  prismatic  crystals,  permanent 
in  the  air.  Ferrous  acetate  crystallizes  in  small,  greenish- white  needles, 
very  prone  to  oxidation ;  both  salts  dissolve  freely  in  water.  Ferric  acetate 
is  a  dark  brownish-red,  uncrystalli  table  liquid,  of  powerful  astringent 
taste.  Cobalt  acetate  forms  a  violet-colored,  crystalline,  deliquescent  mass. 
The  nickel  salt  separates  in  green  crystals,  which  dissolve  in  6  parts  of 
water. 

Lead  Acetates. — The  normal  salt,  (C2H801)^Pb,/.3  aq.,  is  prepared  on  a 
large  scale  by  dissolving  litharge  in  acetic  acid :  it  may  be  obtained  in  col- 
orless, transparent,  prismatic  crystals,  but  is  generally  met  with  in  com- 
merce as  a  confusedly  crystalline  mass,  somewhat  resembling  loaf-sugar. 
From  this  circumstance  and  from  its  sweet  taste,  it  is  often  called  sugar  of 
lead.  The  crystals  are  soluble  in  about  \\  parts  of  cold  water,  effloresce  in 
dry  air,  and  melt  when  gently  heated  in  their  water  of  crystallisation ;  the 
latter  is  easily  driven  off,  and  the  anhydrous  salt  obtained,  which  melts, 
and  afterward  decomposes,  at  a  high  temperature.  Acetate  of  lead  is  sol- 
uble in  alcohol.  The  aqueous  solution  has  an  intensely  sweet,  and  at  the 
same  time  astringent  taste,  and  is  not  precipitated  by  ammonia.  It  is  an 
article  of  great  value  to  the  chemist. 

Basic  Acetates  (Subacetates)  of  Lead. — A  sesquibasic  acetate,  2(CaH80,)2Pb//. 
Pb"0,  is  produced  when  the  neutral  anhydrous  Bait  is  so  far  decomposed 
by  heat  as  to  become  converted  into  a  porous  white  mass,  decomposable 
only  at  a  much  higher  temperature.  It  is  soluble  in  water,  and  separates 
from  the  solution  evaporated  to  a  syrupy  consistence  in  the  form  of  crys- 
talline scales.  A  triplumbic  acetate,  (C3Hs02)2Pb" .  2Pb"0,  is  obtained  by 
digesting  at  a  moderate  heat,  7  parts  of  finely  powdered  litharge,  6  parts 
of  lead  acetate,  and  30  parts  of  water ;  or,  by  mixing  a  cold  saturated  solu- 
tion of  neutral  lead  acetate  with  a  fifth  of  its  volume  of  caustic  ammonia, 
and  leaving  the  whole  some  time  in  a  covered  vessel.  The  salt  separates 
in  minute  needles  containing  one  molecule  of  water.  The  solution  of  basic 
acetate  prepared  by  the  first  method  is  known  in  pharmacy  under  the 
name  of  Goulard  water.  There  is  also  a  sexplumbic  acetate,  (C2H802),Pb" . 
6Pb//0,  formed  by  adding  a  great  excess  of  ammonia  to  a  solution  of  nor- 
mal lead  acetate,  or  by  digesting  the  normal  salt  with  a  large  quantity  of 
oxide.  It  is  a  white,  slightly  crystalline  substance,  insoluble  in  cold,  and 
but  little  soluble  in  boiling  water.  The  solutions  of  the  basic  lead  acetates 
have  a  strong  alkaline  reaction,  and  absorb  carbonic  aoid  with  the  greatest 
avidity,  becoming  turbid  from  precipitation  of  basic  carbonate. 

Cufric  Acetates. — The  normal  acetate.  (C2Hs02)2Cu.aq.,  is  prepared  by 
dissolving  verdigris  in  hot  acetic  acid,  and  leaving  the  filtered  solution  to 
cool.  It  forms  beautiful  dark-green  crystals,  which  dissolve  in  14  parts  of 
cold  and  5  parts  of  boiling  water,  and  are  also  soluble  in  alcohol.    A  sol*- 
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tion  of  this  salt,  mixed  with  sugar  and  heated,  yields  enprio  oxide  in  the 
form  of  minute  red  ootohedral  crystals :  the  residual  copper  solution  is  not 
precipitated  by  an  alkali.  Cupric  acetate  yields,  by  destruotiTe  distilla- 
tion, strong  acetic  acid  containing  acetone  and  contaminated  with  copper. 
The  salt  is  sometimes  called  distiUed  verdigris,  and  is  used  as  a  pigment. 

Basic  Cupric  Acetates, — Common  verdigris,  made  by  spreading  the  maro 
of  grapes  upon  plates  of  copper  exposed  to  the  air  for  several  weeks,  or  by 
substituting,  with  the  same  view,  pieces  of  cloth  dipped  in  crude  acetic  acid, 
is  a  mixture  of  several  basic  cuprio  acetates  which  have  a  green  or  blue 
color.  One  of  these,  2(C,HsO,)sCu" .  CuO .  6  aq.,  is  obtained  by  digesting 
the  powdered  verdigris  in  warm  water,  and  leaving  the  soluble  part  to 
spontaneous  evaporation.  It  forms  a  blue,  crystalline  mass,  but  little  sol- 
uble in  cold  water.  When  boiled,  it  deposits  a  brown  powder,  which  is  a 
subsalt  with  large  excess  of  base.  The  green  insoluble  residue  of  the  ver- 
digris contains  (CtH,Oa),Cu  .  2CuO .  8  aq. ;  it  may  be  formed  by  digesting 
normal  cupric  acetate  with  the  hydrated  oxide.  By  ebullition  with  water 
it  is  resolved  into  normal  acetate  and  the  brown  basic  salt. 

Silvbb  Acetate,  C,HsO,Ag,  is  obtained  by  mixing  potassium  acetate 
with  silver  nitrate,  and  washing  the  precipitate  with  cold  water  to  remove 
the  potassium  nitrate.  It  crystallites  from  a  warm  solution  in  small  color- 
less needles,  which  have  but  little  solubility  in  the  cold. 

Mereurous  acetate  forms  small  scaly  crystals,  which  are  as  feebly  soluble 
as  those  of  acetate  of  silver.     Mercuric  acetate  dissolves  with  facility. 

Methyl  Acetate,  C,HsO,CHr  occurs  in  crude  wood-spirit  It  is  prepared 
by  distilling  2  parts  of  methyl  alcohol  with  1  part  of  glacial  acetic  acid  and 
1  part  of  sulphuric  acid,  or  1  part  of  methyl  alcohol  with  1  part  of  potas- 
sium acetate  and  2  parts  of  sulphuric  acid.  When  purified  by  rectification 
over  caloium  chloride  and  quick-lime,  it  forms  a  colorless  fragrant  liquid 
of  sp.  gr.  0-9662  at  0°,  boiling  at  66°  or  66°  C.  (13l°-183°  F.).  It  dissolves 
in  water,  and  mixes  in  all  proportions  with  alcohol  and  ether. 

Ethyl  Acetate,  CtH.OsCsHs,  may  be  prepared  by  heating  together  in  a 
retort  3  parts  of  potassium  acetate,  3  parts  of  strong  alcohol,  and  2  parts 
of  oil  of  vitriol.  The  distilled  product  is  mixed  with  water,  to  separate  the 
alcohol,  digested  first  with  a  little  chalk,  and  afterwards  with  fused  calcium 
chloride,  and,  lastly,  rectified.  The  pure  ether  is  an  exceedingly  fragrant 
limpid  liquid:  it  has  a  density  of  0-890,  and  boils  at  73  8°  C.  (166°  F.). 
Alkalies  decompose  it  in  the  manner  already  mentioned  (p.  601).  When 
treated  with  ammonia,  it  yields  acetamide,  NHsCsHaO. 

Amyl  Acetate,  C9H%OJC§Tllv  prepared  in  a  similar  manner,  boils  at  188° 
C.  (272°  F.).  It  possesses  in  a  remarkable  manner  the  odor  of  the  Jar- 
gonelle pear,  and  is  now  manufactured  on  a  large  scale  for  flavoring  liquors 
and  confectionery. 

Ethene  Acetates.  —  These  eompounds  may  be  derived  from  ethene  al- 
cohol (glycol)  by  substitution  of  one  or  two  equivalents  6f  acetyl  for  hydro- 
gen.  The  monacetatc,  {GJRAV  {^H  q»  i»  produced  by  heating  ethene  di- 

bromide  with  an  alcoholic  solution  of  potassium  acetate.  The  product  is  dis- 
tilled, the  portion  coming  over  at  182°  C.  (360°  F.)  being  kept  separate.  It  is 
a  colorless,  oily  liquid,  miscible  in  every  proportion  with  water  or  alcohol. 
Hydrochloric  acid  gas  passed  into  ethene  monacetate  converts  it  into  ethene 

acetochloride,  or  gly colic  chloracetin,  C,H4  {  kr»  tr  o*  wn*on  *8  precipitated, 

on  addition  of  water,  as  an  oily  liquid  boiling  at'lls*  C.  (298°  F.).     Treat- 
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merit  with  potash  decomposes  it  into  ethene  oxide,  potassium  acetate,  and 

potassium  chloride. 

( OC  H  O 
Ethane  diaeetate,  C,H4  <  q^h'qi  i»  prepared  by  digesting  a  mixture  of 

ethene  dibromide,  silver  acetate,  and  glacial  acetic  acid  in  the  water-bath, 
and  exhausting  the  digested  mass  with  ether.  On  distilling  the  ethereal 
solution,  the  ether  first  passes  over,  then  the  acetic  aoid,  and  lastly,  when 
the  temperature  has  reaohed  187°  C.  (868°  F.),  ethene  diaeetate.  It  is  a 
colorless,  neutral  liquid,  of  sp.  gr.  1*128,  at  0° ;  soluble  in  7  parts  of  water 
and  in  every  proportion  in  alcohol  and  ether. 

Pbopbhyl  or  Gltcbbtl  Acetatis  ;  or  Aoetiks.  —  These  ethers  are  de- 
rived from  propenyl  alcohol  (glycerin)  by  substitution  of  1,  2,  or  3  equiva- 
lents of  acetyl  for  hydrogen.  The  formula  of  glycerin  being  (CtH6)///  OH,, 
those  of  the  three  acetins  are : 

Monoacetin 
Diacetin 
Triacetin  . 

They  are  oily  liquids,  produced  by  heating  glycerin  and  acetic  acid  to- 
gether, in  various  proportions,  in  sealed  tubes. 

Acetic  Chlobidi  ob  Acetyl  Chlobide,  CsH^OC1. — This  compound,  which 
has  the  constitution  of  acetic  acid  with  chlorine  substituted  for  hydroxyl, 
is  produced,  as  already  observed  (p.  602),  by  the  action  of  phosphorus  tri- 
chloride, pentachioride,  or  oxychloride  on  glacial  acetic  acid.  The  pro- 
duct heated  with  water  and  dilute  soda-solution,  to  remove  phosphorus 
oxychloride  and  hydrochloric  acid,  and  then  rectified,  yields  acetic  chlo- 
ride as  a  colorless  liquid,  having  a  suffocating  odor  and  emitting  dense  fumes 
of  hydrochloric  acid  in  contact  with  the  air.  It  is  heavier  than  water,  boils 
at  55°  C.  (131°  F. ),  and  is  decomposed  by  water  and  alkaline  solutions, 
yielding  hydrochloric  and  acetic  acids. 

Acetic  Oxide  ob  Anhydride,  C4H6Ot  =  (CtHtO)sO,  sometimes  called 
Anhydrous  acetic  acid.  — This  compound  is  obtained : 

1.  By  the  action  of  aoetyl  chloride  on  potassium  or  sodium  acetate: 

C,HtO(ONa)     +    C,H,OCl    =    NaCl    +    (C,HtO)aO. 

2.  By  heating  sodium  acetate  with  benzoyl  chloride,  CTH5OCl,  whereby 
benso-acetic  oxide  is  formed  in  the  first  instance,  and  subsequently  resolved 
into  acetic  and  benzoic  oxides,  the  former  distilling  over,  while  the  latter 
remains: 

C,HtO(ONa)      +      C7H50C1     =     NaCl     +     ^h'o}0 


and: 


Sodium  acetate.            Benzoyl  Benzo-acetio 

chloride.  oxide. 

2{c;h;o}°    =     <c.H.°).°  +    (c,h.o),o 

Benzo-acetio                          Acetic  Benzoio 

oxide.                               oxide.  oxide. 

Acetic  oxide  is  a  heavy  oil  which  dissolves  slowly  in  water,  being  gradu- 
ally converted  into  acetic  acid : 

(CfHtO),0            +            OH,  ^            2C,H,0(OH). 
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Acids  derived  from  Acetic  Acid  by  Substitution. 

Chlobacbtic  Acids.—  The  three  acids,  C,HtC10r  0,11,01,0,,  and  CflCAfi9 
are  produced  by  the  action  of  chlorine  on  acetic  acid  in  sunshine ;  the 
second,  however,  is  formed  in  small  quantity  only,  the  first  or  the  third  be- 
ing produced  in  greatest  abundance  according  as  the  acetic  acid  or  the 
chlorine  is  in  excess. 

Monochloracetie  acid,  C.H,C10(0H),  is  produced,  according  to  R.  Hoff- 
mann, by  the  action  of  chlorine  on  boiling  glacial  acetic  acid  in  sunlight. 
Dr.  H.  Miiller  finds  that  the  formation  of  monochloracetic  acid  is  facilitated 
by  dissolving  a  little  iodine  in  the  hydrated  acetio  acid,  and  passing  a  stream 
of  chlorine  through  the  boiling  solution.  On  submitting  the  products  of 
this  reaction  to  repeated  distillation,  a  substance  is  obtained  boiling  at 
186°  C.  (367°  F.),  and  solidifying  to  a  crystalline  mass  which  melts  at  64° 
C.  (147°  F.)  and  dissolves  with  facility  in  water.  This  acid,  when  heated 
with  potash,  is  converted  into  potassium  glycollate  (p.  604): 

C,HtC10,     +     2KH0     =     KC1     +     C,HsO,K     +     OH, 
Ghloracetio  Potassium 

acid.  glycollate. 

DteMoraeetic  add,  C?HC1,0(0H),  is  produced,  together  with  the  preceding 
compound,  by  the  action  of  chlorine  and  iodine  on  boiling  acetic  acid,  and 
is  found  in  that  portion  of  the  product  which  boils  above  188°C.  (870°  F.). 

According  to  Maumene*,*  it  may  be  obtained  by  exposing  monochlor- 
acetic acid  in  large  flasks  to  the  action  of  dry  chlorine  (5  atoms  of  chlorine  to 
8  molecules  of  chloracetio  acid)  for  twenty-four  hours,  warming  the  product  to 
expel  hydrochloric  acid,  and  then  distilling.  At  ordinary  temperatures  it 
is  a  liquid  having  a  specific  gravity  of  1*6216  at  16°  C.  (59°  F.),  and  boiling 
at  105°  C.  (221°  FA  According  to  Miiller,  it  remains  liquid  when  cooled; 
but  according  to  Maumene,  it  crystallises  in  rhombohedral  plates.  It  forms 
a  soluble  silver  salt,  C?HCl-0,Ag,  which  is  decomposed  when  its  solution  is 
heated  with  silver  oxide  to  76°  or  80°,  giving  off  a  mixture  of  carbon  mon- 
oxide and  dioxide : 

2C,HCl,0,Ag  +  3Ag,0  =  2C0  +  2C0,  +  4AgCl  +  2Ag,  +  OHr 

Trichloracetic  acid,  C,CltO(OH). —  Discovered  by  Dumas.  When  a  small 
quantity  of  crystallizable  acetic  acid  is  introduced  into  a  bottle  of  dry 
chlorine  gas,  and  the  whole  exposed  to  the  direct  solar  rays  for  several 
hours,  the  interior  of  the  vessel  is  found  coated  with  a  white  crystalline 
substance,  which  is  a  mixture  of  trichloracetic  acid  with  a  small  quantity 
of  oxalic  acid.  The  liquid  at  the  bottom  contains  the  same  substances,  to- 
gether with  the  unaltered  acetic  acid.  Hydrochloric  and  carbonic  acid 
gases  are  at  the  same  time  produced,  together  with  a  suffocating  vapor,  re- 
sembling carbonyl  chloride.  The  crystalline  matter  is  dissolved  out  by  a 
small  quantity  of  water  added  to  the  liquid  contained  in  the  bottle,  and  the 
whole  is  placed  in  the  vacuum  of  the  air-pump,  with  capsules  containing 
fragments  of  caustic  potash  and  concentrated  sulphurio  acid.  The  oxalic 
acid  is  first  deposited,  and  afterward  the  trichloracetic  acid,  in  beautiful 
rhombic  crystals.  If  the  liquid  refuses  to  crystallize,  it  may  be  distilled 
with  a  little  anhydrous  phosphoric  acid,  and  then  evaporated.  The  crys- 
tals are  spread  upon  bibulous  paper  to  drain,  and  dried  in  a  vacuum. 
The  reaction  probably  takes  place  according  to  the  equation : 

4C,H40,    +    11C1,    =    2C,HC1,0,    +    C,H.04    +    10HC1 
Acetic  acid.  Trichloracetic        Oxalio 

add.  acid. 

+    2CHC18 
Chloroform. 

4«  Farto,  [2J,  1. 417. 
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The  chloroform  is  converted,  by  the  further  action  of  the  chlorine,  into 
carbon  tetrachloride,  CC14  (Maumene*). 

Trichloracetic  acid  may  also  be  produced  synthetically,  viz.,  by  the  ac- 
tion of  chlorine  and  water  on  carbon  tetrachloride,  this  compound  first 
taking  up  2  atoms  of  chlorine  and  forming  carbon  trichloride,  Cfi\#  and  the 
latter  being  converted  by  the  water  into  hydrochloric  and  trichloracetic 
acids: 

C,C1,        +        20H,        =        8HC1        +        CjHCljO, 

Trichloracetic  acid  is  a  colorless  and  extremely  deliquescent  substance : 
it  has  a  faint  odor,  and  sharp  caustic  taste,  bleaching  the  tongue  and  de- 
stroying the  skin ;  the  solution  is  powerfully  acid.  At  46°  C.  (115°  F.)  it 
melts  to  a  clear  liquid,  and  at  199°  C.  (390°  F.)  boils  and  distils  unchanged. 
The  density  of  the  fused  acid  is  1*617;  that  of  the  vapor,  which  is  very  ir- 
ritating, is  probably  6*6. 

The  trichloracetattM  are  analogous  to  the  acetates.  The  potatrium-aalt, 
2C,CltO,K .  aq.,  crystallises  in  fibrous  silky  needles,  permanent  in  the  air. 
The  ammonium-salt,  2CaClfOINIL .  6  Aq.,  is  also  crystallizable  and  neutral. 
The  tUver-talt,  CjCl^OjAg,  is  soluble,  and  crystallises  in  small,  grayish  scales, 
easily  altered  by  light. 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammonium  car- 
bonate and  chloroform : 

CjHC^O,    +    2NH,    +    OH,    =    COt(NH4),    +    CHC1, 

With  caustic  potash,  it  yields  a  smaller  quantity  of  chloroform,  together 
with  potassium  chloride,  carbonate,  and  formate.  The  chloride  and  for- 
mate are  secondary  products  of  the  reaction  of  the  alkali  upon  the  chloro- 
form. 

Nascent  hydrogen  reduces  trichloracetic  to  acetic  acid.  When  potassium 
or  sodium  amalgam  is  put  into  a  strong  aqueous  solution  of  trichloracetic 
acid,  the  temperature  of  the  liquid  rises,  without  disengagement  of  gas, 
and  the  solution  is  found  to  contain  acetate  and  chloride  of  potassium,  to- 
gether with  caustic  potash. 

Bbomacbtto  Acids. — MonobromactUc  acid,  CsHsBrO(OH),  discovered  by 
Perkin  and  Duppa,  is  analogous  in  every  respect  to  monochloraoetic  acid. 
It  is  formed  by  acting  with  bromine  on  glacial  acetic  acid  in  sealed  tubes 
at  a  temperature  above  that  of  boiling  water.  Ammonia  converts  it  into 
glycocine,  C,H5NO.  (p.  614). 

Dibromacetic  acid,  C^HBr,0(0H),  is  obtained  by  the  further  action  of  bro- 
mine upon  bromacetic  acid.  It  is  a  liquid  boiling  at  240°  C.  (464°  F.); 
heated  with  silver  oxide  and  water,  it  is  decomposed  into  silver  bromide 
and  bromoglycollio  acid : 

2C,H,Br,Oj    +    Ag,0    +    H,0    =    2AgBr    +    2CJBtVrOt 

Dibromacetic  Bromogly- 

acid.  collie  acid. 

Ethgt-dibromacetaU,  C,HBrfO, .  C,HS,  produced  by  heating  an  alcoholic 
solution  of  the  acid  in  a  sealed  tube,  is  an  oily  liquid  which  is  decomposed 
by  ammonia,  yielding  alcohol  and  dibromacetamide : 

CjHB^Oj.CjHb    +    NH,    =    C„H50H    +    NH.CjHBrjO 

Iodacbtic  Acid,  C,H3IO,,  and  Di-iodaostio  Aoid,  CsH^sOr  have  like- 
wise been  obtained. 

CHt 
Thiacxtic  Acid,  C,H4OS,  or  C.H.O(SH),  or        I  .  —  This  acid,  dis- 

0=C— SH 
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covered  by  Kekull,  is  formed  by  the  action  of  phosphorus  pentasulphide 
on  glacial  acetic  acid : 

6C,H,0(OH)    +    PjS,    =    P,06    +    6C2H,0(SH) 

Thiacetic  acid  is  a  colorless  liquid,  boiling  at  93°  G.  (199°  F.) ;  it  smells 
like  acetic  acid  and  hydrogen  sulphide.     With  solution  of  lead  acetate,  it 

forms  a  crystalline  precipitate  containing  (C,HlO),Pb"S1>  or  Pb"  j  J^^q 

Amidaoitio  Acid,  or  Gltoooihs,  C,H5NOr  or  C,Hg(NH?)Or — This  com- 
pound is  formed  by  the  action  of  ammonia  on  bromacetic  or  chloracetio 
acid: 

C,H,C10^    +    2NHt    =.    NH4C1    +    CjH^NH^O, 
Chloracetio  Anuaacetio 

acid.  acid. 

It  is  also  produced  by  the  action  of  acids  or  alkalies  upon  animal  sab- 
stances,  such  as  glue,  hippuric  acid,  glycoilic  acid,  etc.  From  hippurie 
acid  it  is  formed  according  to  the  equation: 

C9H9NO,        +        OH,        =        C1HANOs        +        CfHfO, 
Hippuric  acid.  Olyoocine.  Benioic  acid. 

To  prepare  it,  hippuric  acid  is  boiled  for  several  hours  with  concentrated 
hydrochloric  acid ;  the  liquid  is  evaporated  nearly  to  dryness ;  the  residue 
exhausted  with  cold  water ;  the  solution  treated  with  lead  oxide,  to  sepa- 
rate the  hydrochloric  acid,  and  filtered :  the  filtrate,  after  precipitation  of 
the  lead  by  sulphuretted  hydrogen,  yields  on  evaporation  hard  transparent 
crystals  of  glycocine.  Glycocine  is  easily  soluble  in  water,  nearly  insol- 
uble in  alcohol  and  ether.  It  combines  with  acids  in  different  proportions. 
With  sulphuric  acid  it  forms  the  compound  (C,H6NOa),S04H?;  and  on  addi- 
tion of  alcohol  to  a  solution  of  this  sulphate,  a  salt  crystallizing  in  rectan- 
gular prisms  is  deposited,  containing  8C,H6NO, .  S04Hr  Glycocine  also 
forms  saline  compounds  by  substitution  of  metal  for  hydrogen;  for  example, 
C4H8Cu"N,04 .  OH,,  and  C,H4AgNOs:  it  also  combines  with  metallic  salts, 
forming  crystalline  compounds,  such  as  CsH5NOs.NOaK,  and  C^NO,. 
NCLAg. 

Nitrow  add  converts  glycocine  into  glycoilic  or  oxyaoetic  acid : 

C.H^NHJO,    +    2NO(OH)    =    C.Ht(OH)0,    +    OH,    +    Na 
Amidacetic  Oxyacetio 

acid.  acid. 

MethyUglycoeine,  or  Sarcosine,  C,HTNOr  or  CjH^CH^NO,,  isomeric  with 
alanine  (p.  619),  is  produced  by  digesting  ethyl-chloracetate  with  an  excess 
of  a  concentrated  aqueous  solution  of  methylamine : 

C1HlC10,.C,Hi    +    2NH,CH,    +    OH,    =    C,H,(CHi)(NH,)0, 

Sarcosine. 

+    NH,CH,.HCl    +  C,H6(OH) 
Methylamine  Alcohol, 

hydrochloride. 

The  same  compound  is  formed  by  boiling  creatine  *  with  baryta-water ; 
ammonia  is  then  eliminated,  a  precipitate  of  barium  carbonate  separates, 
and  the  solution,  after  the  removal  of  the  barium  by  carbonic  acid,  yields 
on  evaporation  colorless  rhombic  prisms  of  sarcosine.  The  creatine  splits 
into  sarcosine  and  urea,  the  latter  being  further  decomposed  into  ammonia 
*  8m  the  chapter  on  Organic  Basel. 
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and  carbonic  acid.  Sarcosine  dissolves  with  facility  in  water ;  it  is  diffi- 
cultly soluble  in  alcohol,  insoluble  in  ether,  and  has  no  action  upon  vege- 
table colors.  It  combines  with  acids  to  soluble  salts,  which  have  an  acid 
reaction.  The  double  salt  of  sarcosine  with  platinum  tetrachloride  crys- 
tallites in  large  yellow  octohedrons  having  the  composition  2C,HtNO,. 
2HCl.PtCl4.2  Aq. 

C,H6 

Propionio  Acid,  C,H«0,  =  C,H60(OH)  =    [         .—This  acid  is  pro- 

COOH 
duced :  1.  As  a  potassium-salt  by  the  combination  of  carbon-dioxide  with 
potassium-ethyl,  CO,  -f  C,H5K  —  CO(CsH.)OK.  —2.  By  the  action  of  acids 
or  alkalies  on  ethyl  cyanide  (p.  599).  —  3.  By  the  simultaneous  action  of 
water  and  carbonyl  ohloride  on  ethane  (p.  699)  •— 4.  By  the  oxidation  of 
propionic  aldehyde,  C,H60.     It  should  also  be  formed  by  oxidation  of  nor- 
mal propylic  alcohol:  but  that  compound  is  not  known  with  certainty 
(p.  531). — 5.  Together  with  aoetio  acid,  by  oxidizing  propione,  or  meta- 
cetone,  CftH,~0,  with  aqueous  chromic  acid.     This  is  the  process  by  whioh 
it  was  first  obtained. —  6.  From  lactic  acid — from  which  it  differs  only  by 
containing  one  atom  of  oxygen  less — by  the  action  of  hydriodio  acid: 
C,H«0,        +        2HI        =        CtIIeO,        +        OH,        +        I, 
Lactio  Propionio 

acid.  acid. 

7.  Together  with  several  other  products,  in  the  fermentation  of  glycerin, 
and  likewise  of  sugar,  by  the  action  of  putrid  cheese  in  presence  of  cal- 
cium carbonate. 

Propionic  acid  is  usually  prepared  by  the  second  of  the  above-mentioned 
processes.  Ethyl  cyanide  is  added  by  drops  to  a  moderately  strong  solution 
of  potash  heated  in  a  tubulated  retort,  the  distillate  being  repeatedly  poured 
back  as  long  as  it  smells  of  ethyl  cyanide.  The  residue  in  the  retort,  con- 
sisting of  potassium  propionate,  is  then  evaporated  down  to  dryness,  and 
distilled  with  syrupy  phosphoric  acid. 

Propionic  acid,  when  perfectly  dry,  crystallizes  in  lamina,  and  boils  at 
140°  C.  (284°  F. ).  It  is  soluble  in  water,  and  when  the  water  is  quite 
saturated  with  it,  the  excess  of  acid  floats  on  the  surface  in  the  form  of  an 
oil.     It  has  a  very  sour  taste,  and  a  somewhat  pungent  odor. 

The  propionates  are  soluble  in  water.  The  barium-salt,  (C,H501)rBa//, 
yields  propione  by  dry  distillation. 

Propionio  acid  forms  substitution-products  with  chlorine,  bromine,  and 
iodine.  Chloropropionie  acid,  C,H«C10r  does  not  appear  to  be  formed  by 
the  action  of  chlorine  on  propionic  acid ;  but  it  is  obtained  by  treating  the 
calcium  salt  of  lactic  acid  with  phosphorus  pentaohloride,  whereby  lactyl 
chloride  or  chloropropionyl  ohloride  is  formed,  and  decomposing  this 
chloride  with  water : 

CgH40(OH},    +    PC1§    =    C,H4C10.Cl    +    PC1,0    +    OH, 
Lactic  acid.  Chloropropionyl 

chloride. 
C,H4C10.C1      +      OH,      =      HC1      +      C,H4C10(OH) 
Chloropropionyl  Chloropropionio 

chloride.  acid. 

Chloropropionic  acid  is  a  liquid  less  volatile  than  propionio  acid,  and  hav- 
ing the  odor  of  trichloracetic  acid.  Nascent  hydrogen  converts  it  into 
propionic  acid. 

Bromopropionic  acid,  C,HsBrOr  produced  by  the  action  of  bromine  on 
propionic  acid,  is  converted  by  alcoholic  ammonia  into  alanine,  or  amido- 
propianic  acid: 

C,HjBrO,        +        2NH,        =        C,H,(NH2)0,        +        NH4Br. 


616 


MONATOMIC   ACIDS,  JCnHBOr 


Alanine,  homologous  with  glycocine  and  isomeric  with  sarcosine  (p.  614), 
is  also  produced  by  boiling  a  mixture  of  aldehyde-ammonia  and  hydro- 
cyanic acid  with  dilute  hydrochloric  acid: 


C.H4O.NHf 

Aldehyde- 


+    CNH    +    HC1 


+  OH,  =  NH4Cl  +  C,HTNOr 

"  ie. 


On  evaporating  the  solution,  extracting  the  hydrochloride  of  alanine  with 
alcohol,  and  separating  the  hydrochloric  acid  by  hydrated  lead  oxide,  a 
solution  is  obtained  containing  alanine  in  combination  with  lead  oxide, 
from  which  the  alanine  may  be  separated  by  saturating  the  solution  with 
sulphuretted  hydrogen,  filtering,  and  evaporating.  It  forms  rhombic  prisms 
of  a  pearly  lustre,  easily  soluble  in  alcohol,  sparingly  soluble  in  ether. 
Alanine,  like  glycooine,  combines  with  acids,  bases,  and  salts. 

Nitrous  acid  converts  alanine  into  lactic  or  oxypropionic  acid,  C4HeOr 
the  reaction  being  exactly  similar  to  that  by  which  glycocine  is  converted 
into  glycollie  acid. 

Bntyrio  Aoid,  C4H8Of=C4H70(OH).  — Acids  having  this  composition,  are 
obtained  by  the  following  synthetical  processes : 

«.  By  the  action  of  ethyl-iodide  on  monosodic  ethyl  acetate  (p.  600),  and 
decomposition  of  the  resulting  ethylic  ethyl-acetate  with  potash:  the  pro- 
duet  thus  obtained  is  ethyl-acetic  or  normal  butyric  acid : 


+ 


CH9C.H4 

<w 

=         Nal         +      1 

COOC,H, 

Ethylic 

Ethyl 
iodide. 

ethyl-acetate. 

CHjC.Hg 

HOH 

=     C,H,(OH)     +      1 

COOH 

Water. 

Ethyl              Ethylacetio 

alcohol.                 aoid. 

CH,Na 

COOC,H, 

Monosodio 

ethyl-acetate. 

CHfCjHg 

AoOC,H§ 

Ethylio 

ethyl-acetate. 

0.  Disodic  ethyl-acetate,  treated  in  like  manner  with  methyl-iodide,  yields 
dimethylio  ethyl-acetate: 

CHNa,  CE(CBt)t 

I  +        2CHtI       =        2NaI         +      I 

COOC,H§  COOC,H§; 

and  this  compound,  treated  with  potash,  is  converted  into  dimethyl-acetic 

.    ,,  <jH(CH.). 

or  isobutyric  aoid, 

COOH. 
Ethylaoetic  acid  boils  at  161°  C.  (822°  F.),  dimethylacetio  acid  at  162°  C. 
(805°  F.)  (Frankland  and  Duppa). 

Butyric  acid,  identical  with  the  first  of  these  synthetical  products,  occurs 
ready-formed  in  tamarinds  and  a  few  other  plants,  and  in  certain  beetles, 
and  is  obtained  artificially  by  several  processes. 

1.  By  oxidation  of  primary  butyl  alcohol.* — 2.  By  saponification  of  ordi- 
nary butter,  whioh  contains  tributyrin : 

(CW'fOC^Ok    +    8KOH    ==    8C4H7OH    +    CLHB(OHt) 
Tributyrin.  Potassium  Glycerin. 

butyrate. 

•  If  ■rlenmeyar's  view  of  the  constitution  of  the  fermentation  alcohols  be  oorrect,  the  acid 
produced  by  oxidation  of  butyl  alcohol  obtained  from  foeel  oil,  should  be  isobutyric  acid:  the 
point  requires  further  investigation. 
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Other  acids  of  the  series  are,  however,  formed  at  the  same  time,  which  are 
difficult  to  separate. 

3.  By  the  fermentation  of  sugar  in  contact  with  putrid  cheese  and  chalk, 
calcium  lactate  being  first  formed  in  large  quantity,  and  afterward  dis- 
solved and  converted  into  butyrate,  which  may  be  decomposed  by  sulphuric 
acid,  and  distilled.  The  conversion  of  lactic  into  butyric  acid  probably 
takes  place  as  shown  by  the  equation : 

2<yi6Os        =        C4H80,        +    2C0,    +    2H, 
Lactic  acid.  Butyric  acid. 

Butyric  acid  thus  obtained  is  a  colorless,  very  mobile  liquid,  having  an 
odor  of  acetic  acid  and  also  of  rancid  butter.  Its  specific  gravity  is  0-1*886 
at  0°,  and  0-9739  at  15°.  At  the  temperature  of  a  mixture  of  solid  car- 
bonic acid  and  ether  it  crystallizes  in  large  laminae.  It  boils  at  164°  C. 
(327°  F.),  giving  off  a  vapor  which  burns  with  a  blue  flame.  It  dissolves 
in  all  proportions  in  water,  alcohol,  and  wood-spirit.  Boiling  nitric  acid 
converts  it  into  succinic  acid : 

2C4H80,    +    0«    =    20H2    +    2C4IIeO, 

Butyric  Succinic 

acid.  acid. 

The  metallic  butyrates  are,  for  the  most  part,  soluble  in  water,  and  crys- 
tulliiable.  The  calcium  %aU  C4H,0,Ca",  yields  butyrone,  C4HTO.CsHT, 
by  dry  distillation. 

Ethyl  BtUyrate,  C.H70, .  C,Hf,  is  a  liquid  having  a  pleasant  fruity  odor: 
it  is  sometimes  used  for  flavoring  confectionery. 

Butyric  acid,  subjected  to  the  action  of  dry  chlorine,  is  converted  first 
into  diehlorobutyric  acid,  C4HeCl,Or  and  afterward  into  tetracklorobutyric 
acid,  C4H4C140?.  Heated  with  bromine  in  sealed  tubes  to  160°-200°C.  (802°- 
892°  F.),  it  forms  mono-  or  dibromobutyric  acid,  according  to  the  propor- 
tions used.     Dibromobutyric  acid  is  crystallizable. 

Amidobutyrie  acid,  C4H9NOp  or  C4H7(NH,)Or  is  said  to  exist,  together 
with  its  homologue,  leucine  or  amidocaproic  acid,  in  the  pancreas  of  the  ox. 

Valeric,  or  Valerianic  Acid,  CBH,0O2  =  C5U90(OH).— This  acid  occurs  in 
valerian  root,  in  angelica  root,  in  the  berries  of  the  guelder  rose  (  Vibur- 
num opulut),  and  probably  in  many  other  plants.  It  is  produced  by  the 
oxidation  of  amyl  alcohol,  either  by  absorption  of  atmospheric  oxygen 
under  the  influence  of  platinum  black,  or  by  treatment  with  aqueous 
chromic  acid,  or  by  heating  it  with  a  mixture  of  caustic  potash  and  quick- 
lime, the  reaction,  in  this  last  case,  being  attended  with  evolution  of  hy- 
drogen: 

^5*1*0    +    KOH    =    C5H,02K    +    OH,    +    H, 
Amyl  Potassium 

alcohol.  valerate. 

The  potassium  salt,  distilled  with  sulphuric  acid,  yields  valeric  acid. 

The  most  advantageous  mode  of  preparing  valerio  acid,  is  to  oxidize 
amyl  alcohol  with  a  mixture  of  sulphuric  and  potassium  bichromate.  4 
parts  of  the  bichromate  in  powder,  6  parts  of  oil  of  vitriol,  and  8  parts  of 
water  are  mixed  in  a  capacious  retort,  and  1  part  of  amyl  alcohol  is  added 
by  small  portions,  with  strong  agitation,  the  retort  being  plunged  into  cold 
water  to  moderate  the  violence  of  the  reaction.  When  the  change  appears 
complete,  the  deep-green  liquid  is  distilled  nearly  to  dryness,  the  product 
mixed  with  excess  of  caustic  potash,  and  the  aqueous  solution  separated 
mechanically  from  a  pungent,  colorless,  oily  liquid  which  floats  upon  it, 
consisting  of  amyl  valerate.     The  alkaline  solution  is  then  evaporated  to  a 
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small  bulk,  and  decomposed  by  dilute  sulphuric  acid  in  excess.  The 
greater  part  of  the  valeric  acid  then  separates  as  an  oily  liquid  lighter 
than  water:  this  is  a  hydrate  consisting  of  C;HuOs.  OHr  When  distilled 
alone,  it  undergoes  decomposition :  water,  with  a  little  of  the  acid,  first 
appears,  and  eventually  the  pure  acid,  C,HwOr  in  the  form  of  a  thin,  mo- 
bile, colorless  oil,  haying  the  persistent  and  characteristic  odor  of  valerian 
root.  It  has  a  sharp  and  acid  taste,  reddens  litmus  strongly,  bleaches  the 
tongue,  and  burns  when  inflamed  with  a  bright,  yet  smoky  light.  Valeric 
acid  has  a  density  of  0-987 :  it  boils  at  175°  C.  (847°  F.J.  Placed  in  con- 
tact with  water,  it  absorbs  a  certain  quantity,  and  is  itself  to  a  certain  ex- 
tent soluble. 

Valeric  acid  is  active  or  inactive  to  polarised  light,  accordingly  as  it  lias 
been  prepared  from  active  or  inactive  amyl  alcohol.  That  which  has  been 
prepared  from  the  active  alcohol  produces  a  right-handed  rotation  of  43° 
in  a  tube  60  centimetres  long.* 

The  metallic  valerates  are  not  of  much  importance ;  several  of  them  are 
orystallixable.  The  rilver-saU  contains  CjH^OjAg.  A  solution  of  potassium 
valerate,  subjected  to  electrolysis,  yields  dibutyl,C8Hp  (p.  476). 

Ethyl  valerate,  Cf  H9Ot .  CSHS,  is  obtained  by  passing  hydrochloric  acid  gas 
into  an  alcoholic  solution  of  valeric  acid.  Ammonia  converts  it  into  vale- 
ramide,  C,Hf0NHr 

Chlobovalsbio  Acids. — TricMorovalerie  acid,  C,HfCl,Op  obtained  by  the 
prolonged  action  of  chlorine  on  valerio  acid  in  the  dark,  aided  toward  the 
end  of  the  process  by  a  gentle  heat,  is  an  oily  liquid,  becoming  very  viscid 
at  18°  C.  (64°  F.),  perfectly  mobile  at  80°  C.  (86°  F.).  In  contact  with 
water  it  forms  a  very  viscid  hydrate,  which  sinks  to  the  bottom.  It  dis- 
solves in  aqueous  alkalies,  and  is  precipitated  by  acids  in  its  original  state. 

Tetrachlorovaleric  acid,  C5H-Cl4Or  is  the  ultimate  product  of  the  action  of 
chlorine  on  the  preceding  substance,  aided  by  exposure  to  the  sun.  It  is  a 
semifluid,  colorless  oil,  destitute  of  odor,  of  powerful  pungent  taste,  and 
heavier  than  water.  It  can  neither  be  solidified  by  cold  nor  distilled  with- 
out decomposition.  In  contact  with  water,  it  forms  a  hydrate  containing 
C,HfCl40, .  OH,  which  is  slightly  soluble  in  water,  easily  soluble  in  alcohol 
and  ether. 

Tumeric  forma  of  Valeric  acid.  —  The  formula  CsHI0O,  may  include  the 
four  following  compounds : 

CHjCHjCHjCH,       CH,CH(CHt)f      CHCHJTIHjCHJ      C(CHg)a 

COOH  COOH  COOH  COOH 

Propyl-  Isopropyl-  Methyl-ethyl-      Trim  ethyl 

aoetio  acid.  acetic  acid.  acetic  acid.        acetic  acid. 

The  second  and  fourth  of  these  acids  have  been  prepared  by  Frahkland 
and  Duppa.f 

CHjCHfCH,), 
Ethyl  isopropylacetate,    I  ,  is  obtained  by  the  action  of  isopro- 

COOCjH. 
pyliodide,  CH(CH,)tI,  on  monosodic  ethyl  acetate,  and  from  this  ether  •*©- 
propylacetic  acid  is  prepared,  as  in  the  similar  cases  previously  described. 
It  is  identical  in  every  respect  with  valerio  acid  prepared  from  optically 
inactive  amy!  alcohol. 

Trimethylacetie  acid  is  obtained  as  an  ethyl  ether  by  the  action  of  methyl 
iodide  on  trisodio  ethyl  acetate: 

•  Arfbr,  Omb.  Bor  -  ~  ~       *4.  f  Chem.  8oc  Journal  [2\  ▼.  102. 
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CNa,  C(CH,)t 

|  +      8CH.I      s      3NaI      +         I 

COOC2H8  COOC.H, 

C  H 

Caproie  Add,  CeHuO,  =  CeHnO(OH)  =  1 6       .—This  acid  is  produced  by 

COOH 
the  action  of  alkalies  or  acids  on  amyl  cyanide,  C6H,.CN  (p.  599) ;  also,  as  a 
sodium-salt,  by  the  action  of  carbon  dioxide  on  soaium-amyl:  CO,-f  C5HU 
Na=CO(CsHu)ONa.*  It  occurs  as  a  glyceride  in  the  butter  of  cow's  milk, 
and  abundantly  in  cocoa-nut  oil ;  it  is  a  not  unfrequent  product  of  the  oxi- 
dation of  fatty  acids  of  higher  atomic  weight,  and  is  also  produced  by  the 
oxidation  of  poppy  oil  and  of  casein.  It  may  be  prepared  from  cocoa-nut 
oil  by  saponifying  the  oil  with  strong  soda-lye,  and  distilling  the  soap  with 
dilute  sulphuric  acid.  The  distillate  contains  caproic  and  caprylic  acids, 
and,  when  neutralized  with  baryta  and  evaporated,  yields,  first  crystals  of 
barium  caprylate,  and  afterwards  yerucose  crystals  of  the  caproate,  which, 
when  decomposed  by  sulphuric  acid,  yield  caproic  acid. 

Caproic  acid  is  a  clear  mobile  oil  of  sp.  gr.  0*931  at  15°,  haying  a  sudo- 
rific odor  and  pungent  taste.  The  acid  prepared  from  amyl  cyanide  solid- 
ifies at  — 9°C.  (16°  F.),  boils  at  198°  C  (388°  F.),  and  is  active  to  polarized 
light.  That  from  cocoa-nut  oil  boils  between  202°  and  209°  C.  (395°-408°  F.) 
(perhaps  owing  to  admixture  of  caprylic  acid),  and  is  optically  inactive. 

The  metallic  caproates  are  soluble  and  crystallizable.  A  strong  solution 
of  the  potassium-salt,  subjected  to  electrolysis,  yields  diamyl,  C,0HM  (p.  476). 
The  silver-salt,  CeH,iO,Ag,  is  nearly  insoluble  in  water,  and  crystallizes  in 
broad  plates,  but  is  Little  altered  by  exposure  to  light. 


CH(C,H,); 


Dixthtl-acbtic  Acid,    I  ,  the  ethylio  ether  of  which  is  prepared 

COOH 
by  the  action  of  ethyl  iodide  on  disodic  ethyl  acetate,  is  isomeric  with  ca- 
proic acid.     It  has  a  different  odor,  and  its  silver-salt  forms  silky  asbestos- 
like crystals,  soluble  in  water,  and  turning  brown  when  exposed  to  a  strong 
light. 

Amidocaproic  Acid,  or  Leucine,  CeH18NO,orCeH1.(NH2)Or  has  not  been 
obtained  directly  from  any  derivative  of  caproic  acid,  but  is  produced  by 
digesting  together  valeral-ammonia,  hydrocyanic  acid,  and  hydrochloric 
acid,  the  reaction  being  analogous  to  that  by  which  alanine  is  prepared 
from  the  ammonia-compound  of  acetic  aldehyde : 

aHjpO.NH,    +    CNH    +     HC1     +     OH,    =     C,Hl3NO,    +    NH4C1 
Valeral-am  -  Leucine, 

monia. 

Leucine  is  also  formed  by  the  decomposition  of  animal  substances,  such 
as  glue,  horn,  wool,  &c,  during  putrefaction,  and  by  the  treatment  of  these 
substances  with  acids  or  alkalies.  It  was  .first  discovered  in  putrid  cheese; 
more  recently  it  has  been  found  in  several  parts  of  the  animal  organism. 
Leucine  crystallizes  in  white  shining  scales,  which  melt  at  100°,  and  may 
be  sublimed  without  decomposition ;  it  is  but  little  soluble  in  water,  still 
less  in  alcohol,  insoluble  in  ether.  When  heated  with  caustic  baryta,  it 
splits  into  carbon  dioxide  and  amylamine:  C6H,8N02=C8H,sN-f  CO,.  It 
unites  with  acids,  bases,  and  salts.  Treatment  with  nitrous  acid  converts 
it  into  leucic  acid,  C6H„0,,  homologous  with  lactic  and  glycollic  acids. 

CeH,, 

(Enanthylio  Acid,  CTHM0,  =  C7Htt(OH)  =   |      .  —  This  acid  is  produced 

*  Wankljn  and  Schenk,  Chem.  Soc.  Journal  [2],  vl.  8L 
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from  oenanthol,  or  oenanthylic  aldehyde,  C7HuO  (a  liquid  obtained  by  the 
dry  distillation  of  castor-oil),  by  oxidation  in  the  air,  or  with  nitric  acid, 
or  with  chromic  acid ;  also  by  oxidation  of  castor-oil  with  nitric  acid. 
Amyl-acetie  acid,  isomeric  or  identical  with  it,  is  obtained  as  an  e thy  lie 
ether,  together  with  several  other  products,  by  the  action  of  amyl  iodide 
on  disodio  ethyl  acetate. 

(Enanthylic  acid  is  a  transparent  colorless  oil,  having  an  unpleasant  odor 
like  that  of  codfish.  It  boils,  according  to  Strecker,  at  212°  C.  (413°  F). 
It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  When  heated 
with  baryta,  it  gives  off  sextan e  or  hexyl  hydride.  CCHU,  the  baryta  ab- 
stracting carbon  dioxide:  CTH,.03==C0S4-C6HM.  The  potassium-salt,  sub- 
jected to  electrolysis,  yields  dihtxyl,  CltUn. 

Caprylic  Acid,  C9H16Os=CeHuO(OH),  occurs  as  a  glyceride  in  the  batter 
of  cows-milk  and  in  cocoa-nut  oil ;  it  is  also  found  in  several  kinds  of  fusel- 
oil,  partly  free,  partly  as  an  ethylic  or  amylic  ether.  Il  is  best  prepared  by 
saponification  of  cocoa-nut  oil ;  its  barium-salt,  being  very  sparingly  solu- 
ble, is  easily  separated  from  the  barium-salt  of  caproic  acid  formed  at  the 
same  time. 

Caprylic  aoid  has  a  faint  but  unpleasant  odor,  especially  when  warmed. 
It  solidifies  at  12°  C.  (54°  P.),  melts  at  15°  C.  (59°  F.),  and  boils  at  236°- 
238°  C  (457°-460°  F.j.  When  boiled  with  nitric  acid,  it  is  converted  into 
nitrocaprylic  acid,  CgH^NOJO,. 

Pelargonio  Aoid,  C.Hl8Os  =  C9HI7(OH),  was  first  obtained  from  the  leayes 
of  the  geranium  (Pelargonium  roteum),  in  which  it  exists  ready  formed.  It 
may  be  procured  in  large  quantity  by  the  action  of  nitric  acid  upon  the 
essential  oil  of  rue  (which  contains  the  two  aldehydes,  C„HnO  andCjJI^O) ; 
also,  together  with  several  acids  of  the  fatty  series,  by  the  action  of  boning 
nitric  acid  on  oleic  acid.  It  is  a  liquid  having  a  slightly  unpleasant  odor, 
and  boiling  at  260°  C.  (500°  F.). 

Ethyl  pelaroonate,  Cf  H90, .  CaH6,  may  be  easily  produced  by  dissolving 
the  acid  in  strong  alcohol,  and  passing  a  current  of  hydrochloric  acid 
through  the  solution.  It  is  a  liquid  of  specific  gravity  0*862,  and  boiling 
at  250°  C.  (482°  F.).     It  has  a  powerful  and  most  intoxicating  vinous  odor. 

The  aroma  possessed  by  certain  wines  appears  to  be  due  to  the  presence 
of  the  ether  of  pelargonio  acid,  which,  in  this  case,  is  probably  generated 
during  fermentation.  When  such  wines,  or  the  residues  of  their  fermen- 
tation, are  distilled  on  the  large  scale,  an  oily  liquid  passes  over  towards 
the  close  of  the  operation,  which  consists,  in  great  measure,  of  the  crude 
ether:  it  may  be  purified  by  agitation  with  solution  of  potassium  carbonate, 
freed  from  water  by  a  few  fragments  of  calcium  chloride,  and  redistilled. 
The  pelargonio  ether  obtained  by  this  process  was  originally  described  as 
ananthic  ether^  and  the  acid  as  cenantkic  acid. 

Batio  or  Capric  Aoid,  C^H^O^. — This  acid  exists  as  a  glyceride  in  ordi- 
nary butter  and  in  cocoa-nut  oil ;  it  occurs  also  in  several  kinds  of  fusel-oil, 
and  is  formed  by  the  oxidation  of  oleic  acid  and  of  oil  of  rue.  It  may  be 
obtained  pure  and  in  tolerable  quantity  from  the  liquid  which  remains  in 
the  distillation  of  the  fusel-oil  of  the  Scotch  distilleries  (p.  626)  after  the 
amyl  alcohol  has  been  distilled  off  at  132°  C.  (270°  F.).  This  residue  con- 
sists chiefly  of  amyl  rutate,  CI0Hl9Os .  €5H(1,  and  when  distilled  with  potash 
gives  off  amyl  alcohol  and  leaves  potassium  rutate,  from  which  the  rutic 
acid  may  be  obtained  by  distillation  with  sulphuric  acid. 

Rutic  acid  is  a  colorless  crystalline  body,  having  a  slight  odor  of  the 
goat,  becoming  stronger  when  the  acid  is  warmed.  It  melts  at  27°-30°  C. 
(80°-86°  F.),  is  very  soluble  in  cold  alcohol  and  ether,  insoluble  in  cold 
water,  slightly  soluble  in  boiling  water,  and  dissolves  without  alteration  in 
strong  nitric  acid. 
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The  metallic  rotates  are  mostly  sparingly  soluble  in  water.  The  barium* 
salt,  (Cl0H190J),Ba//,  separates  from  solution  in  boiling  water  in  needle- 
shaped  or  large  prismatic  crystals  which  float  on  the  water  if  not  moistened. 

Lanrio  Aoid,  C|SHMOr  occurs  as  a  glyceride  (laurostearin)  in  the  fat  of 
the  bay-tree  (Laurus  nobilis),  and  in  the  solid  fat  and  yolatile  oil  of  pichu- 
rim  beans  (Fabx  Piehurim  maj.)%  It  is  prepared  by  saponifying  these  fats 
with  caustic  alkali,  and  decomposing  the  resulting  soap  with  tartaric  or 
hydrochloric  acid.  It  likewise  occurs,  together  with  other  fatty  acids,  or 
their  glycerides,  in  cocoa-nut  oil  and  the  oils  or  fats  of  several  other  plants, 
also  in  spermaceti ;  and  is  separated  from  the  mixtures  of  fatty  acids  re- 
sulting from  the  saponification  of  these  substances  by  a  complicated  process 
of  fractional  precipitation  with  barium  and  magnesium  salts,  into  the  de- 
tails of  which  we  cannot  enter.* 

Laurie  acid  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether, 
and  crystallizes  front  alcohol  in  white,  silky  needles,  which  melt  at  about 
48°  C.  (109°  F.). 

The  laurates  of  the  alkali-metals  and  of  barium  are  soluble  in  water ;  the 
other  salts  are  insoluble  or  sparingly  soluble.  The  calcium  gait,  (CwHaO), 
Ca//,  is  resolved  by  distillation  into  calcium  carbonate  and  laurostearone : 


(C„HaO),(V'       = 

CO,Ca" 

+ 

C*H„0 

Calcium  laurate. 

Calcium 

Lauro- 

carbonate. 

Btearone. 

Xyristio  Aoid,  CHEffir—This  acid  occurs,  as  a  glyceride  in  nutmeg-but- 
ter and  Otoba  fat ;  also,  together  with  lauric  acid,  in  Dika  bread,  the  fruit 
of  Mangiftra  gabonensu,  an  African  tree;  and,  together  with  other  fatty 
acids,  in  cocoa-nut  oil  and  spermaceti.  It  may  be  produced  from  crude 
ethal  (cetyl  alcohol)  by  heating  with  a  mixture  of  potash  and  lime,  its  for- 
mation being  doubtless  due  to  the  presence  of  methal  or  myristic  alcohol  in 
the  crude  ethal  (p.  548)  : 

chh»0    +    KHO    =    CMHw0,K    +    2H, 
Methal.  Potassium 

myri8tate. 

Lauric  acid  is  likewise  produced  by  a  similar  process  from  crude  ethal, 
doubtless  because  that  substance  also  contains  lethal  or  laurio  alcohol, 
C,,H*0. 

Pure  myristic  acid  is  most  easily  obtained  by  saponification  of  Otoba  fat 
(from  Myriatiea  Otoba).  It  forms  white,  shining,  crystalline  laminse,  melt- 
ing at  53-8°  C.  (129°  F.).  It  is  quite  insoluble  in  water  and  in  ether,  but 
dissolves  easily  in  hot  alcohol,  and  crystallizes  therefrom  on  cooling. 

The  myristates  of  the  alkali-metals,  C14H2702K,  &c,  are  soluble  in  water, 
and  not  decomposed  thereby  (like  the  stearates).  The  other  myristates  are 
insoluble  or  sparingly  soluble,  and  are  obtained  by  precipitation. 

Myristic  oxide,  or  Anhydride,  (C]4H<.0)20,  is  obtained,  like  other  acid 
oxides  of  the  series,  by  the  action  of  phosphorus  oxychloride  on  potassium 
myristate.  It  is  a  fatty  substance,  having  a  somewhat  lower  melting  point 
than  myristic  acid.     It  is  slowly  saponified  by  boiling  caustic  potash. 

Myristin^  (C,H6)///(Cl4H290,).,  the  glyceride  of  myristic  acid,  is  obtained 
by  pressing  nutmegs  between  hot  plates,  exhausting  the  crude  fat  thus  ob- 
tained with  spirits  of  wine,  and  crystallizing  the  undissolved  portion  from 
boiling  ether.     It  is  a  crystalline  fat  having  a  silky  lustre. 

Palmitio  Acid,  CMHnOr — This  acid  occurs  as  a  glyceride  (tripalmitin)  in 
many  natural  fats,  often  associated  with  stearin.     Palm-oil,  the  produoe  of 

•  Sea  Watts'!  Dictionary  of  Chemistry,  vol.  1U.  p.  474. 


622  MONATOMIC  ACIDS,  CnH^Or 

Elais  gvianensis,  Chinese  tallow,  the  produce  of  the  tallow-tree  (StUtingia 
sebi/era),  and  Japan  wax,  from  Rhus  succedania,  consist  mainly  of  tripahnitin. 
Palmitic  acid  is  easily  prepared  by  saponifying  palm-oil  with  caustic  potash, 
decomposing  the  soap  with  sulphuric  acid,  and  crystallizing  the  separated 
fatty  acid  several  times  from  hot  alcohol  till  it  exhibits  a  constant  melting 
point.  Chinese  tallow  may  be  saponified  with  alcoholic  potash,  and  Japan 
wax  by  fusion  with  solid  potassium  hydrate,  and  the  soap  treated  in  a 
similar  manner. 

Palmitic  acid  exists  also  as  cetyl  palraitate  (cetin),  C16H8,0, .  CgHjp  in 
spermaceti,  and  as  myricyl  palmitate  (melissin),  CieHs,0,.  CwHet,  in  bees'- 
wax.  It  is  produced,  together  with  acetic  acid,  by  melting  oleic  acid  with 
potassium  hydrate: 


Oleic  acid. 

+ 

2K0H 

= 

c*Sflf 

+ 

C,HsO?K 
Acetic 

+ 

acid. 

acid. 

Palmitic  acid  is  a  colorless,  solid  body  without  taste  or  smell,  lighter 
than  water.  It  is  insoluble  in  water,  but  dissolves  abundantly  in  boiling 
alcohol  or  ether.  The  solutions  are  acid,  and  when  concentrated,  solidify 
in  a  mass  on  cooling.  When  dilute  they  yield  the  acid  in  tufts  of  slender 
needles.  It  melts  at  62°  C.  (144°  F.),  and  solidifies  on  cooling  in  a  mass 
of  shining  nacreous  laminae.  When  heated  in  a  dish,  it  boils  and  evapo- 
rates without  residue,  and  may  be  distilled  almost  without  change.  When 
gently  heated  in  the  air,  it  is  but  slightly  altered,  but  at  higher  tempera- 
tures it  takes  fire,  and  burns  with  a  bright  smoky  flame  like  other  fata.  It 
is  attacked  by  chlorine  at  100°,  giving  off  hydrochloric  acid,  and  forming 
oily  substitution-products.  Heated  with  alcohols,  it  forms  compound 
ethers. 

Palmitic  acid  forms  normal  'or  neutral  salts,  having  the  composition 
CISIIS|02M  for  univalent,  and  (C18HSlO,)aM//  for  bivalent  metals,  and  with 
the  alkali-metals  also,  acid  salts  analogous  to  the  acid  acetates.  The  normal 
palmitates  of  potassium  and  sodium  are  soluble  in  water  and  alcohol;  the 
rest  are  insoluble,  and  are  obtained  by  precipitating  a  metallic  salt  with 
an  alcoholic  solution  of  sodium  or  potassium  palmitate.  The  normal  potas- 
sium-salt, CwHai08K,  obtained  by  melting  the  acid  with  potassium  carbonate, 
and  exhausting  with  boiling  alcohol,  crystallizes  in  pearly  scales.  The 
acid  salt,  C,eHSl02K.CieHMOr  is  precipitated  on  mixing  a  solution  of  1  part 
of  the  normal  salt  in  20  parts  of  boiling  water  with  1000  parts  of  cold 
water.  The  barium-salt,  (C16H3,Oa)jBa//,  is  a  white,  pearly,  crystalline 
powder;  the  magnesium-salt,  (CwH81Ot)IMg//,  is  a  snow-white,  loose,  crys- 
talline precipitate. 

Ethyl  palmitate,  CMH,.Ot.C2H5,  obtained  by  passing  hydrochloric  acid 
gas  into  a  saturated  alcoholic  solution  of  palmitic  acid,  crystallizes  in 
prisms,  and  melts  at  24°  C.  (76°  F.). 

Glyceryl  palmitates,  or  Palmitins. — There  are  three  of  these  ethers — viz., 
monopalmitin,  (CsH6)/"(OH)2(CwH,10I),  dipalmiHn,  (CsH6)'"(OH)(CrtHtlO,)r 
and  tripalmitin,  (CsII«)///fCieHs|02)s.  The  first  and  second  are  obtained  oy 
heating  palmitic  acid  with  glycerin  in  sealed  tubes;  the  third  by  heating  a 
mixture  of  1  part  of  monopalmitin  and  10  parts  of  palmitic  acid  to  260°  C. 
(482°  F.)  for  twenty-eight  hours.  They  are  all  crystalline  fats.  Tri- 
palmitin thus  obtained  melts  at  46°  C.  (115°  F.).  Natural  palm i tin,  obtained 
from  palm-oil  and  other  fats,  has  the  composition  of  tripalmitin,  but  ex- 
hibits three  isomeric  (or  rather  allot ro pic)  modifications  (like  those  of 
stearin),  melting  respectively  at  46°,  61-7°,  and  62-8°  C.  (115°,  142°,  144° 
F.):  the  first  appears  to  be  identical  with  artificial  tripalmitin. 

Palm-oil  comes  chiefly  from  the  coast  of  Africa.  It  has  when  fresh,  a 
deep  orange-j^idHMsttHfeMreeable  odor:  the  coloring  matter — 
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the  nature  of  which  is  unknown — is  easily  destroyed  by  exposure  to  light, 
especially  at  a  high  temperature,  and  also  by  oxidizing  agents.  The  oil 
melts  at  27°  C.  (80°  F. ).  By  cautious  pressure  it  may  be  separated  into 
fluid  olein  and  solid  palmitin,  which,  when  purified  by  crystallization  from 
hot  ether,  is  perfectly  white.  By  keeping,  palm-orl  seems  to  Buffer  a  change 
similar  to  that  produced  by  saponification :  in  this  state  it  is  found  to  con- 
tain traces  of  glycerin  and  a  considerable  quantity  of  oleic  acid,  together 
with  palmitic  acid.  The  oil  becomes  harder  and  rancid,  and  its  melting 
point  is  raised  at  the  same  time. 

Kargario  Acid,  C(THMOr — This  name  was  formerly  applied  to  an  acid, 
intermediate  between  stearic  and  palmitic  acids,  supposed  to  be  produced, 
together  with  others,  by  the  saponification  of  natural  fats ;  but  it  is  now 
restricted,  for  reasons  to  be  presently  mentioned,  to  an  acid  prepared  by 
a  definite  reaction— Tiz.,  by  the  action  of  boiling  alcoholic  potash  on  cetyl 
cyanide: 

(V^CN      +      KOH      +      OH,      =      NHa      +      Cl7HM0,K 
Cetyl  Potassium 

cyanide.  margarate. 

The  solid  potassium  salt  thus  obtained  is  decomposed  by  boiling  dilute  hy- 
drochloric acid,  and  the  separated  margaric  acid  is  purified  by  precipitat- 
ing; its  ammoniacal  solution  with  barium  chloride,  decomposing  the  pre- 
cipitate with  hydrochloric  aoid  and  ether,  separating  the  ethereal  solution 
by  means  of  a  pipette,  and  distilling  off  the  ether.  It  forms  white  crystals, 
melting  at  59  9°  C.  (140°  F.),  and  is  intermediate  in  all  its  properties  be- 
tween palmitic  and  stearic  acids. 

The  so-called  margaric  acid,  obtained  by  the  saponification  of  natural 
fats,  and  regarded  by  Chevreul  *  and  many  other  chemists  as  a  distinct 
acid  having  the  composition  CnH%X)v  has  been  shown  by  Heintzf  to  be  a 
mixture,  resolvable  into  stearic  acid  and  other  fatty  acids  of  lower  melting 
points,  chiefly  palmitic  acid.  Such  mixtures  of  solid  fatty  acids,  or  of  the 
corresponding  glycerides,  cannot  be  completely  resolved  into  their  constit- 
uent fats  by  crystallization  from  alcohol,  ether,  or  other  solvents,  whioh 
was  the  method  of  separation  resorted  to  in  the  earlier  investigations. 
The  only  effectual  method  of  separation  is  to  subject  the  alcoholic  solution 
of  the  acids  to  a  series  of  fractional  precipitations  with  acetate  of  lead, 
barium,  or  magnesium,  the  stearate  then  separating  out  first. 

Stearic  Acid,  CuHMOr — This  acid  was  discovered  by  Chevreul  as  a  con- 
stituent of  the  more  solid  fats  of  the  animal  kingdom.  It  is  most  abun- 
dant in  these,  especially  in  beef-  and  mutton-suet ;  but  exists  also,  together 
with  palmitic,  myristio  acid,  &c,  in  the  softer  fats,  such  as  the  butter  of 
cow's-milk,  human  fat,  that  of  the  goose,  of  serpents,  of  cantharides,  and 
in  spermaceti.  It  occurs  also  in  vegetable  fats,  especially  those  of  cacao- 
beans,  of  the  berries  of  Cocculua  indicu*,  and  in  shea-butter,  obtained  from 
the  nuts  of  Bastia  Parkii,  a  tree  growing  in  West  Africa.  In  all  these  fats 
it  occurs  as  a  glyoeride,  but  in  that  of  cocculua  grains  also  in  the  free 
state. 

Stearic  acid  is  prepared  from  beef-  or  mutton-ruet,  or  better  from  cacao-fat, 
by  saponifying  the  fat  with  soda-lye,  heating  the  soap-paste  with  water 
and  dilute  sulphuric  acid,  removing  the  separated  fatty  acids  after  cooling, 
washing  them  with  water,  and  then  dissolving  them  in  as  small  a  quantity 
as  possible  of  hot  alcohol.  On  cooling,  the  greater  part  of  the  solid  acid 
separates  out,  while  the  oleic  aoid  remains  in  solution,  and  may  be  sepa- 

•  Recherche*  fur  lei  corpt  gran  aborigine  animate.    Paris,  1823. 

f  Vor  reference*  to  Heinta'f  memoir*,  ie«  Qmelia'f  Handbook,  vol.  xvi.  p.  343, 
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rated  by  subjecting  the  mass,  after  draining,  to  strong  pressure,  redisaolv- 
ing  the  residue  in  a  small  quantity  of  alcohol,  leaving  it  to  separate  by 
cooling,  and  again  pressing  the  solid  mass.  From  the  mixture  of  solid 
fatty  acids  thus  obtained,  the  stearic  may  be  separated,  in  a  comparatively 
pure  state,  by  repeated  crystalliiation  from  considerable  quantities  of 
alcohol,  only  the  portion  which  first  separates  being  each  time  collected. 
But  to  obtain  pure  stearic  acid,  it  is  belter  to  dissolve  the  impure  stearic 
acid  (4  parts),  melting  at  about  60°  G.  (140°  F  ),  in  such  a  quantity  of  hot 
alcohol  that  nothing  will  separate  out  on  cooling,  even  to  0°,  and  mix  the 
hot  liquid  with  a  boiling  alcoholic  solution  of  magnesium  acetate  (1  part). 
The  magnesium-Bait  which  separates  on  cooling,  is  pressed  and  boiled  for 
some  time  with  a  large  quantity  of  dilute  hydrochloric  acid,  and  the  stearic 
acid  thereby  separated  is  repeatedly  crystallized  from  alcohol,  till  it  melts 
constantly  at  69°  to  70°  C.  (156°-168°  F.). 

Stearic  acid  is  also  easily  prepared  from  the  fat  of  cocculus-berries, 
which  consists  mainly  of  stearin,  by  saponifying  it  with  potash,  &c.  Ac- 
cording to  Buff  and  Oudemanns,*  the  best  material  for  the  preparation  of 
stearic  acid  is  thea-butter,  which  contains  about  70  per  cent  stearic,  and  30 
per  cent,  oleic  acid,  but  no  other  solid  fatty  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manufacture 
of  stearin-candles,  by  saponifying  some  of  the  harder  fats,  generally  with 
lime.  The  resulting  lime-soap,  decomposed  by  sulphuric  acid,  yields  a 
mixture  of  fatty  acids,  which  are  pressed,  first  in  the  cold,  and  afterwards 
at  a  higher  temperature,  in  order  to  separate  the  oleic  acid  from  the  less 
fusible  palmitio  and  stearic  acids.  Another  method,  applied  chiefly  to 
palm-oil,  consists  in  decomposing  the  fat  with  superheated  steam,  as  de- 
scribed under  Glycerin  (p.  567).  A  third  method  consists  in  treating  the 
fat  with  sulphuric  acid,  and  distilling  the  product. 

Pure  stearic  acid  crystallizes  from  alcohol  in  nacreous  laminse  or 
needles ;  it  is  tasteless  and  inodorous,  and  has  a  distinct  acid  reaction.  At 
low  temperatures  it  is  heavier  than  water,  having  a  specific  gravity  of  1*01 
atO°;  but  between  9°  and  10°  C.  (48°-o0°  FA  its  specific  gravity  is  the 
same  as  that  of  water.  It  melts  at  69°-Q9-2?  C.  (156°  F.)  to  a  colorless 
oil,  which  on  cooling  solidifies  to  a  white,  fine,  scaly,  crystalline  mass, 
lamino-crystalline  on  the  fractured  surface.  When  heated  it  distils,  for 
the  most  part,  without  alteration.  Chlorine  converts  it  into  chloroetearic 
acid,  CjgHj.ClO,.  Heated  with  bromine  and  water  in  a  sealed  tube,  it  is 
converted  into  bromosteario  acid,  GjgH^BrO,,  and  dibromostearic  acid, 
CigHj^BrjOj. 

Stearates. — Stearic  acid  dissolves  in  a  cold,  aqueous  solution  of  alkaline 
carbonate,  probably  from  formation  of  acid  carbonate,  and  does  not  expel 
the  carbonic  acid  and  form  a  mono-acid  salt,  till  heated  to  about  100°.  On 
the  other  hand,  the  stearates  are  decomposed  by  most  other  acids,  the 
separated  stearic  acid  rising  to  the  surface  as  an  oil  when  the  liquid  is 
warm.  The  stearates  have  the  consistence  of  hard  soaps  and  plasters,  and 
are  mostly  insoluble  in  water.  The  normal  potassium-salt,  CwHM0,K,  sepa- 
rates on  cooling  from  a  solution  of  1  part  stearic  acid  and  1  part  potassium 
hydrate  in  10  parts  of  water,  in  white  opaque  granules.  The  acid  salt, 
CuHu03K .  GMHMOr  is  obtained  by  decomposing  the  normal  salt  with  1000 
parts  or  more  of  water,  and  separates  in  silvery  scales  from  solution  in 
boiling  alcohol.  Normal  sodium  stearate,  C,8Htt02Na,  is  very  much  like  the 
potassium-salt,  but  harder.  The  acid  salt,  C^H^OjNa.  C^H^O,,  obtained 
by  decomposing  the  normal  salt  with  2000  parts  or  more  of  water,  sepa- 
rates from  the  hot  solution  in  nacreous  laminae.  The  stearates  of  the 
earth-metals  and  heavy  metals  are  insoluble  in  water,  and  are  obtained  by 
precipitation. 

•  Journal  fur  pnktlsoh*  Ghent*  Ixxxis.  2U 
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-  Soaps  consist  of  mixtures  of  the  sodium  or  potassium-salts  of  stearic, 
palmitic,  oleic,  and  other  fatty  or  oily  acids,  and  are  produced  by  saponifying 
tallow,  olive  oil,  and  other  fats  with  caustic  alkalies.  The  soda-soaps  are 
called  hard  soaps :  they  separate  from  the  alkaline  liquor,  on  addition  of 
common  salt,  in  hard,  unctuous  masses,  which  are  the  soaps  in  common 
use :  this  mode  of  separation  is  called  sailing  out.  The  potash  soaps,  on 
the  other  hand,  cannot  be  thus  separated ;  for  on  adding  salt  to  their  solu- 
tion, they  are  decomposed  and  converted  into  soda-soaps ;  but  they  are  ob- 
tained in  a  semi-solid  state  by  evaporating  the  solution.  The  products, 
called  soft  soap,  always  contain  a  considerable  excess  of  alkali,  and  are  used 
for  cleansing  and  scouring  when  a  powerful  detergent  is  required. 

Stearic  ethers  are  formed  by  heating  stearic  acid  with  alcohols,  mon- 
atomic  or  polyatomic.  Ethyl  stearate,  CteHK0,  ..£aH5,  is  most  easily  obtained 
by  passing  hydrochloric  acid  gas  into  an  alcoholic  solution  of  stearic  acid. 
It  resembles  white  wax,  is  inodorous  and  tasteless,  melts  at  30°  C.  (86°  F.), 
and  cannot  be  distilled  without  decomposition.  It  is  readily  decomposed 
by  boiling  with  caustic  alkalies.  There  are  three  glyceryl  stearates  or  stearins, 
analogous  in  composition  to  the  palmitins:  Monostearin,  fCsH5)///(OH) 
(C,-H«0,),  prepared  by  heating  a  mixture  of  equal  parts  or  steario  acid 
and  glycerin  to  200°  C.  (392°  F.),  in  a  sealed  tube  for  86  hours,  forms  very 
small  white  needles,  melting  at  61°  C.  (142°  F.),  and  solidifying  again  at 
60°  C.  (140°  F.).—  Distearin,  (CaH6)"'OH(C18H-02).,  obtained  by  heating 
monostearin  with  8  parts  of  stearic  acid  to  z60°  0.  (600°  F. ),  for  three  hours, 
forms  white  microscopio  lamina,  melts  at  68°  C.  (136°  F.),  and  solidifies 
at  55°  C.  (181°  F.).  —  Tristearin  is  prepared  by  heating  monostearin  with  16 
to  20  times  its  weight  of  stearic  acid  to  270°  C.  (518°  F.),  for  three  hours 
in  a  sealed  tube ;  also  from  various  solid  natural  fats  by  solution  in  ether 
and  repeated  crystallization  from  the  hot  solution.  It  crystallizes  in  masses 
of  white  pearly  laminae  or  needles,  inodorous,  tasteless,  neutral,  and  vola- 
tilizing without  decomposition  under  reduced  pressure.  Both  natural 
and  artificial  tristearin  exhibit  three  isomeric  or  allotropio  modifications. 
Stearin,  separated  from  ether,  melts  at  69-7°  C.  (157°  F.) ;  but  if  heated  to 
73-7°  C.  (164°  F.),  or  higher,  and  then  cooled,  it  does  not  solidify  till  cooled 
to  51 -7°  C.  (124°  F.).  It  is  solid  below  62°  C.  (125°  F.),  but  nielts  at  that 
temperature,  and  if  heated  a  few  degrees  higher,  passes  into  a  third  modi- 
fication, which  does  not  melt  below  64-2°  C.  (148°  F.).* 

Arachidic  Acid,  C?QH40Ov  is  a  fatty  acid  obtained  by  saponification  of  oil 
of  earth-nut  (Araehis  hypogsea).  It  crystallizes  in  very  small,  shining  scales, 
melts  at  75° C.  (167°  F.),  and  solidifies  again  at  78-5aC.  (164°  F.),  to  a  ra- 
diated crystalline  mass.  It  is  but  slightly  soluble  in  cola  alcohol  of  ordi- 
nary strength,  but  dissolves  easily  in  boiling  absolute  alcohol  and  in  ether. 

The  silver-salt,  C9»HaB01Ag,  is  a  white  precipitate,  which  separates  from 
boiling  alcohol  in  slightly  lustrous  prisms,  not  altered  by  exposure  to  light. 
Ethyl  araehidate,  C^H^O,  •  CsHft,  is  a  crystalline  mass,  melting  at  52*5°  0. 
(126°  F.).  Berthelot  has  obtained  three  glyceryl  arachidates  or  arachms, 
analogous  to  the  stearins,  by  heating  the  acid  with  glycerin  in  sealed  tubes. 

Bailie  or  Behenic  Acid,  C^H^O,,  is  obtained,  together  with  other  acids, 
by  saponification  of  oil  of  ben,  the  oil  expressed  from  the  fruits  of  Mormga 
Nu%  Behen.  It  is  a  white  crystalline  fat,  melting  at  76°,  and  solidifying  at 
70°  C.  (168°  F.). 

Cerotic  Acid,  C^H^O,. — This  acid  is  the  essential  constituent  of  cerin,  the 
portion  of  bees'-wax  which  is  eoluble  in  boiling  alcohol.  It  is  prepared  by 
heating  the  wax  several  times  in  succession  with  boiling  alcohol,  till  the 

*2fctfV,  Ghem.  0oc.  Journal,  vol.  v.,  pp.  107, 903. 
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deposit,  which  forms  on  cooling,  melts  at  70°  or  72°  C.  (158°-162°  F.),  and 
may  be  further  purified  by  precipitating  it  from  the  boiling  alcoholic  solu- 
tion with  lead  acetate,  decomposing  the  precipitate  with  strong  acetic  acid, 
and  crystallizing  the  separated  acid  from  boiling  alcohol.  Cerotic  acid  is 
also  produced  by  the  dry  distillation  of  Chinese  wax,  which  consists  of 
ceryl  cerotate,  CnH—Oa .  C^H^,  or  by  melting  that  substance  with  potash, 
and  decomposing  the  resulting  potassium-salt  with  an  acid  (p.  543). 

Pure  cerotic  acid  crystallizes  in  small  grains,  melting  at  /8°C.  (172°  F.), 
and  distilling  without  alteration.  Chlorine  converts  it  into  chlorocerotic 
acid,  CwH42ClnOr  a  thick  transparent  gum  of  a  pale-yellow  color. 

Ceryl  cerotate,  or  Chinese  wax,  is  produced  on  certain  trees  in  China  by  the 
puncture  of  a  species  of  coccus.  It  is  crystalline,  of  a  dazzling  whiteness, 
like  spermaceti,  melts  at  82°  C.  (180°  F.) ;  dissolves  in  alcohol;  yields 
cerotic  acid  and  cerylene,  Cgyll^,  by  dry  distillation.  It  is  used  in  China 
for  making  candles. 

Xeliisic  Arid,  C^H^O,,  the  highest  known  member  of  the  fatty  series,  is 
obtained  by  heating  myricyl  alcohol  (p.  548)  with  potash  lime : 


Myricyl 
alcohol. 


KOH        = 


CgfHggOgK. 

Potassium 
melissate. 


2H, 


It  bears  considerable  resemblance  to  cerotic  acid,  but  melts  at  a  higher 
temperature,  viz.,  at  88°  or  89°  C.  (190°-192°  F.).  The  silver-salt,  CjoH^OjAg, 
is  a  white  precipitate. 


Xonatomio  Adds  of  the  Series  C,H, 


-Acrylic  Serial. 


This  series  comprises  two  isomeric  groups  of  acids :  the  one  consisting 
of  acids  occurring  in  the  vegetable  or  animal  organism,  or  obtained  from 
natural  products  by  special  processes ;  the  other  of  acids  formed  by  a  gen- 
eral synthetical  process:  we  shall  designate  the  acids  of  the  first  group  as 
normal  acrylic  adds,  those  of  the  second  as  isoacrylic  acids. 

Normal  Acrylic  Acids. 
The  following  are  the  known  acids  of  this  group: 


Acrylic  acid    . 
Crotonic  acid 
Angelic  acid    . 
Pyroterebic  acid . 

?  Damaluric  acid 

?  Damolic  acid 
Moringic  acid  \ 
Cimioio  acid    / 


Phy  set  oleic  acid 
Hypogaeic  acid 
Gaidic  acid 
Oleic  acid    1 
Klaidic  acid  J 
Docglic  acid 
Brassic  acid  \ 
Erucic  acid  / 


C^H^O, 


Most  of  these  acids  are  oily  liquids.  When  fused  with  potassium  hydrate, 
they  yield  the  potassium-salt  of  acetic  and  of  another  acid  of  the  fatty 
series,  with  elimination  of  hydrogen,  thus : 


C,H408 

Acrylic 

acid. 


C6H80,       + 
Angelic 
acid. 


+    2KOH    = 


C,H8KO, 
Acetate. 


CHKO, 
Formate. 


+    H8 


2KOH 


=    C,H,KO, 
Acetate. 


Propionate. 


ACRYLIC  —  CBOTONIC — ANGELIC   ACID.  627 

ci8HM°«     +    2K0H    =    C,H8KO,    +       C16H81KO,       +     H, 
Oleic  acid.  Acetate.  Palmitate. 

Generally : 

C.H^O,    +    2KOH    ==    Cj^KO,    +   C^H^RO,    +    Hf 

They  are  also  converted  into  fatty  acids  by  the  action  of  nascent  hydrogen ; 

C4H60,       +        H,        a        C4H80, 

Crotomo  Butyric 

acid.  acid. 

Acrylic  Acid,  C8H4Or  is  produced  by  the  oxidation  of  its  aldehyde,  acro- 
lein, CsH40,  with  moist  silver  oxide.  It  is  a  colorless  liquid,  having  a 
slightly  empyreumatic  odor,  and  miscible  in  all  proportions  witn  water. 
Its  salts  resemble  the  formates  and  acetates,  and  are  for  the  most  part  very 
soluble  in  water. 

Acrylic  acid  is  converted  by  nascent  hydrogen  into  propionic  acid, 
CsH#Or  and  by  bromine  into  dibromopropionic  acid,  C8H4Br,Or 

Crotonic  Acid,  C4HnO»,  is  produced  by  saponification  of  the  oil  of  Croton 
TigUum,  It  is  an  oily  liquid,  having  a  somewhat  pungent  odor  and  an  acrid 
taste,  moderately  soluble  in  pure  water,  insoluble  in  saline  water.  Heated 
with  potassium  hydrate  it  gives  off  hydrogen  and  forms  two  molecules  of 
potassium  acetate : 

CAO,       +        2KOH       B       2C,H8KO,       +        Hr 

Angelic  Acid,  C6H8Or  exists  in  the  root  of  the  archangel  {Angelica  arch' 
angelica),  and  in  sumbul  or  moschus  root,  a  drug  imported  from  Asia  Minor, 
and  probably  also  belonging  to  an  umbelliferous  plant.  It  is  obtained  from 
archangel-root,  by  boiling  the  root  with  lime  and  water,  and  distilling  the 
strained  and  concentrated  liquid  with  dilute  sulphuric  acid.  It  is  also  pro- 
duced by  heating  the  essential  oil  of  chamomile,  which  consists  of  angelic 
aldehyde  together  with  a  hydrocarbon,  with  potassium  hydrate : 

CftH80        +        KOH        =        CTHtKOt        +        Hr 

Also,  together  with  oreoselin,  by  treating  peucedanin  or  imperatorin  (a 
neutral  substance  contained  in  the  root  of  Imperatoria  OetrutMum,  and  some 
other  umbelliferous  plants),  with  alcoholic  potash : 


C„H,,Ot        +        KOH        =        C6H7K08        +        CTH608 
Peucedanin.  Potassium  Oreoselin 

angelate. 


Angelic  acid  crystallizes  in  long  prisms  and  needles,  melts  at  45°  C.  (113° 
F.)f  boils  at  190°  C.  1374°  F.),  and  distils  without  decomposition.  It  has 
an  aromatic  taste  ana  odor,  dissolves  sparingly  in  cold,  abundantly  in  hot 
water,  also  in  alcohol  and  ether. 

The  angelates  of  the  alkali-metals  are  soluble  in  water  and  in  alcohol. 
Calcium  angelate,  (C5H7Os)2Ca//.  Aq.,  forms  shining,  very  soluble  laminae. 
The  lead-tali,  (C^HjO^Pb",  is  a  white  precipitate. 

Potassium  angelate  treated  with  phosphorus  oxy chloride  yields  angelic 
oxide,  or  anhydride,  (CBH70).0,  which  is  a  viscid  uncrystallizable  oil,  boil- 
ing at  240°  C.  (464°  P.). 

PyroUrebic  acid,  CeHI0O,,  is  produced  by  dry  distillation  of  terebic  acid, 
CTHM04  (one  of  the  products  of  the  action  of  nitric  acid  on  turpentine  oil). 
It  is  a  liquid,  boiling  at  210°  C.  (410°  F.).  —  Damaluric  acid,  CTHuCr  and 
DamoKc  acid,  CuHMOy  are  volatile  acids,  said  to  exist  in  the  urine  of  now* 
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and  horses. — Moringie  acid,  C^H^O,,  is  an  oily  acid  obtained,  together  with 
palmitic,  stearic,  and  benic  acids,  by  the  saponification  of  oil  of  ben  (p. 
625).  —  Cimicie  acid  is  a  yellow  crystallizable  acid,  having  a  rancid  odor, 
extracted  by  alcohol  and  ether  from  a  kind  of  bug  {Raphigaster  puncti- 
pennis). 

Hypogztie  Acid,  C„H>!>Or  is  contained,  as  a  glyceride,  together  with  pal- 
mi  tin  and  arachin,  in  oil  of  earth-nut  (Arachis  hypogiea).  To  obtain  it,  the 
mixture  of  fatty  acids  obtained  by  saponifying  the  oil,  is  dissolved  in  alco- 
hol; the  palmitic  and  arachidic  acids  are  precipitated  by  ammonia  and 
magnesium  acetate;  the  filtrate  is  mixed  with  ammonia  and  lead  acetate; 
the  lead  precipitate  is  decomposed  by  hydrochloric  acid ;  and  the  separated 
hypognic  acid  is  dissolved  out  by  ether.  It  is  also  produced  by  oxidation 
of  axinic  acid  (CuHtfOA  an  acid  obtained  by  saponification  of  age  or  oxt'n, 
a  fatty  substance  contained  in  the  Mexican  plant  Coccus  Axin.  —  Hypogseio 
acid  crystallizes  from  ether  in  stellate  groups  of  needles,  melting  at  34°  or 
36°  G.  (98°-95°  F.),  easily  soluble  in  alcohol  and  ether.  Its  potassium  and 
sodium  salts  are  soluble  in  water,  the  barium  salt  is  soluble  in  hot,  insoluble 
in  cold  water ;  the  copper  and  silver  salts  are  obtained  by  precipitation. 
The  ethylic  ether,  Cl$UnOt.  CtHft,  is  a  yellow  oil,  not  volatile  without  decom- 
position. 

Nitrous  acid  converts  hypogseic  acid  into  the  isomeric  or  allotropic  com- 
pound, Gaidic  acid,  related  to  it  in  the  same  manner  as  elaidic  acid  to  oleic 
acid.     It  forms  a  colorless  crystalline  mass  which  melts  at  38°  C.  (100°  F.J. 

Physetoleic  acid,  a  crystalline  acid  obtained  from  sperm-oil,  is  isomeric,  if 
not  identical,  with  hypogseic  acid ;  it  melts  at  80°,  and  solidifies  at  28°  C. 
(82°  F.). 

Oleic  Acid,  C,gHMOr  —  This  acid,  the  most  important  of  the  series,  is  ob- 
tained by  saponification  of  olein,  the  fluid  constituent  of  most  natural  fats 
and  fixed  oils. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash ; 
the  soap  is  decomposed  by  tartaric  acid ;  and  the  separated  fatty  acid,  after 
being  washed,  is  heated  for  some  hours  in  the  water-bath,  with  half  its 
weight  of  lead  oxide  previously  reduced  to  fine  powder.  The  mixture  is 
then  well  shaken  up  with  about  twice  its  bulk  of  ether,  which  dissolves  the 
oleate  of  lead  and  leaves  the  stearate ;  the  liquid  after  standing  for  some 
time  is  decanted  and  mixed  with  hydrochloric  acid;  the  oleic  acid  thereby 
eliminated  dissolves  in  the  ether,  and  the  ethereal  solution,  which  rises  to 
the  surface  of  the  water,  is  decanted,  mixed  with  water,  and  freed  from 
ether  by  distillation. 

Large  quantities  of  crude  oleic  acid  are  now  obtained  in  the  manufacture 
of  stearin-candles,  by  treating  with  dilute  sulphuric  acid  the  lime-soap 
resulting  from  the  action  of  lime  upon  tallow.  The  fatty  acids  resulting 
from  the  decomposition  are  washed  with  hot  water,  and  solidify  in  a  mass 
on  cooling ;  and  this  mass,  when  subjected  to  pressure,  yields  a  liquid  rich 
in  oleic  acid,  but  still  retaining  a  considerable  quantity  of  stearic  acid. 
After  remaining  for  some  time  in  a  cold  place,  it  deposits  a  quantity  of 
solid  matter,  and  the  liquid  decanted  from  this  is  sent  into  the  market  as 
oleic  acid  or  red  oil.     It  may  be  purified  by  the  process  just  described. 

Oleic  acid  crystallizes  from  alcoholic  solution  in  dazzling  white  needles, 
melting  at  14°  C.  (57°  F.)  to  a  colorless  oil,  which  solidifies  at4°C.  (39°  F.) 
to  a  hard,  white  crystalline  mass,  expanding  considerably  at  the  same  time. 
Specific  gravity  =  0-808  at  19°  C  (66°  F.).  The  acid  volatilizes  in  a  va- 
cuum without  decomposition.  It  is  tasteless  and  inodorous,  and  reacts  neu- 
tral when  unaltered  (not  oxidized),  also  in  alcoholic  solution.  It  is  insoluble 
in  water,  very  soluble  in  alcohol,  and  dissolves  in  all  proportions  in  ether. 
Cold  strong  sulphuric  acid  dissolves  it  without  decomposition.     It  dissolves 
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solid  fats,  stearic  acid,  palmitic  acid,  &c,  and  is  dissolved  by  bile,  with 
formation  of  a  soap  and  strong  acid  reaction. 

Oleic  acid,  in  the  solid  state,  oxidizes  but  slowly  in  the  air ;  but  when 
melted,  it  rapidly  absorbs  oxygen,  acquiring  a  rancid  taste  and  smell  and 
a  decided  acid  reaction.  Its  decomposition  by  fusion  with  potash  has  been 
already  mentioned.  Chlorine  and  bromine,  in  presence  of  water,  convert  it 
into  dichloroleic  and  dibrom oleic  acid.  Bromine,  added  by  drops  to  fused 
oleic  acid,  forms  tribrom oleic  acid,  CuHSIBr,0^. 

8trong  nitric  add  attacks  oleic  acid  with  violence,  giving  off  red  nitrons 
vapors,  and  producing  volatile  acids  of  the  series  CnH^O,,  viz.,  acetic,  pro- 
pionic, butyric,  valeric,  caproic,  oenanthylic,  caprylio,  pelargonic,  and  rutio 
acids;  also  fixed  acids  of  the  series  CBHsn_40p  viz.,  suberic,  pimelic,  adipio, 
lipic,  and  azelaic  acids,  the  number  and  proportion  of  these  products  vary- 
ing with  the  duration  of  the  action. 

Nitron*  acid  converts  oleic  acid  into  a  solid  isomeric  or  allotropic  modifi- 
cation, called  da'idic  acid, 

OUala.—  The  formula  of  the  neutral  oleates  isC^H^O-M,  or  (CIgH8S0,)3M"f 
according  to  the  equivalence  of  the  metal ;  there  are  likewise  acid  oleates. 
The  neutral  oleates  of  the  alkali-metals  are  soluble  in  water,  and  not  so  com- 
pletely precipitated  from  their  solutions  by  the  addition  of  another  soluble 
salt,  as  the  stearates  and  palmitates.  The  acid  oleates  are  liquid  and  in- 
soluble in  water.  The  oleates  dissolve  in  cold  absolute  alcohol  and  in 
ether,  a  property  by  which  they  may  be  distinguished  and  separated  from 
the  stearates  and  palmitates. 

Olein*.  — Oleic  acid  forms  three  glycerides,  viz.,  monolein,  (C8H6)///(OH) 
(C*H„0?);  diolein,  (C1H.)^(OH)(CMHttO,)s;  and  triolein,  (C,H6)^(C18H88 
Os),,  which  are  produced  by  heating  oleio  acid  and  glycerin  together  in 
sealed  tubes  in  various  proportions.     The  first  two  solidify  at  about  15°. 

The  olein  of  animal  fats,  and  of  olive  oil  and  several  other  oils,  both  ani- 
mal and  vegetable,  which  do  not  dry  up  in  the  air  by  slow  oxidation,  but 
are  converted  into  viscid  masses  having  a  rancid  odor  and  acid  reaction 
(non-drying  oils},  appears  to  be  identical  with  triolein,  but  there  is  great 
difficulty  in  obtaining  it  pure.  Olive  oil,  cooled  to  4°  C.  (89°  F.)  or  a  lower 
temperature,  deposits  a  large  quantity  of  solid  fat,  consisting  mainly  of 
palmitin  (originally  called  margarin,  from  its  pearly  lustre),  and  the  oil 
filtered  therefrom  consists  mainly  of  olein.  A  purer  olein  is  obtained  by 
treating  olive  oil  with  a  cold  strong  solution  of  caustic  soda,  which  saponi- 
fies the  solid  fats,  and  leaves  the  olein  unaltered.  Olein,  subjected  to  dry 
distillation,  yields  gaseous  products,  liquid  hydrocarbons,  acrolein,  and 
sebic  acid. 

Some  non-drying  oils  contain  the  glycerides  of  acids  homologous  with 
oleic  acid;  such  is  the  case,  as  already  observed,  with  croton-oil,  earth-nut 
oil,  and  sperm-oil.  Doegling  train-oil,  obtained  from  the  doegling  or  bottle- 
nosed  whale  (Balcena  rostrata),  yields  doeglic  acid,  Cj^HjgO,.  Colza-oil,  ob- 
tained from  the  seeds  of  certain  species  of  Bratrica,  especially  the  summer 
rape  or  colza,  Brassica  campestris,  var.  oleifera,  yields  braanc  acid,  C„H4202 ; 
and  the  oil  of  black  mustard-seed  yields  a  similar  and  probably  identical 
acid,  called  crude  acid. 

Drying  oils,  such  as  linseed  and  poppy  oils,  and  castor-oil  which  is  a 
non-drying  oil,  contain  the  glycerides  of  acids  belonging  to  other  series, 
which  will  be  noticed  hereafter. 


Iso-acrylic  Acid*. 

Acids  isomeric  with  the  natural  acrylic  acids  are  produced  by  abstraction 
of  the  elements  of  water  from  certain  acid  ethers,  having  the  composition 
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of  oxalic  acid  in  which  one  atom  of  oxygen  is  replaced  by  two  equivalent* 
of  an  alcohol-radical  of  the  series,  CB  H^+i : 

CH,  CH,CHf  CHjCH, 

HO— C=0       HO— C— CHt       HO— C— C^       HO— C— CH^CH, 

HO— C=0       HO— C=0  HO— C=0  HO— fc=0 

Oxalic  acid.    Dimethoxalio  Ethometh-  Diethoxalio 

acid.  oxalic  acid.  acid. 

Now,  when  the  ethylic  ethers  of  these  acids  are  treated  with  phosphoric 
oxide  or  phosphorus  trichloride,  they  give  up  a  molecule  of  water  (OH,), 
at  the  expense  of  one  of  the  molecules  of  hydroxy  1  (OH)  and  an  atom  of 
hydrogen  abstracted  from  one  of  the  monad  alconol-radicals,  which  is 
thereby  converted  into  a  dyad  radical  (an  olefine)  capable  of  saturating  the 
unit  of  equivalence  of  the  carbon-atom  set  free  by  abstraction  of  the  hy- 
droxyl.     The  product  is  the  ethylic  ether  of  an  iso-acrylic  acid ;  thus, 

CH, 

HO— C— CH§  HfC=C— CH, 

H5C,0— C=0  *       ~~       H5CsO— C=0 

Ethylic  dimeth-  Ethylic  methyl- 

oxalate.  acrylate. 

The  ethylic  ether  thus  formed  is  converted  into  methacrylic  acid  by  saponi- 
fication with  potash  in  the  usual  way.  In  this  manner  the  following  iso- 
acrylic  acids  have  been  obtained : 

qCH^CH,)" 
Methacrylic  acid  ...  I  isomeric  with  Crotonio  acid 

OCT- 


COOH 

C(CH,)(C,H4)// 

COOH 
C(C,H,)(C,H4)" 

COOH 


Methylcrotonic  acid.  I  "  Angelic  acid 

CC™ 

C( ., 
Ethylcrotonic  acid .  .  I  "  Pyroterebic  acid 

CC 


The  actual  formation  of  the  ethers  of  these  acids,  by  the  action  of  phos- 
phoric oxide  and  phosphorous  chloride  on  the  oxalic  compounds  above 
mentioned,  takes  place  in  the  manner  shown  by  the  following  equations: 

C(OH)(CH8)(C,H§)  CfCHjXC.HJ" 

I  +  P,0,  =     I                        +    2PO.H 

COOC,H5  A00C,H6 

Ethylic  ethometh-  Phosphoric    Ethylic  methyl-   Metaphos- 

oxalate.  oxide.             crotonate.        phoric  acid. 

C(OH)(C1Hi)i  qC.H.XC.HJ" 

8  1  +     2PClt=8|                        +    P/VfeHCl 

COOC,HB  COOC.H, 

Ethylic  dieth-  Phosphor-          Ethylic                     Phosphor- 

oxalate.  ous  chloride,     ethyl-crotonate.             ous  acid. 

The  iso-acrylic  acids,  when  fused  with  potassium  hydrate,  are  converted, 
like  the  normal  acrylic  acids,  into  two  acids  of  the  acetic  series.  The  dyad 
radical  of  the  iso-acrylic  acid  is  displaced  by  two  atoms  of  hydrogen  de- 
rived from  two  molecules  of  potassium  hydrate  (2KOH),  and  enters  into 
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combination  with  two  atoms  of  oxygen;  and  at  the  same  time  the  two 
atoms  of  potassium  displace  the  basic  hydrogeu-atoms  of  the  two  acids  thus 
produced,  converting  them  into  potassium-salts,  and  expelling  the  hydro- 
gen as  gas;  thus: 

C(CH,)"CH§  CH,CH,  H 

I  +    2KOH  =|  +    I  +    H, 

COOH  COOK  COOK 

Methacrylic  Propionate.        Formate. 

acid. 

C(C,H4)"CH.  CH,CH,  CH, 

I  +  2KOH  =1  +    I  +    H, 

<JOOH  COOK  COOK 

Methyl-cro-  Propionate.        Acetate, 

tonic  acid. 

C(C,H4)"C,H,  CH,C,H,    CH, 

I         +  2KOH  =1  +|     +  H, 
COOH                COOK      COOK 

Ethyl-cro-  Butyrate.  Acetate. 

tonic  acid. 

The  normal  acrylic  acids  are  decomposed  by  potash  in  a  similar  manner, 
yielding  two  acids  of  the  series,  Cn  HtoO, ;  but  one  of  these  is  always  acetic 
add.     Hence  it  is  inferred  that  they  nave  a  constitution  represented  by 

C(CBHta)"H 
the  formula  I  ,  and  that  their  decomposition  by  potash  is  rep* 

COOH 
resented  by  the  equation : 
C(CH„)"H 

i00H  +    ^    "     i-     +       L"  +    H« 

Iso-acrylio 
acid. 

The  formuliB  of  the  individual  acids  are  as  follows : 

CH(CH,)"    CH(C,H4)"    CH(C,He)"    CH(C4H8)"       CH(CIeHM) 

COOH  COOH  COOH  COOH         "  *  "  COOH 

Acrylic.        Crotonio.         Angelic.       Pyroterebic.  Oleic. 

It  is  easily  seen  from  these  formal©  that  crotonic  acid,  when  decomposed 
by  an  alkali,  must  yield  two  molecules  of  acetic  acid ;  and  that  the  other 
acids  above  formulated  must  yield  acetic  acid  together  with  formic,  pro- 
pionic, butyric,  and  palmitic  acids  respectively. 

An  acid' isomeric  with  crotonic  acid,  and  differing  from  methacrylic  acid, 
has  been  obtained  by  boiling  allyl  cyanide  with  caustic  potash : 

C,H6CN    +    KOH    +     OH,    ==    NH,    +    C4H5KO, 

CH(CH,)" 

Frankland  assigns  to  this  acid  the  composition  CH, 

COOH 

There  is  also  an  acid  called  campholie  acid,  C,0H^Or  produced  by  heating 
common  camphor,  C]0HMO,  with  potassium  hydrate.  It  cannot  be  included 
in  either  of  the  series  of  acrylic  acids,  inasmuch  as  it  does  not  exhibit  the 


CH, 

Ca.|H^_1 

COOH 

+ 

COOH 

Acetic 

Homologue  of 

acid. 

aoetio  acid. 
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reactions  of  either.  It  in  a  white  crystalline  body,  insoluble  in  water, 
soluble  in  alcohol  and  ether,  decomposed  by  distillation  with  phosphoric 
oxide,  into  carbon  monoxide,  water,  and  campholene,  CJ1W 


Monatomio  Adds  belonging  to  the  series  CnU^^  fiy  or  C.Hj^OtOH). 

Only  three  acids  of  this  series  are  known,  vii. :  sorbic  and  parasorbie 
acids,  both  having  the  composition  C.H8Or  and  camphie  acid,  CuE.^fir 

Parasorbie  acid  is  a  volatile  oily  acid  obtained  from  mountain-ash  berries; 
torh'te  add  is  a  crystallisable  acid  produced  from  it  by  gentle  heating  with 
solid  potash,  or  boiling  with  Btrong  hydrochloric  acid;  it  melts  at  134*5° 
C.  (274°  F.),  volatilises  without  decomposition,  and  decomposes  carbonates. 

Camphie  add,  CwH-Or  is  obtained,  together  with  the  corresponding  alco- 
hol, camphol  (p.  646),  by  heating  common  camphor  with  alcoholic  soda- 
solution  in  sealed  tubes  to  170°-190°  C.  (838°-374°  F.). 

20,011,/)    +    OH,    =    CwHnO    +    CI0Hl6O, 
Camphor.  Camphol.  Camphie 

acid. 

By  neutralizing  the  resulting  alkaline  solution  with  sulphuric  acid,  dis- 
solving out  the  sodium  cam pb ate  with  alcohol,  evaporating,  and  again  adding 
sulphuric  acid,  the  camphie  acid  is  obtained  as  a  solid  mass  heavier  than 
water,  insoluble  therein,  easily  soluble  in  alcohol.  The  potassium  and 
sodium  salts  are  insoluble  in  strong  alkaline  lyes.  They  precipitate  the 
salts  of  copper,  iron,  silver,  and  sine,  not  those  of  the  alkali-metals ;  all 
the  precipitates  are  soluble  in  a  large  quantity  of  water. 


Xonatomio  Aeid  belonging  to  the  series  C„H^_fOr 

Hydrobtnzoie  acid,  CTH10GL,  or  CtHftO(OH).* — This  acid,  corresponding 
to  the  unknown  alcohol,  C7HuO,  is  formed,  together  with  other  products, 
by  the  action  of  sodium  amalgam  on  benzoic  acid: 

C,H.O,        +        2H,       =        C,H  Ot 
Benzoic  Hydroben- 

acid.  zoic  acid. 

It  is  more  easily  obtained,  however,  by  boiling  hydrobenzylurie  acid  (a 
product  of  the  decomposition  of  hippurio  acid  by  sodium  amalgam)  with 
alkalies  in  a  close  vessel : 

CieH?lN04    +    OH,    =    C,H5NO,    -f    CTH80    +    CTHl0O, 

Hydrobenzyl-  Glycocine.         Benzyl         Hydroben* 

uric  acid.  alcohol.         zoic  acid. 

It  is  a  crystalline  acid,  forming  a  crystalline  calcium  salt,  (C7H90.)?Ca, 
and,  when  recrystallized  either  in  the  free  state  or  in  the  form  of  calcium 
salt,  is  ultimately  converted  by  oxidation  into  benzoic  acid.  Its  ethylio 
ether,  C7HfO, .  C2H6,  has  the  odor  of  ethyl  valerate. 

•  M.  Hermann,  Ann.  Ch.  Phnnn.  exxxii.  75.  —2?.  Otto,  ibid,  exxarir.  303. 


BENZOIC   ACID.  633 


llonatomio  Adds  belonging  to  the  series  C^Hj^O,.— Aromatic  Aeidi. 

These  acids  are  produced  by  some  of  the  processes  which  yield  the  fatty 
acids,  Yix. — 1.  By  the  oxidation  of  the  corresponding  aldehydes  and  primary 
alcohols:  thus  benzoic  acid,  C7H80~  is  formed  by  oxidation  of  benzoic 
aldehyde,  CTH60,  and  of  benzylic  alcohol,  C7H80. — 2.  By  the  action  of 
water  on  the  corresponding  acid  chlorides.  —  8.  By  the  action  of  alkalies 
on  the  cyanides  of  aromatic  alcohol-radicals. 

They  are  likewise  obtained :  4.  By  the  simultaneous  action  of  sodium  and 
carbon  dioxide  on  the  mbnobrominated  derivatives  of  the  aromatic  hydro- 
carbons :  thus, 

CsHBBr    +    Na    +    CO,    ==    NaBr    +    C,H6NaO, 
Bromo-  Sodium 

benzene.  benzoate. 

5.  Certain  aromatic  acids  are  produced  by  the  oxidation  of  hydrocar- 
bons homologous  with  benzene. 

The  known  acids  of  this  series  are : 

Benzoic  acid,  C7H«Or 

Toluic  and  Alpha-toluic  acids,  C,HtOr 

Xylic  and  Alpha-xylic  acids,  C,H10Or 

Cumic  acid,  C10H,2O„  homologous  wilh  toluic  acid. 

Alpha-cymic  acid,  <5UHM0„  homologous  with  alpha-toluic  acid. 

Benxoic  Acid,  C7HeO,  =  C7ILO(OH).— This  acid  is  the  analogue  of  ben- 
zylic alcohol,  and  is  produced  from  it  by  oxidation  with  aqueous  chromic 
acid: 


CeH5.CH,OH 

+ 

o, 

=r 

OH, 

+ 

C,H6.COOH 

Benzyl  al- 

Benzoic 

cohol. 

acid. 

It  is  also  formed  by  oxidation  of  benzoic  aldehyde,  C7HeO  (bitter-almond 
oil),  in  presence  of  platinum  black,  or  with  nitric  acid. 

It  may  be  produced,  direotly  from  benzene,  by  acting  upon  that  com- 
pound in  the  state  of  vapor  with  carbonyl  chloride  (phosgene  gas)  whereby 
it  is  converted  into  benzoyl  chloride,  and  decomposing  this  chloride  with 
water: 

CeHs     +     coo,     ==     Ha     +     C7H50C1 

Benzene.         Carbonyl  Benzoyl 

chloride.  chloride. 

CTH,0C1        +        OH,       =        HC1        +        C,H,0(0H) 
Benzoyl  Benzoic 

chloride.  acid. 

Fourthly,  it  is  obtained  by  boiling  hippnrio  acid  (or  the  urine  of  cows 
or  horses  which  contains  that  acid)  with  hydrochloric  acid.  The  hippurio 
acid,  C9HtNOf,  which  has  the  composition  of  benzoyl-glycocine,  then  takes 
up  a  molecule  of  water,  and  is  resolved  into  glycocine  (p.  614)  and  benzoio 
acid: 

C.H4(C7H50)NO,    -f    OH,    =    C,HBN0s    -f    CTH60, 
Hippuric  acid.  Olycocine.  Benzoic 

acid. 

This  process  is  applied  to  the  preparation  of  benzoic  acid  on  the  large 
scale. 
Benzoic  acid  is  also  produced  by  the  oxidation  of  a  great  variety  of  or* 
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ganio  bodies,  as  cumene,  cinnamic  aldehyde,  cinnamic  acid,  cinnamene, 
casein,  gelatin,  &c. 

Benzoic  acid  exists  ready  formed  in  large  quantity  in  several  balsams 
and  gum-resins,  especially  in  gum-benzoin,  a  resin  which  exudes  from 
the  bark  of  Styrax  benzoin,  a  tree  growing  in  Sumatra,  Java,  Borneo,  and 
Siam.  When  this  substance  is  exposed  to  a  gentle  heat  in  a  subliming  ves- 
sel, the  benzoic  acid  is  volatilised,  and  may  be  condensed.  The  simplest 
and  most  efficient  apparatus  for  this  and  all  similar  operations  is  the  con- 
trivance of  Dr.  Mohr :  it  consists  of  a  shallow  iron  pan,  over  the  bottom 
of  which  the  substance  to  be  sublimed  is  thinly 
Jty.lM.  spread;  a  sheet  of  bibulous-  paper,  pierced  with  a 

number  of  pin-holes,  is  then  stretched  over  the  ves- 
sel, and  a  cap  made  of  thick,  strong  drawing  or  car- 
tridge-paper, is  secured  by  a  string  or  hoop  over  the 
whole.  The  pan  is  placed  upon  a  sand-bath,  and 
slowly  heated  to  the  requisite  temperature ;  the  va- 
por of  the  acid  condenses  in  the  cap,  and  the  crystals 
are  kept  by  the  thin  paper  diaphragm  from  falling 
back  again  into  the  pan.  Benzoic  acid  thus  obtained 
assumes  the  form  of  light,  feathery,  colorless  crys- 
tals, which  exhale  a  fragrant  odor,  not  belonging  to 
the  acid  itself,  but  due  to  a  small  quantity  of  volatile 
oil.  A  more  productive  method  ef  preparing  the  acid  is  to  mix  the  pow- 
dered gum-benzoin  very  intimately  with  an  equal  weight  of  slaked  lime, 
boil  this  mixture  with  water,  and  decompose  the  filtered  solution,  concen- 
trated by  evaporation  to  a  small  bulk,  with  excess  of  hydrochloric  acid ; 
the  benzoic  acid  crystallizes  out  on  cooling  in  thin  plates,  which  may  be 
drained  upon  a  cloth  filter,  pressed,  and  dried  in  the  air.  By  sublimation, 
which  is  then  effected  with  trifling  loss,  the  acid  is  obtained  perfectly 
white. 

Benzoic  acid  is  inodorous  when  cold,  but  acquires  a  faint  smell  when 
gently  warmed:  it  melts  just  below  121°  C.  (250°  F.),  and  sublimes  at  a 
temperature  a  little  above ;  it  boils  at  249°  C.  (480°  F.),  and  emits  a  vapor 
of  the  density  of  4-27.  It  dissolves  in  about  200  parts  of  cold  and  25  parts 
of  boiling  water,  and  with  great  facility  in  alcohol.  Benzoic  acid  is  not 
affected  by  ordinary  nitric  acid,  even  at  boiling  heat ;  but  with  fuming  nitric 
acid  it  forms  a  substitution-product. — Chlorine  also  acts  on  benzoic  acid, 
forming  substitution-products. — Phosphorus  pentachloride  converts  it  into 
benzoyl  chloride,  C7H50C1. — Benzoic  acid  dissolves  in  ordinary  strong  sul- 
phuric acid,  but  is  precipitated  unaltered  on  addition  of  water.  By  fuming 
sulphuric  acid,  however,  and  still  more  readily  by  sulphuric  oxide,  it  is 
converted  into  sulphobenzoic  acid,  CjHfSO.,  a  bibasic  acid  to  be  described 
hereafter.  By  nascent  hydrogen  (evolved  by  sodium-amalgam)  it  is  partly 
reduced  to  benzoic  aldehyde  and  benzylic  alcohol,  and  is  partly  converted, 
by  addition  of  hydrogen,  into  hydrobenzoic  acid,  C7H,0O,  (p.  682). 

All  the  benzoates  are  more  or  less  soluble  :  they  are  easily  formed,  either 
directly  or  by  double  decomposition.  The  bemoates  of  the  alkalies  and  of  am- 
monia are  very  soluble,  and  somewhat  difficult  to  crystallize.  —  Calcium  ben- 
zoate forms  groups  of  small  colorless  needles,  which  require  20  parts  of 
cold  water  for  solution.  The  barium  salts  are  soluble  with  difficulty  in  the 
cold.  Neutral  ferric  benzoate  is  a  soluble  compound;  but  the  basic  salt  ob- 
tained by  neutralizing  as  nearly  as  possible  with  ammonia  a  solution  of 
ferric  oxide,  and  then  adding  ammonium  benzoate,  is  quite  insoluble.  Iron 
is  sometimes  thus  separated  from  other  metals  in  quantitative  analysis. 
Neutral  and  basic  lead  benzoate  are  freely  soluble  in  the  cold.  Silver  ben- 
zoate crystallizes  in  thin  transparent  plates,  which  blacken  on  exposure  to 
light. 
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Calcium  benioate  is  resolved  by  dry  distillation  into  calcium  carbonate 
and  benzone,  or  benzophenone,  CuH10O,  the  ketone  of  benzoic  acid: 

(C^O^Ca"        =         COtCa        +        CO(C,Hft), 
Calcium  ben-  Benzone. 

zoate. 

On  the  other  hand,  benzoic  acid,  distilled  with  excess  of  lime,  is  resolved 
into  carbon  dioxide  and  benzene: 

CTH60,         as         CO,        -f-        C«Hr 

Benzoic  Chloride,  or  Benzoyl  Chloride,  C7H60C1. — This  compound, 
derived  from  benzoic  acid  by  substitution  of  chlorine  for  hydroxyl,  is  pre- 
pared by  the  action  of  phosphorus  pentachloride  on  benzoic  acid : 

CTHB0(OH)     +     PC1.C1,    =    POC1,    +*  HC1    +    C7H6OCL 

The  two  substances  are  mixed  in  equivalent  quantities,  and  gently  heated. 
A  brisk  reaction  ensues,  hydrochloric  acid  is  evolved,  while  oxychloride  of 
phosphorus  distils  over ;  and  when  the  temperature  rises  to  196°  C.  (884°  F.), 
the  receiver  is  to  be  changed,  and  the  benzoyl  chloride,  which  passes  over 
at  that  temperature,  collected  separately.  It  may  also  be  prepared  by  sub- 
jecting bitter-almond  oil  (C7HeO)  to  the  action  of  dry  chlorine  gas.  It  is 
a  colorless  liquid  of  peculiar,  disagreeable,  and  pungent  odor ;  its  density 
is  1*106.  The  vapor  is  inflammable,  and  burns  with  a  greenish  flame;  its 
density  (referred  to  air)  is  4-987.  Benzoyl  chloride  is  decomposed  slowly 
by  cold  and  quickly  by  boiling  water  into  benzoic  and  hydrochloric  acids : 
with  an  alkaline  hydrate,  a  benzoate,  and  chloride  of  the  alkalic  metal,  are 
generated. 

Benzoyl  Iodide,  C7HbOI,  is  prepared  by  distilling  the  chloride  with  po- 
tassium iodide:  it  forms  a  colorless,  crystalline,  fusible  mass,  decomposed 
by  water  and  alkalies  in  the  same  manner  as  the  chloride.  The  bromide, 
CfHgOBr,  has  very  similar  properties.  Benzoyl  cyanide,  C7H50 .  CN,  ob- 
tained by  heating  the  chloride  with  mercuric  cyanide,  forms  a  crystalline 
mass,  fusing  at  81°  C.  (87°  F.),  boiling  at  207°  C.  (404°  F.),  and  having  a 
pungent  odor,  somewhat  resembling  that  of  cinnamon.  All  these  com- 
pounds yield  benzamide  with  dry  ammonia. 

Benzoyl  Oxide,  on  Anhydride,  C,4Hl008,  or  (CtH60),0,  is  obtained  by 
the  action  of  benzoyl  chloride  on  potassium  benzoate : 

C7H,0(ONa)   .+    CTH5OCl    =    NaCl    +     (C7H60)20. 

Benzoyl  chloride  acts  in  like  manner  on  acetate  or  valerate  of  sodium,  form- 
ing aceto-benzoic  or  valero-benzoio  oxide,  either  of  which  splits  up  on  dis- 
tillation into  acetic  or  valeric  oxide  and  benzoic  oxide : 

CTH50C1     +      C,HtO(ONa)     =     NaCl    +      £*{{6°  |o 

Benzyl  Sodium  Valero-ben- 

chloride.  valerate.  zoic  oxide. 

and: 

2{cIh$}°  =      <<W>V>      +      (<W>),o 

Valero-ben-  Benzoic  Valerie 

zoic  oxide.  oxide.  oxide. 

Benzo-oenanthylio,  benzostearic,  benzo-angelic,  benzo-cuminic  oxide,  and 
several  others,  have  been  obtained  by  similar  processes. 
Benzoic  oxide  crystallizes  in  oblique  rhombic  prisms,  melting  at  42°  C. 
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(107°  F.),  and  distilling  undecomposed  at  810°  C.  (590°  F.).  It  melts  in 
boiling  water,  remaining  fluid  for  a  long  time,  but  u  ultimately  converted 
into  benzoic  acid,  and  dissolves :  caustic  alkalies  effect  the  conversion  much 
more  rapidly.  With  ammonia  it  forms  ammonium  benzoate  and  benxamide : 

(C-H40),0     +    ZSHi    =     CTH60(NH4)0    +    NH,CTH.O 
Benzoic  Ammonium  Benzamide. 

oxide.  benzoate. 

Benzoyl  Dioxide,  ob  Pxboxidb,  CuEwOv  or  {p<flfijr  —  Brodie  ob- 
tained this  compound  by  bringing  benzoyl  chloriae  in  contact  with  bari- 
um dioxide  under  water;  the  product,  when  re-crystallized  from  ether, 
yields  large  shining  crystals  of  benzoyl  dioxide,  which  explode  when  heated. 
When  submitted  to  the  action  of  a  boiling  solution  of  potash,  this  substance 
evolves  oxygen,  and  forms -potassium  benzoate. 

Benzoyl  Sulphide,  (C-H40),S,  obtained  by  distilling  the  chloride  with 
finely  powdered  lead  sulphide,  is  a  yellow  fetid  oil,  solidifying  at  a  low 
temperature  to  a  soft  crystalline  mass. 

Dibxnzotl,  CMH1004. — Cupric  benzoate  subjected  to  gradual  dry  distil- 
lation, gives  a  residue  containing  salicylic  and  benzoic  acids,  and  an  oily 
distillate  which  crystallizes  on  cooling,  and  consists  of  dibenzoyl.  This 
substance  possesses  the  odor  of  the  geranium,  melts  at  70°  C.  (158°  F.).  It 
was  discovered  by  Ettling,  and  subsequently  studied  by  Stenhouse.  By 
heating  with  potassium  hydrate,  it  is  instantly  converted  into  benzoic  acid, 
with  evolution  of  hydrogen. 

Acids  derived  from  Benzoic  Acid  by  substitution. 

Chlobobbkzoio  Acid,  C7H.C10r  is  obtained  by  treating  benzoic  acid  with 
potassium  chlorate  and  hydrochloric  acid.  Acids  having  the  same  com- 
position are  produced  by  the  action  of  chlorine  upon  benzoic  acid  in  sun- 
light, and  also  by  distilling  sulphobenzoio  acid,  salicylic  acid,  or  hippuric 
acid,  with  phosphorus  pentachloride,  and  boiling  the  distillate  with  water. 
The  acids  obtained  by  these  several  methods,  however,  differ  in  their  prop- 
erties. Chlorobensoio  acid  treated  with  sodium  amalgam  and  water  is  con- 
verted into  benzoio  acid. 

Bbomobknzoio  Acid,  C7H,BrOr  is  formed  by  the  action  of  bromine  on 
silver  benzoate : 

C7HftO,Ag        +        Br,        a        AgBr        +        C7H,BrOr 

Bromine  does  not  act  on  benzoic  acid  at  ordinary  temperatures. 

Nitbobenzoic  Acid,  C7H5(NO,)0,,  is  obtained  by  boiling  benzoic  acid  for 
several  hours  with  fuming  nitric  acid ;  and  by  prolonged  action  of  the  fum- 
ing nitric  acid,  or  more  readily  by  the  action  of  a  mixture  of  nitric  and 
sulphuric  acids,  dinitrobenzoic  acid,  C7H4(NOt)|0«  i*  produced.  Both  these 
are  crystalline  bodies,  analogous  in  most  of  their  reactions  to  benzoic  acid. 

Amidobknzoio  Acids.  —  Nitrobenzoic  and  dinitrobenzoic  acids  are  re- 
duced, by  treatment  with  certain  reducing  agents,  as  hydrogen  sulphide  or 
ammonium  sulphide,  to  amido-benzoic  and  diamido-benzoic  acids : 


CTH,(NO,)Ot    +    8SH,    =    20H,    +    8,    + 
Nitrobenzoic 
acid. 

C7H5(NH,)0? 

Amidobenxoic 

acid. 

C7H4(NO,)tO,    +    6SH,    =    40H,    -f-    S,    + 
Dinitrobenzoic 
acid. 

cxnt(nu,),ot 

Diamido- 
benzoio  acid. 
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Both  these  are  crystalline  compounds.  Amidobenzoic  acid  is  a  monobasic 
acid,  forming  metallic  salts  and  ethers ;  diamidobenzoic  acid,  on  the  con- 
trary, possesses  no  aoid  properties,  but  is  rather  a  base,  combining  readily 
with  hydrochloric  and  other  acids,  and  forming  crystallizable  salts. 

When  amidobenzoio  acid,  C,HTNOr  is  subjected  to  the  action  of  nitrous 
acid,  two  molecules  of  it  give  up  three  atoms  of  hydrogen  in  exchange  for 
one  atom  of  nitrogen,  and  are  converted  into  a  compound  containing  CM 
HnN,04. 

2CTH,NO,    +    NOtH    =r    20H,    +    CUE  JSfir 

This  substitution  of  hydrogen  for  nitrogen  was  first  observed  by  Griess, 
who  has  since  shown  that  it  is  susceptible  of  very  general  application. 

By  the  prolonged  action  of  nitrous  acid,  the  compound  CMHuNs04  is 
partially  converted  into  oxybenzoic  acid,  CTH6Or 

Acxtamidobehzoio  Acid  *  CtH,NO,  =  C7H.[NH(C,H,0)]0„  or 
CTH4NH(CH80) 

i. — This  acid  is  produced  by  digesting  amidobenzoic  acid 
OOH 
with  acetic  acid  at  130°- 140°  C.  (266°-284°  F.)  in  a  sealed  tube  : 

CTH.(NH,)Of    +    C,H,0(OH)    =    OH,    +    C7H6[NH(C,H,0)]0r 
Amidobenzoio  Acetic  Acetamidobenzoio 

acid.  aoid.  acid. 

or  by  the  action  of  acetyl  chloride  or  acetic  acid  on  zinc  amidobenzoate : 

(CTH,NO,),Zn"    +    2C,H80C1    =    ZnCl,    +    2CTHe(C,H.O)NO, 
Zinc  oxybenzoate.  Acetyl  Acetamidobenzoio 

chloride.  acid. 

Acetamidobenzoio  acid  is  a  white  powder,  consisting  of  microscopic  crys- 
tals, insoluble  in  cold  water  and  ether,  slightly  soluble  in  boiling  water, 
easily  in  boiling  alcohol.  It  is  a  monobasic  acid,  forming  easily  soluble 
salts  with  the  metals  of  the  alkalies  and  alkaline  earths ;  sparingly  soluble 
salts  with  lead,  silver,  and  zinc.  By  boiling  with  hydroohlorio  or  dilute 
sulphuric  acid,  it  is  resolved  into  acetic  and  amidobenzoio  acids : 

C,HfNO,    +    OH,    =    C,H40,    +    C.HTNO,. 

Hippubio  Acid,  ob  Bkkzamidacetio  Acid,  CtH9NO,  =  C,H4(CTHS0)N0, 
CgH,NH  (CgHg O) 
=  C,H,[NH(CTH60)]0,  or    I  .  —  This  acid,   isomerio  with 

COOH 

acetamidobenzoio  aoid,  is  produced  by  the  action  of  benzoyl  chloride  on 
the  zino  salt  of  amidacetic  acid  (glycocine) : 

(C,H4N0,),Zn"    +    2CTH60C1    =    ZnCl,    +    2C,Hf [NH(C7H50)]0, ; 

the  reaction  being  analogous  to  the  second  of  those  above  given  for  the 
formation  of  acetamidobenzoic  acid. 

Hippuric  acid  occurs,  often  in  large  quantity,  as  a  potassium  or  sodium- 
salt,  in  the  urine  of  horses,  cows,  and  other  graminivorous  animals;  in 
smaller  quantity  also  in  human  urine.  It  is  prepared  by  evaporating  in  a 
water-bath  perfectly  fresh  cows'  urine  to  about  a  tenth  of  its  volume,  filter- 
ing from  the  deposit,  and  then  mixing  the  liquid  with  excess  of  hydro- 
chloric acid.  Cows'  urine  frequently  deposits  hippuric  acid  without  con- 
centration, when  mixed  with  a  considerable  quantity  of  hydrochloric  acid, 
in  which  the  acid  is  less  soluble  thnn  in  water.     The  brown  crystalline 

+  G.  G  Fb$ter.  Cbem.  Boo.  Journal,  xitt.  236. 
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toluic  acid,  OtH6 .  CHtCOOH,  corresponding  to  the  unknown  aloo- 
f     '**'  ,.  CH,CH,OH,  derived  from  ethyl-benzene. 

v     I 'toluic  add  is  produoed — 1.  By  oxidation  of  xylene  with  dilate 

C8HW  +  08  =  OH,  +  C8H80, 

m  ,m     the  prolonged  action  of  dilute  nitric  acid  on  cymene  (p.  600), 
oid  being  formed  at  the  same  time : 

-*'-        C10H14    +    08    =    C8HfO,     +     C,H,04    +    20H8 
jx  .  •      Cymene.  Toluio  Oxalic 

acid.  acid. 

rnthetically,  by  the  action  of  sodium  and  carbon  dioxide  on  bromo- 
"  *     *  i: 

CTH7Br    +    Na,    +    CO,    =    NaBr    -f    CTH7.CO,Na 
UJ£  ^      Bromo-  Sodium 

toluene.  toluate. 

^  uio  acid  is  precipitated  by  acids  from  the  solution  of  its  salts  as  a 
i  crystalline  mass,  which  melts  at  about  175°  C.  (847°  F.),  and  sub- 
without  decomposition  in  fine  needles.     Its  chemical  reactions  are 
.-*..-■  igous  to  those  of  benzoic  acid.     By  distillation  with  lime  or  baryta  it 
solved  into  carbon  dioxide  and  toluene,  C7H8.     Distilled  with  phos- 
r  •     vs  pentachloride,  it  yields  toluic  chloride,  C8HYOCl,  or  C8H4CH8 .  COOL 
ng  nitric  acid,  at  the  boiling  heat,   converts  it  into  nilrotoluic  acid, 
..  i-  i(NO,)0?.     When  introduced  into  the  animal  organism,  it  is  excreted 

olurie  acid,  C^HjjNO,,  a  homologue  of  hippuric  acid. 
=.    [Iphartolmc  acid,  C.H5 .  CH,CO,H,  is  produced  by  boiling  bensyl  cyanide 
*'  h  strong  potash  solution  as  long  as  ammonia  is  given  off: 

C8H8.CH,CN    +    20H,    s    NH8    +    C8H.  CH,COOH 
Benzyl-  Alpha-toluio 

cyanide.  acid. 

m  reaction  amounts  to  an  interchange  between  an  atom  of  trivalent 

irogen  and  the  group  0//(OH) :   hence  the  constitution  of  the  acid  is 

pparent. 
Alpha- toluic  acid  crystallizes  from  boiling  water  in  broad,  thin  lamina, 

ery  much  like  benzoic  acid :  it  has  an  odor  like  that  of  the  perspiration 
if  horses.  It  melts  at  76-6Q  C.  (169°  P.),  gives  off,  even  below  100°,  vapors 
which  excite  coughing,  and  boils  at  266-5°  C.  (510°  F.).  It  forms  a  sub- 
stitution-product with  nitric  acid,  and  when  distilled  with  phosphorus 
f  pentachloride,  yields  alpha-toluic  chloride,  C8H70C1,  or  C8H8.  CH,C0C1,  which 
passes  over  as  a  colorless  heavy  liquid. 

Xylic  Acid,  C,H100,  =r  C8H8(CH8),.CO,H,  homologous  with  benzoio  and 
with  normal  toluic  acid,  is  produced  by  the  action  of  sodium  and  carbon 
dioxide  on  bromo-xylene,  C8H9Br;  also,  by  oxidizing  cumene,  C9H1?,  with 
nitric  acid.  Insolinic  acid,  C8H804,  is  formed  at  the  same  time,  but  the  two 
acids  are  easily  separated  by  distillation,  the  xylic  acid  passing  over,  while 
the  insolinic  acid  remains  behind.  Xylic  acid  crystallizes  from  boiling 
water  in  needles,  melts  at  108°  C.  (217°  F.),  boils  at  273°  C.  (628°  F.),  and 
sublimes  easily  in  needles. 

Alpha-xyUc  acid,  C8H4(CH8) .  CH2CO,H,  is  obtained  by  boiling  xylyl  chlo- 
ride with  potassium  cyanide  (whereby  xylyl  cyanide,  C8H,Cl,  is  produced), 
and  then  with  potash.  It  crystallizes  in  broad  needles,  having  a  satiny 
lustre,  easily  soluble  in  water,  and  boiling  at  42°  C.  (108°  F.). 

Cumie  Acid,  CMHuOr  probably  CeH4(C8H7) .  C0,H,  homologous  with  ben- 
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loio  and  normal  toluio  acids,  is  produced  by  oxidation  of  cuminol  or  cumio 
aldehyde,  CwH^O,  one  of  the  constituents  of  oil  of  cumin.  It  is  very  much 
like  benzoic  acid,  is  converted  by  fuming  nitric  acid  into  nitrocumic  acid, 
CloHu(NO)s04,  and  resolved,  by  distillation  with  lime,  into  carbon  dioxide 
and  cumene,  C$UW 

Cymie  Add,  C„H.40,. — Normal  oymic  acid  is  not  known,  but  alphacymic 
acid,  probably  C9Hs(C,Hs)sCOOH,  is  produced  by  the  action  of  caustic 
alkalies  on  oymyl  cyanide,  0MH]tGN. 


Konatomie  Adds,  CiHy^O,. 

The  acids  of  this  series  are  related  to  the  aromatic  acids,  in  the  same 
manner  as  those  of  the  acrylic  series  to  the  fatty  acids.  Only  two  of  them, 
however,  are  at  present  known,  viz. :  cinnamic  and  atropio  acids,  both 
containing  CtHsOr 

CH(CTHf)" 
CurvAxio  Acid,  C,HtOs  ss  C,HtO(OH)  ==   I  .  —  This  acid  is 

CO,H 
produced  synthetically :  1.  By  heating  bensoio  aldehyde  in  close  Teasels 
with  acetyl  chloride : 

CTHfO    +    C,HtOCl    =    HC1    +    CtH/)r 

2.  By  treating  potassium  bensoate  with  chlorethylidene  (produced  by 
the  action  of  carbonyl  chloride  on  acetic  aldehyde) : 

C,H40      +      COC1,      =      HC1      +      CO,      +        C,H,C1 
Aldehyde.         Carbonyl  Chlorethyl- 

ohloride.  idene. 

c,Hta 

Chlorethyl- 
idene. 

Cinnamic  acid  is  also  produced  by  oxidation  of  cinnamon-oil  (cinnamic 
aldehyde,  C,H80)  in  air  or  oxygen,  and  exists  ready  formed,  together  with 
benzoic  acid,  and  certain  oily  and  resinous  substances,  in  Peru  and  Tolu 
balsams,  being  doubtless  produced  by  oxidation  of  cinnyl  alcohol  or  styrone, 
C,HwO  (p.  664),  likewise  contained  therein.  It  may  be  procured  by  the 
following  process  in  great  abundance,  and  in  a  state  of  perfect  purity.  Old, 
hard  Tolu  balsam  is  reduced  to  powder  and  intimately  mixed  with  an  equal 
weight  of  slaked  lime :  this  mixture  is  boiled  for  some  time  in  a  large  quan- 
tity of  water,  and  filtered  hot.  On  cooling,  calcium  oinnamate  crystallizes 
out,  while  calcium  bensoate  remains  in  solution.  The  impure  salt  is  redis- 
solved  in  boiling  water,  digested  with  animal  charcoal,  and,  after  filtration, 
suffered  to  crystallize.  The  crystals  are  drained  and  pressed,  once'  more 
dissolved  in  hot  water,  and  an  excess  of  hydrochloric  acid  being  added, 
the  whole  is  allowed  to  cool.  The  pure  cinnamic  acid  separates  in  small 
plates  or  needle-formed  crystals  of  perfect  whiteness.  From  the  original 
mother-liquor  much  benzoic  acid  may  be  procured. 

The  crystals  of  cinnamic  acid  are  smaller  and  less  distinct  than  those  of 
benzoic  acid,  which  in  most  respects  it  very  closely  resembles.  It  melts  at 
120°  C.  (248°  F.),  and  enters  into  ebullition  at  298°  C.  (660°  F.) ;  the  yapor 
is  pungent  and  irritating.  Cinnamic  acid  is  much  less  soluble,  both  in  hot 
and  cold  water,  than  bensoio  acid ;  a  hot  saturated  solution  becomes  on 


CTHsOtK       =        K 

CI       + 

C.H.O, 

Cinnamio 

Potassium 

benzoate. 

acid. 
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cooling  a  soft  solid  mass  of  small  nacreous  crystals.  It  dissolves  with  perfect 
ease  in  alcohol.  Boiling  nitric  acid  decomposes  cinnamic  acid  with  great 
energy,  and  with  production  of  copious  red  fumes :  bitter  almond-oil  distils 
over,  and  benzoic  acid  remains  in  the  retort.  When  cinnamic  acid  is  heated 
in  a  retort  with  a  mixture  of  strong  solution  of  potassium  bichromate  and 
sulphuric  acid,  it  is  almost  instantly  converted  into  benzoic  acid,  which 
afterwards  distils  oyer  with  the  yapor  of  water ;  the  odor  of  bitter-almond 
oil  is  at  the  same  time  very  perceptible.  Cinnamic  acid  fused  with  excess 
of  potassium  hydrate,  is  decomposed  into  benzoic  and  acetic  acids: 

CtH8Os    +    20H8    =    CTHfO,    +    CaH4Os    +    Hr 

This  decomposition  is  precisely  analogous  to  that  of  an  acid  of  the  acrylic 
series  into  two  acids  of  the  fatty  series  (p.  626). 

Cinnamic  acid  is  resolved  by  distillation  witn  lime  or  baryta,  and  par- 
tially also,  when  distilled  alone,  into  carbon  dioxide  and  cinnamene,  C,H8 
(p.  601). 

The  cnmamata,  C,H70,M  (for  monatomio  metals),  are  very  much  like  the 
,  bensoates.  Cinnyl  cinnamate,  Cmnamein,  or  Styracin,  CgHjOj.CgHg,  is  con- 
tained, together  with  cinnamene  and  styrol,  in  liquid  storax  (which  exudes 
from  Styrax  calanuta,  a  shrub  growing  in  Greece  and  Syria) ;  also,  together 
with  styrol  and  other  substances,  in  Peru  and  Tolu  balsams,  the  produce 
of  certain  species  of  Myroxylum  growing  in  South  America.  It  is  obtained 
from  storax  by  distilling  the  balsam  to  expel  the  styrol,  then  boiling  it  with 
aqueous  sodium  carbonate  to  remove  free  cinnamic  acid,  and  kneading  the 
spongy  residue  between  the  fingers.  Styracin  then  runs  out  as  an  oily  liquid, 
and  may  be  obtained  in  tufts  of  beautiful  prisms  by  crystallization  from 
alcohol.  When  distilled  with  potash,  it  is  resolved  into  oinnyl  alcohol  and 
cinnamic  acid. 

Atbopio  Acid,  CtH80r  is  a  crystalline  acid,  isomeric  with  cinnamic  acid, 
obtained,  together  with  a  basic  compound,  tropme,  by  the  action  of  alkalies 
on  atropine,  an  alkaloid  existing  in  Atropa  Belladonna  and  Datura  Stram- 

C1THBN0,        =        CtH§Ot        +        C^NO 
Atropine.  Atropio  acid.  Tropins. 


DUTOMIO  ACIDg 


These  acids  are  derived  from  diatomic  alcohols  by  substitution  either  of 
O  for  Hr  in  which  case  they  contain  three  atoms  of  oxygen  and  are  mono- 
basic, or  by  substitution  of  0,  for  H4,  in  which  case  they  contain  four  atoms 
of  oxygen  and  are  bibasic. 

The  relation  between  the  saturated  hydrocarbons,  the  glycols,  and  the 
diatomic  acids,  is  shown  in  the  following  table : 

Diatomic  Acids. 


Hydrocarbons.  Glycols.  Monobasic.  Bibasic. 

CDHto+1  CnH^+,0,  CnHto08  CnHM04 

C.H*  0,11*0,  C.Hj.-.O,  CBHta_4<)4 

CnHj„_i  CbHjii__.sOj  CBHsn— «0§  CnHta_e04 

C|»HjI1_ «  CnHjn__401  CoHsa-eO,  CnH2n_«04. 

&o.  &o. 

64» 
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Diatomio  and  Monobasic  Acids. 
1.— Laetic  Series,  CHtaOr 

The  acids  of  this  series  may  be  dirided  into  two  groups,  distinguished 
as  normal  lactic  acid*  and  itoiactic  aeidt.  The  known  members  of  the  series 
are: 

Glycollic  or  Ozyaeetie  acid,  C,HX)- 

Lactic  or  Oxypropionic  acid,  C?HfOr 

Oxybutyric  acid,  C  JH,Or  and  its  isomer,  Dimethoxalic  acid. 

Oxyraleric  acid,  C^H^Oj,  and  its  isomer,  Ethometb oxalic  acid. 

Leucie  or'Oxycaproic  acid,  C9HlsOr  and  isomer,  Dieth  oxalic  acid. 

Acids  homologous  with  dimethoxalic  acid,  and  containing  7,  9,  and  12 
atoms  of  carbon,  have  also  been  obtained. 

The  normal  lactic  acids  correspond  to  the  diatomio  alcohols  homologous 
with  ethenic  alcohol  (glycol) ;  thus : 

C^iH^-iOH  C^H.^OH 

CHtOH  COOH 

Diatomio  Normal  acid  of 

alcohol.  lactic  series. 

If  in  the  second  formula  we  make  n  successirely  equal  to  1,  2,  3,  &c, 
we  get  the  series: 

OH  CH,OH  C,H40H  C,HcOH 

COOH  COOH  COOH  COOH 

Carbonio      Glycollio  Lactic  Oxybutyric 

acid.  acid.  acid.  acid. 

Carbonic  acid  is,  howeyer,  a  bibasio  acid,  for  reasons  which  will  be  ex- 
plained further  on,  and  will  be  considered  by  itself. 
The  normal  lactic  acids  are  produced : 

1.  From  the  glycols  by  slow  oxidation  in  contact  with  platinum  black,  or 
by  the  action  of  dilute  nitric  acid.  The  higher  glycols,  howeyer,  are  partly 
split  up  by  oxidation,  part  of  their  carbon  ns  well  as  hydrogen  being  oxi- 
dized, and  a  lower  acid  of  the  series  produced ;  thus  amylene  glycol  yields 
oxybutyrio  instead  of  oxyyaleric  acid. 

2.  By  the  action  of  moist  silver  oxide  on  the  monochlorinated  or  mono- 
brominated  fatty  acids  (p.  708),  e.  g. : 

C8H,C10t     +    AgHO    =    AgCl    +    C,HeO, 
Chloropro-  Lactic 

pionic  acid.  acid. 

By  the  action  of  nitrous  acid  on  the  amidated  derivatives  of  the  fatty 
acids: 

C^NO,    4-    NOaH    =    C,H4Of    +    OH,    +    N, 
Amidacetic  acid  Glycollic 

(glycocine).  acid. 

C(C.Ht.+1)tOH 
The  Itoiactic  aeidt  are  represented  by  the  general  formula,  | 

COOH 
They  are  obtained  in  the  form  of  ethers  by  the  action  of  the  line-com- 
pound of  an  alcohol -radical,  CBHjn+i,  on  a  neutral  ether  of  oxalio  acid  con- 
taining a  radicr1    *  *u *  series,  such  as  diethylic  oxalate.     The  reac- 
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tion  consists  in  the  replacement  of  an  atom  of  oxygen  in  the  oxalic  ether 
by  two  equivalents  of  alcohol-radical,  and  the  simultaneous  replacement  of 
an  equivalent  of  ethyl,  methyl,  &c.,  in  the  oxalic  ether  by  an  equivalent  * 
of  line,  whereby  an  ether  of  zinc-diethyloxalic  acid,  &c,  is  produced,  which 
by  certain  obvious  transformations  may  be  converted  into  the  required 
acid;  thus: 

COOCH,  C(C,H,),OZn' 

L™,         +    2Z»'CA  =  Zn'(CH,)0    +        I 
COOCH,  COOCH, 

Dimethylio  Zinc  Zinc  Methylic  zinoo- 

oxalate.  methide.        methylate.  diethoxalate. 

C(C,H5),OZn'  C(C.H,).OH 

I                    +  HOH      »      Zn'HO        +         | 

COOCH,  COOCH, 

Methylic  zinco-  Water.                Zinc                        Methylic 

diethoxalate.  hydrate.                  diethoxalate. 

The  methylic  diethoxalate  is  easily  decomposed  by  baryta-water,  yield- 
ing methyl  alcohol  and  barium  diothoxalate : 

C(C,H6),OH  C(C,H6),OH 

|                    +  Ba'HO      =     CH,(OH)      +       f  '   6 

COOCH.  COOBa' 

Methylic  Barium 

diethoxalate.  diethoxalate. 

And  this  salt  decomposed  by  sulphuric  acid  yields  diethoxalio  acid, 
C(C,H,),OH 
1  ,  isomeric  with  leucic  acid. 


COOI 


In  the  first  stage  of  the  process  it  is  found  best  to  use  a  mixture  of  ethyl 
iodide  with  metallic  sine,  which  produces  sinc-ethide,  instead  of  the  latter 
oomponnd  previously  prepared.  The  other  isolactio  ethers  are  prepared 
in  a  similar  manner. 

The  acids  of  either  group  are  reduced  by  hydriodio  acid  to  the  corre- 
sponding acids  of  the  acetic  series ;  e.  g. : 

C,HfO,      +      2HI      ==      C,HeO,      +      OH,  +      I, 
Lactic  Propionic 

acid.  acid. 

The  ethereal  salts  of  the  isolactic  acids  are  converted  by  phosphorus  tri- 
chloride or  pentoxide,  into  ethers  of  the  iso-acrylic  acids  (p.  626) ;  the 
ethereal  salts  of  the  normal  lactic  acids  do  not  exhibit  this  reaction. 

The  normal  lactic  acids,  when  heated,  give  up  a  molecule  of  water,  and 
are  converted  into  oxygen  ethers  or  anhydrides ;  e.  g. : 

C,HfO,        —        OH,        =        C,H40, 
Lactic  Lactide. 

acid. 

Two  moleoules  of  a  normal  lactic  acid  may  also  be  deprived  of  a  molecule 
of  water,  thereby  producing  a  condensed  acid,  analogous  to  the  polyethenio 
alcohols ;  e.  g. : 

2C,HfO,         —        OH,         =         CHtt0O6 
Lactic  Dilactio 

acid.  acid. 

•  To  simplify  the  eqnatlons,  we  have  made  use  of  the  tqwcdUni  (32-6)  instead  of  the  atom 
(66)  of  ainc,  denoting  it  by  the  symbol  Zn'. 
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CH,OH 
Glyoollio  Acid,  C,H4Ot    ==     I  .  —  This  acid  is  produced  in  a  variety 

COOH 
of  reactions,  several  of  which  have  been  already  mentioned,  vix.,  the  oxi- 
dation of  glycol  by  contact  with  platinum  black  or  by  treatment  with  dilute 
nitric  acid ;  the  decomposition  of  beuzoglycollic  acid  by  boiling  with  water ; 
the  decomposition  of  glycocine  by  nitrous  acid ;  the  action  of  water  or 
alkalies  on  bromacetic  and  chloraoetic  acid,  or  their  salts  (pp.  603,  614, 
638),  e.g.,  by  boiling  silver  bromacetate  with  water: 

C^BrAgO,        +        OH,        =        AgBr        +        C,H40t 

It  is  also  produced :  «.  By  the  action  of  alkalies  on  glyoxal  and  glyoxylic 
acid: 

ctHi°i       +        0Ht        =        C»HA 
Gly  oxaL  Glycollic  acid. 

2C,H404        =        C,H,04        +        C8H40,        +        0Hr 
Glyoxylic  Oxalic  Glycollic 

acid.  acid.  acid. 

0.  Together  with  glyoxal,  glyoxylic  acid,  and  other  products  by  the  ac- 
tion of  nitric  acid  upon  alcohol. 

y.  By  the  action  of  nascent  hydrogen  (evolved  by  sine  and  sulphurio 
acid)  upon  oxalic  acid: 

ctH>°4        +         2H,        =        OH,        +        C,H40, 
Oxalic  Glycollio 

acid.  acid. 

Glycollic  acid  differs  somewhat  in  its  properties,  according  to  the  man- 
ner in  which  it  is  prepared,  being  sometimes  syrupy  and  uncrystallizable, 
sometimes  separating  from  its  solution  in  ether  in  large  regular  crystals. 
It  has  a  very  sour  taste,  dissolves  easily  in  water,  alcohol,  and  ether ;  melts 
at  78p  or  79°  C.  (172°-174°  F.) ;  begins  to  boil  at  100°;  decomposes  when 
heated  to  above  160°  C.  (302°  F.).  All  the  glyoollates  are  more  or  less  solu- 
ble and  crystallizable. 

Diglyeollic  acid,  C4H606  =  20,H40,  —  0Hr  also  called  Paramalic  acid,  — 
This  acid,  isomeric  with  malic  acid,  and  related  to  glycollic  acid  in  the 
same  manner  as  diethenic  alcohol  to  glycol,  is  produced  by  the  dehydra- 
tion of  glycollic  acid,  and  by  the  oxidation  of  diethenic  or  triethenic  alco- 
hol. It  is  also  formed  in  the  preparation  of  glycollic  acid  by  heating 
sodium  chloracetate  with  caustic  soda,  which  in  fact  is  the  process  by  which 
it  was  first  obtained  : 

C,H,C10,     +     2NaHO     =     NaCl     +      OH,     +     CJ^NaO, 

Chloraoetic  Sodium  gly- 

acid.  collate. 

C,H,C10,        +*       CLHjNaO,        =        NaCl        +        C.H^O, 

Chloracetio  Sodium  Diglyeollic 

acid.  glycollate.  acid. 

Diglyeollic  acid  is  a  crystalline  bibasio  acid,  forming  with  univalent 
metals,  normal  salts  containing  C4HsM'0,,  and  acid  salts,  C4H4M,Os;  with 
bivalent  metals  it  forms  only  normal  salts,  C4H4M"0,. 

C,H4OH  fHC,H4OH 

Lactie  Acid,  C,H60§  =1  or  C  \  0"         .— 4)f  this  acid  there  are 

COOH  ( OH 

two  modifications:  one  called  ordinary  lactic  acid,  produced  by  a  peculiar 
fermentation  of   sugar;    the  second,   called  paralactic  or  iarcolactk  acid, 
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existing  in  muscular  flesh.     The  difference  of  constitution  between  these 
two  acids  is  represented  by  the  following  formulae : 

CH,  CH,OH 

CHOH  CH, 

COOH  COOH 

Ordinary  lactic  acid.        Paralactic  acid. 

Ordinary  lactic  acid  is  also  produced  by  the  first  three  general  methods 
given  on  page  642,  yiz.,  by  the  slow  oxidation  of  propene  glycol;  by  the 
action  of  moist  silver  oxide  on  ch lor o- propionic  or  bromo-propionic  acid ; 
and  by  the  action  of  nitrous  acid  on  alanine ;  further,  by  the  following 
special  processes : 

«.  By  the  action  of  nascent  hydrogen  on  pyruvic  acid : 

C,H40,        4-        H,        ==        CtH6Or 
0.  By  the  action  of  hydrocyanic  acid  and  water  on  acetio  aldehyde : 

CH, 
CH,  I 

I  +  CNH        =        CHOH 

CO"H  I 

CN 
Aldehyde.         Hydrocyanio    Unknown  inter- 
acid,      mediate  compound. 


+        20H,        =      ,NH, 


CH8 
CHOH 

Intermediate 
compound. 

Paralactic  acid  is  produced: — 1.  By  heating  ethene  chlorohydrate  with 
an  alcoholic  solution  of  potassium  cyanide,  and  boiling  the  resulting 
ethene  cyano-hydrate  with  caustic  potash,  whereupon  ammonia  is  given 
off,  and  potassium  paralactate  is  produced : 


CH, 

CHOH 

COOH 
Lactio  acid. 


CH,OH 

CH,C1 
Ethene  chlor- 
hydrate. 

CH,OH 

CH,CN 
Ethene  cyano- 
hydrate. 


+        CNK        =        KC1         + 


20H,       =        NH8        + 


CH,OH 

CH,CN 
Ethene  cyano- 
hydrate. 
CH,OH 

CH, 

COOH 

Paralactic 

acid. 


2.  By  combining  ethene  with  carbonyl  chloride,  whereby  paralactyl 
chloride  is  produced,  and  decomposing  this  chloride  with  an  alkali : 

CH,C1 
CH,  I 

+  COC1,  =  CH, 

COC1 
Ethene.  Paralactyl  chloride. 


CH, 
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CH,C1  CH,OH 

CH,        +        2HOH         =         2HCI        +        CHa 

COC1  COOH 

Paralactyl  chloride.  Paralactic  acid. 

Paralaetio  acid  is  extracted  from  muscular  flesh  by  cold  water  or  dilute 
alcohol. 

Preparation  of  ordinary  lactic  add  by  Fermentation.  — Various  kinds  of  sugar, 
and  dextrin,  when  subjected  to  the  action  of  particular  ferments,  are  con- 
verted into  lactic  acid,  the  change  Consisting  in  a  resolution  of  the  molecule, 
preceded  in  some  cases  by  the  assumption  of  the  elements  of  water: 

C«HMOf  =  20,11/), 

Glucose.  Lactic  acid. 

C„HMOn        +        OH,        +        4C.H.O, 
Milk  sugar.  Lactic  acid. 

This  lactous  fermentation  requires  a  temperature  between  20°  and  40°  G. 
(58°  and  104°  F.),  and  the  presence  of  water  and  certain  ferments — vis., 
albuminous  substances  in  a  peculiar  state  of  decomposition,  such  as  casein, 
glutin,  or  animal  membranes,  especially  the  coating  of  the  stomach  of  the 
calf  (rennet),  or  of  the  dog,  or  bladder.  According  to  Pasteur  and  others, 
it  depends  upon  the  presence  of  a  peculiar  fungus,  PenicilUum  glaucvm  (p. 
621).  The  following  is  a  good  method  for  preparing  the  acid  in  consider- 
able quantity:  2  gallons  of  milk  are  mixed  with  6  pounds  of  raw  sugar,  12 
pints  of  water,  8  ounces  of  putrid  cheese,  and  4  pounds  of  chalk,  which 
should  be  mixed  up  to  a  creamy  consistence  with  some  of  the  liquid.  This 
mixture  is  exposed  in  a  loosely  covered  jar  to  a  temperature  of  about  30° 
C.  (86°  F.),  with  occasional  stirring.  The  use  of  the  chalk  is  to  neutralize 
the  lactic  acid,  which  would  otherwise  coagulate  the  casein,  render  it  insol- 
uble, and  thereby  put  a  stop  to  the  process.  At  the  end  of  two  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mass  of  calcium  lactate, 
which  may  be  drained,  pressed,  and  purified  by  re-crystallization  from 
water.  The  lactate  may  be  decomposed  by  the  necessary  quantity  of  pure 
oxalic  acid,  the  filtered  liquor  neutralised  with  sine  carbonate,  and,  after 
a  second  filtration,  evaporated  until  the  zinc-salt  crystallizes  out  on  cooling. 
An  important  modification  of  this  process  consists  in  employing  commercial 
zinc-white  instead  of  powdered  chalk,  which  yields  at  once  difficultly  soluble 
zinc  lactate,  easily  purified  by  re-crystallization.  The  zinc  lsctate  may, 
lastly,  be  re-dissolved  in  water,  and  decomposed  by  sulphuretted  hydrogen, 
in  order  to  obtain  the  free  acid.  Together  with  the  lactic  acid  a  certain 
quantity  of  mannite  is  invariably  formed.  This  is  separated  by  agitating 
the  concentrated  aqueous  solution  with  ether,  in  which  lactic  acid  alone  is 
soluble. 

If,  in  the  first  part  of  the  process,  the  solid  calcium  lactate  be  not  re- 
moved at  the  proper  time  from  the  fermenting  liquid,  it  will  gradually 
re-dissolve  and  disappear,  being  converted  into  soluble  butyrate  (p.  617). 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids  containing 
decomposing  organic  matter,  as  sauerkraut,  a  preparation  of  white  cabbage, 
the  sour  liquor  of  the  starch -maker,  &c. 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of  the  air- 
pump,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a  colorless,  syrupy 
liquid,  of  sp.  gr.  1*215.  It  has  an  intensely  sour  taste  and  acid  reaction: 
it  is  hygroscopic,  and  very  soluble  in  water,  alcohol,  and  ether.  All  its 
salts  are  soluble. 

When  syrupy  lactic  acid  is  heated  in  a  retort  to  180°  C.  (266°  P.),  water 
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containing  a  little  lactic  acid  distils  oyer,  and  the  residue  on  cooling  forms 
a  yellowish,  solid,  fusible  mass,  very  bitter,  and  nearly  insoluble  in  water. 
This  is  dUactic  acid,  Cf  Hl0O6~2C,H.O8 — OHr  Long-continued  boiling  with 
water  re-converts  it  into  lactic  acid.  When  this  substance  is  further  heated, 
it  decomposes,  yielding  numerous  products.  One  of  these  is  lac  tide,  or 
lactic  anhydride,  C,H4Or  a  volatile  substance,  crystallizing  in  brilliant, 
colorless,  rhombic  plates,  which,  when  put  into  water,  slowly  dissolve,  with 
production  of  lactio  acid. 

Lactide  combines  with  ammonia,  forming  lactamide,  a  soluble  orystallizable 
substance  isomeric  with  alanine  or  amidopropionic  acid  (p.  615).  The  dif- 
ference between  these  two  bodies  and  their  relation  to  lactic  acid  is  ex- 
hibited by  the  following  formulas : 

C,H4NHt  C,H4OH  C,H4OH 

COOH  COOH  CONH, 

Alanine.  Lactio  acid.  Lactamide. 

Alanine  may  be  derived  from  lactic  acid  by  substitution  of  amidogen  for 
the  alcoholic  hydroxy  1  of  the  acid  (which  comes  to  exactly  the  same  thing 
as  replacing  an  atom  of  hydrogen  in  propionic  acid,  C,HfOr  by  amidogen) ; 
accordingly  it  retains  an  atom  of  basic  hydrogen,  and  therefore  reacts  as 
an  acid  (lactamic  or  amidopropionic  acid) ;  but  in  lactamide  the  basic  hy- 
dro xyl  is  replaced  by  amidogen,  and  therefore  the  compound  is  neutral. 

Another  product  of  the  action  of  heat  on  lactic  acid  is  lactone,  a  colorless 
volatile  liquid,  boiling  at  92-2°  C.  (198°  F.).  Acetone  is  also  formed,  and 
carbon  monoxide  and  dioxide  are  given  off.  Lactio  acid,  boiled  with  dilute 
nitric  acid,  or  with  dioxide  of  lead  or  barium,  is  converted  into  oxalic  acid. 
Distilled  with  dilute  sulphuric  acid  and  dioxide  of  lead  or  manganese,  it 
yields  a  large  quantity  of  aldehyde,  together  with  carbon  dioxide.  Hy- 
driodic  acid,  or  a  mixture  of  phosphorus  tetroxide  and  water,  reduces  it 
to  propionic  acid,  with  liberation  of  iodine : 

WO,    +    2HI    =     C.^0,    +    OH,    +    Ir 

Parallactic  acid  in  solution  or  in  the  syrupy  state  is  undistinguishable  from 
ordinary  lactic  acid.  When  heated  it  is  converted  into  lactide,  which,  when 
boiled  with  water,  yields  ordinary  lactic  acid. 

Lactates.  — The  best  defined  of  these  salts  are  represented  by  the  formulas, 
CsHsO,M',  and  (C,Hs08)sM//.  Barium  and  calcium  also  form  acid  lactates, 
«•  9-  j  (CaHjOjJ-Ca"  •  2C8H90r  The  lactates  are,  for  the  most  part,  sparingly 
soluble  in  cold  water,  and  effloresce  rapidly  from  their  solutions :  they  are 
all  insoluble  in  ether.  When  heated  with  excess  of  strong  sulphuric  acid, 
they  give  off  a  large  quantity  of  pure  carbon  monoxide, 

The  paralnctates  have,  for  the  most  part,  the  same  composition  as  the 
lactates ;  but  some  of  them  differ  in  form,  solubility,  and  other  characters. 

Calcium  lactate,  (C.Hs09)3Ca// .  5  Aq.,  is  obtained  in  the  fermentation  pro- 
cess above  described,  or  by  boiling  aqueous  lactic  acid  with  calcium  car- 
bonate. It  dissolves  in  9*5  parts  of  water  at  ordinary  temperatures.  The 
paralactate  contains  only  4  molecules  of  water,  which  however  it  retains 
longer  than  the  lactate,  and  requires  12  parts  of  water  to  dissolve  it.  — 
Zinc  lactate,  (CiH5Os)^n//.8  Aq.,  gives  off  its  water  quickly  at  100°,  dis- 
solves in  6  parts  of  boiling  water,  in  5*8  parts  of  cold  water,  and  is  nearly 
insoluble  in  alcohol.  The  paralactate  con  tains  only  2  molecules  of  crystal- 
lization-water, whioh  it  retains  with  considerable  force.  It  dissolves  in 
2*88  part*  of  boiling,  5*7  parts  of  cold  water,  and  in  2*23  parts  of  alcohol, 
either  cold  or  boiling. — Ferrous  lactate  is  precipitated  in  small  yellowish 
needles  on  mixing  ammonium  lactate  with  ferrous  chloride  or  sulphate.  — - 
Ferric  lactate  is  a  brown  deliquescent  mass. 


C,H4OH 

C,H4OCtH5 

C,H4OH 

COOH 

COOH 

COCK^H, 
Monethylio 

Lactic 

Ethyl-lactic 

acid. 

acid. 

lactate. 
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Lactic  Ether*.  —  Lactic  acid,  like  the  other  members  of  the  group,  can 
form  three  different  ethers  containing  the  same  univalent  alcohol-radical, 
according  as  the  alcoholic  or  the  basic  hydrogen-atom,  or  both,  are  re- 
placed; thus: 

CgHjOCgHg 

COOC,H§ 

Diet  hylic  lactate, 

or  ethylic  ethyl 

lactate. 

Moruthylic  lactate,  CsH604 .  CSH6,  Is  produced  by  distilling  potassium  or 
sodium  lactate  with  potassium  ethylsulphate.  It  is  a  syrupy  liquid,  boiling 
at  176°  C.  (348°  F.).     Potassium  dissolves  in  it,  with  evolution  of  hydrogen, 

C,H4OK 
forming  ethylic  potastio-lactate,    I  .  —  Ethyl-lactic  acid,  CtH4(C,Hs)OrH, 

COCjH, 
is  obtained  as  a  potassium  or  calcium-salt  by  decomposing  diethylic  lactate 
with  potash  or  milk  of  lime.  When  separated  from  these  salts  by  sulphuric 
acid,  it  forms  a  viscid  liquid,  boiling  with  partial  decomposition  between 
195°  and  198°  C.  (388°-888°  F.).  Diethylic  lactate,  CjH^CjH^O, .  CfHj,  is 
produced  by  the  action  of  ethyl-iodide  on  ethylic  potassio-lactate,  or  on 
sodium  ethylate,  and  by  that  of  sodium  ethylate  on  ethyl-chloropropionate : 

CLH^IO.CA      +      C.H.ONa    =    NaCl    +    C.H/),.  (C^HJ, 
Kthyl-chloro-  Sodium  Diethylic 

propionate.  ethylate.  lactate. 

MethyUactic  add,  C8H4(CHt)0,(OH),  and  its  line  and  silver  salts  have  also 
been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by  acid  radi- 
cals, forming  such  compounds  as  acetolactk  acid,  C8H4(C,H,0)Oa  .  OH. 

Lacttl  Chloride,  CfH4OClr  or  Chloropropiontl  Chloride,  C,H4C10 . 
CL,  is  obtained,  together  with  phosphorus  oxychloride,  by  gently  heating  a 
mixture  of  calcium  lactate  with  phosphorus  pentachloride ;  also  by  the 
direct  combination  of  ethene  with  carbonyl  chloride.  It  is  a  colorless 
liquid,  boiling  above  100°,  and  decomposed  with  water,  forming  hydro- 
chloric and  chloropropionie  acids. 

CfH10OH 
Leuoio  Acid,  C«H,.0.  =   |  .  —  This  add,  isomeric  with  diethoxalie 

COOH 
acid,  is  produced  by  the  action  of  nitrous  acid  on  leucine  or  amidocaproic 
acid  (p.  619).  It  forms  needles  or  monoclinic  prisms,  soluble  in  water,  al- 
cohol, and  ether,  melting  at  about  73°  C.  (163°  F.)(  and  volatilizing  at  100°. 
When  heated  for  some  time  at  that  temperature,  it  gives  off  water,  and 
leaves  a  syrupy  oxide  or  anhydride.  It  forms  crystaUisable  salts  analogous 
to  the  lactates. 


fOH 
Carbonic  Acid,  CHsO.  =  C  \  0".  —  This  acid  belongs  to  the  lactic  series, 
(OH 
so  far  as  its  constitution  is  concerned,  being  derived  from  the  unknown 

(OH 
methane  glycol,  C  -J  H, ,  by  substitution  of  0  for  Hs;  but  it  differs  from  all 
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the  other  acids  of  the  series  in  being  bibasic,  both  the  hydroxyl  groups 
contained  in  it  being  immediately  connected  with  an  atom  of  oxygen,  bo 
that  either  of  the  hydrogen-atoms  may  be  regarded  as  belonging  to  the 
group  CO,H. 

Carbonic  acid  itself,  or  hydrogen  carbonate,  is  not  known,  inasmuch  as 
when  a  metallic  carbonate  is  decomposed  by  a  stronger  acid,  the  hydrogen 
carbonate,  CH,Oj,  always  splits  up  into  water  and  carbon  dioxide,  which 
escapes  as  gas.  The  corresponding  sulphur-compound,  CH,SS,  is,  how- 
ever, obtained  as  an  oily  liquid  when  a  metallic  sulpho-carbonate  is  decom- 
posed by  an  acid  (p.*  203). 

With  the  alkali-metals  oarbonio  acid  forms  acid  and  normal  or  neutral 
salts,  according  as  one  or  both  of  the  hydrogen-atoms  arc  replaced ;  t.  g.\ 

{OH 
ONa 
Normal  sodium  carbonate,     CNa,Os,    or  CO(ONa)r 

With  the  earth-metals  and  other  dyad  metals,  carbonic  acid  forms  only 
normal  salts,  CM^Og,  and  basio  salts ;  the  so-called  acid  carbonates  of 
barium,  calcium,  &c,  are  known  only  in  solution,  and  are,  in  fact,  merely 
solutions  of  neutral  carbonates  in  aqueous  carbonic  acid,  which  give  off 
carbon  dioxide  on  boiling.  The  basic  oarbonates  of  dyad  metals  may  be 
rie  wed  as  compounds  of  normal  carbonates  with  metallic  oxides  or  hydrates; 
for  example,  slaked  lime,  produced  by  exposing  quicklime  to  moist  air,  has 
the  composition  of  a  dicaloic  carbonate,  Ca"0 .  COtCa" .  Aq. ;  and  native 
green  copper  carbonate,  or  malachite,  consists  of  Cu"0  .  COaCu" .  Aq. 
These  basic  carbonates  may,  however,  be  viewed  in  another  way,  namely, 
as  derived  from  a  tetratomic  carbonic  acid,  or  orthoearbonic  acid,  CH4,04,  or 
C(OH)4,  analogous  to  methane  and  carbon  tetrachloride ;  thus,  dicalcic  car- 
bonate =  CCa",04.  Aq. ;  malachite  r=  CCu",04.  Aq. 

With  metals  of  higher  atomicity,  oarbonic  acid  does  not  form  definite  salts. 

Cabbonic  Ethers.  —  The  only  carbonic  ethers  known  are  those  in  which 
the  two  hydrogen-atoms  of  carbonic  acid  are  replaced  either  by  two  equiv- 
alents of  a  monad  alcohol-radical*  or  by  one  equivalent  of  a  monad  alco- 
hol-radical and  one  equivalent  of  .a  metal. 

Ethyl  carbonate,  CO$(C,H5),,  is  formed  by  the  action  of  ethyl  iodide  on 
silver  carbonate : 

COsAg,      +      2C,H5I      =      2AgI      +      CCVCA),; 

also  by  the  action  of  potassium  or  sodium  on  ethyl  oxalate,  C,04(C2H,),: 
this  reaction  is  not  quite  understood  ;  but  it  amounts  to  the  removal  of  car- 
bon monoxide,  or  carbonyl,  CO,  from  the  oxalic  ether.  Fragments  of  po- 
tassium or  sodium  are  dropped  into  oxalic  ether  as  long  as  gas  is  disen- 
gaged :  the  brown  pasty  product  is  then  mixed  with  water  and  distilled. 
The  carbonic  ether  is  found  floating  upon  the  surface  of  the  water  pf  the 
receiver  as  a  colorless,  limpid  liquid  of  aromatic  odor  and  burning  taste. 
It  boils  at  125°  C.  (267°  F.),  and  is  decomposed  by  an  alcoholic  solution  of 
potash  into  potassium  carbonate  and  alcohol.  By  chlorine  in  diffused  day- 
light it  is  converted  into  tetrachlorethyl  carbonate,  C08.  (CgHgCl,)^  and  in 
sunshine  into  pentachlorethyl  carbonate,  C08(CtCl,)r 

Ethyl-potatrium  carbonate,  COt(C,H5)K,  is  produced  by  passing  carbonic 
acid  gas  into  a  cooled  solution  of  potassium  hydrate  in  absolute  alcohol : 

C,H60    +    KHO    +    CO,    =    OH,    -f    CO,.(C,Hs)K. 

It  is  a  white  nacreous  salt,  decomposed  by  water  into  potassium  carbonate 
and  alcohol. 
65 


650  SULPHO-CARBONIC   ETHERS. 

Ethyl-methyl  carbonate,  COf(CA)(CHA  is  obtained  by  distilling  a  mixture 
of  ethyl-potassium  sulphate  and  methyl-potassium  carbonate : 

S04.(C,H§)K    +    CCVfCHJK   =    S04K,    -f-    CO^CAHCH*)- 

Methyl-barium  carbonate,  (CO,),(CHf),Ba",  is  obtained  as  a  white  pre- 
cipitate by  passing  carbonic  aoicf  gas  into  a  solution  of  baryta  in  methyl 
alcohol. 

Carbonates  of  butyl,  amyl,  and  attyl,  analogous  in  composition  to  ethyl 
carbonate,  have  also  been  obtained.  Phenyl  hydrogen  carbonate,  or  acid 
phenyl  carbonate,  COa(C9Hs)H,  is  identical  with  salicylic  acid,  which  will  be 
described  further  on. 

Ethyl  orthocarbonate,*  C(OCtHft)4,  is  produced  by  heating  a  mixture  of 
chloropicrin  (trichloro-nitromethane)  with  absolute  alcohol  and  sodium : 

C(NO,)Cl,    +    4C,H5NaO    =    8NaCl    +    NOLNa    +    C(OC,H,)4 
Chloropicrin.  Sodium  Sodium         Sodium       Ethyl  ortho- 

ethylate.         chloride.         nitrile.         carbonate. 

It  is  a  colorless  oil,  boiling  at  158°-169°C.  (313°-318°F.).  Heated  with 
boric  oxide  to  100°,  it  is  resolred  into  ethyl  anhydroborate  (p.  628),  and 
ordinary  ethyl  carbonate : 

C(OC,H,)4    +    2B,0,    =    2BO.CA.By0s    -f-    COt(CA)r 

Sulphocakbokic  Ethkrs.  —  These  are  bodies  haying  the  composition  of 
carbonic  ethers  in  which  the  oxygen  is  replaced,  wholly  or  partly,  by  sul- 
phur. The  following  table  exhibits  their  names  and  formula,  the  ethyl 
and  ethene  compounds  being  taken  as  examples : 

Ethyl-monosulphocarbonio  acid     .        .        .  C0,8  .  (CtBt)K. 
Biethylio  monosulphocarbonate    .         .        .  COgS  .  (C,H5' 
Ethyl-disulphocarbonio  or  Xanthio  acid 
Diethylic  disulphocarbonate 
Ethyl- trisulphocarbonio  acid 

Biethylio  trisulphocarbonate  .        .        .  w, .  ^^>;r 

Ethene  disulphooarbouate     ....  COS,  .jfOJk.)", 
Ethene  trisulphocarbonate    ....  CS,  .  (C2Hi)//. 

The  metallic  salts  of  the  acid  eulphocarbonic  ether*  are  produoed  in  the 
same  manner  as  those  of  the  carbonic  ethers :  thus  carbonic  dioxide  unites 
with  potassium  sulphethylate  (mercaptide),  to  form  potassium  ethyl-mono- 
sulphocarbonate,  just  as  it  unites  with  potassium  ethylate  to  form  the  ethyl- 
oarbonate;  and,  in  like  manner,  carbon  disulphide  acts  on  potassium 
ethylate  or  alcoholic  potash,  so  as  to  form  potassium  ethyldisulphocarbon- 
ate ;  and  on  potassium  mercaptide,  or  an  alcoholic  solution  of  the  sulph- 
hydrate,  so  as  to  form  the  ethyltrisulphocarbonate,  thus : 

CO,  +  (C,H5)K<>  =  CO,(C,H.)K  Ethylcarbonate. 

CO,  -f  (CA)KS  =  COJ3(C,H.)K  Ethylmonosulphooarbonata. 

CS,  -f  (C,H5).KO  =  COS,(C-H,)K  Ethyldisulphocarbonate. 

CS,  -f  (CA)*8  =  CS8(C,HS)K  Ethyltrisulphocarbonate. 

The  neutral  tulphocarbonic  ethere  (containing  monatomic  alcohol-radicals) 
are  produced  by  the  action  of  the  chlorides,  bromides,  &c.  of  alcohol-radi- 
cals on  the  metallic  salts  of  the  corresponding  acid  ethers,  e.  g. : 

(CA)KCS,    +    C,H,C1    =    KC1    +     (CA),CS, 
Potassio  ethyl-  Ethylic  trisul- 

trisulphocarbonate.  phocarbonate. 

P  p.  BaeetU)  Cfeetn.  8oc  Journal  [2],  \.  19& 
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The  sulphocarbonic  ethers  of  diatomic  alcohol-radicals  are  formed  by  the 
action  of  diatomic  alcoholic  bromides,  iodides,  &c,  on  sodium  sulphooar- 
bonate,  e.  g. : 

CLH4Br,    +    CS.Na,    =    2NaBr    +    CS8(C,H4)" 
Ethene  Ettiene  tri- 

bromide.  sulphocarbonate. 

The  nentral  sulphocarbonic  ethers  are  oily  liquids ;  so  likewise  are  the 
acid  ethers,  such  at  least  as  are  known  in  the  free  state,  or  as  hydrogen- 
salts;  their  metallic  salts  are  mostly  crystalline.  The  best  known  of  these 
compounds  are  the  ethyldiiulphocarbonates  or  xanthates. 

To  prepare  xanthie  acid,  alcohol  of  0*800  sp.  gr.  is  saturated,  whilst  boil- 
ing, with  potash,  and  into  this  solution  carbon  bisulphide  is  dropped  till  it 
ceases  to  be  dissolved,  or  until  the  liquid  loses  its  alkalinity.  On  cooling 
the  whole  to  — 18°  C.  (0°  F.),  the  potassium-salt  separates  in  the  form  of 
brilliant,  slender,  colorless  prisms,  which  must  be  quickly  pressed  between 
folds  of  bibulous  paper,  and  dried  in  a  vacuum.  It  is  freely  soluble  in 
water  and  alcohol,  but  insoluble  in  ether,  and  is  gradually  destroyed  by 
exposure  to  air,  by  oxidation  of  part  of  the  sulphur.  Xanthie  acid  may  be 
prepared  by  decomposing  this  salt  with  dilute  sulphuric  or  hydrochloric 
acid.  It  is  a  colorless,  oily  liquid,  heavier  than  water,  of  powerful  and 
peculiar  odor,  and  very  combustible :  it  reddens  litmus-paper,  and  ulti- 
mately bleaches  it.  Exposed  to  gentle  heat  (about  24°  C.  [75°  F.]),  it  is 
decomposed  into  alcohol  and  carbon  bisulphide.  Exposed  to  the  air,  or 
kept  beneath  the  surface  of  water  open  to  the  air,  it  becomes  covered  with 
a  whitish  crust,  and  is  gradually  destroyed.  The  xanthates  of  the  alkali- 
metals  and  of  barium  are  colorless  and  crystallizable ;  the  calcium-salt 
dries  up  to  a  gummy  mass ;  the  xanthates  of  line,  lead,  and  mercury  are 
white,  and  but  slightly  soluble ;  that  of  copper  is  a  flocculent,  insoluble 
substance,  of  beautiful  yellow  color. 

Ethylic  dvtulphocarbonate  or  Xanthie  ether,  COS, .  (C,H5)r  obtained  by  the 
action  of  ethyl  chloride  on  potassium  xanthate,  is  a  pale-yellow  oil,  boiling 
at  200°  C.  (392°  F.),  insoluble  in  water,  soluble  in  all  proportions  of  alcohol 
or  ether.  Ammonia-gas  passed  into  its  alcoholic  solution  forms  mercaptan 
and  a  crystalline  substance  called  xanthamide : 

COS,(C,H.),    +    NHt    ==    C,H5(SH)     +    COS(C,H6)NH, 
Xanthio  ether.  Mercaptan.  Xanthamide. 

Amyl-distdphocarbonate,  COS(C4Hu)s,  treated  in  like  manner,  yields  xanr 
tkamylamide,  COS(C5Hu)NHs. 


2.  — Pyruvic  8eries,  CnHjo-aO,. 
This  is  a  small  group  of  acids,  including  — 


Pyruvic  acid,  C,H40,  I  Jalapinoleic  acid,  C-HpjO,? 

'id,  CuHMOtf  I  Ricinoleic  acid,  CuHM0^ 


Convolvulinoleic  acid 


Glyoxylic  acid,  a  product  of  the  oxidation  of  alcohol,  glycol,  and  glyoxal, 
is  sometimes  said  to  have  the  composition  C,H,0, ;  but  it  is  more  probably 
C,H404,  and  belongs  to  another  series,  as  will  be  explained  hereafter. 

Pymvio  Acid,  CtH4Or  also  called  Pyroracemic  acid,  is  produced  by  dry 
distillation  of  racemio  or  tartaric  acid : 

Cfifi9    =    CsH40,    +    CO,    +    OHr 
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It  is  a  liquid,  boiling,  with  partial  decomposition,  at  about  166°  C.  (329°  P.). 
Treated  with  sodium  amalgam,  or  hydriodic  acid,  it  takes  up  two  atoms  of 
hydrogen,  and  is  converted  into  lactic  acid,  CjHjO^  or  if  the  reagent  is 
used  in  large  excess,  into  propionic  acid,  CsHjO-  It  also  unites  directly 
with  bromine,  forming  the  acid,  C,H4BrfOr  probably  dibromolactic  acid. 
Its  salts  crystallise  readily. 

CottYOlYulinoleio  £eid  and  Jalapinoleio  Add,  are  produced  by  the  action 
of  acids  or  alkalies  from  certain  resinous  glucosides  contained  in  the  root 
of  tuberose  or  officinal  jalap  {Convolvulus  Schiedamu),  and  of  Convolvulus 
(or  Jponuea)  orizabensu,  the  jalap-stalks  or  jalap-wood  of  commerce;  but 
their  formulas  have  not  been  exactly  determined. 

Bleinoleie  Aeid,  G18HMOr  is  a  yellow  oily  acid,  produced  by  the  saponifi- 
cation of  castor-oil.  At  temperatures  between  —6°  and  —7°  C°  (19°-21°  F.J, 
it  solidifies  to  a  granular  mass.  The  neutral  rioinoleates  of  the  alkali-metals 
when  distilled  alone  yield  a  distillate  of  oenanthol;  but  when  distilled  with 
excess  of  caustic  alkali,  they  give  off  hydrogen,  and  yield  a  distillate  of 
octyl  alcohol,  CsHtfO,  and  a  residue  of  alkaline  senate,  C]0HMK1O4  (p.  541). 


8.— Series  CHj^O,. 

The  only  known  acid  of  this  series  is  guaiadc  add,  C6HtOr  which  is  a 
erystallizable  substance  contained  in  guaiacum,  a  resin  obtained  from  Ottm- 
acum  officinale,  a  tree  growing  in  Jamaica.  It  sublimes  in  needles  resem- 
bling benzoic  acid,  and  is  resolved  by  dry  distillation  into  carbon  dioxide 
and  guaiacene,  C^O. 


4.  —Series  CHj^O,. 


This  series  includes  the  following  acids,  related  to  the  aromatic  acids  in 
the  same  manner  as  the  lactic  acids  are  related  to  the  fatty  acids : 

Oxybensoic,  Para-oxybenzoic,  and  Salicylic  acids   .        .  C7HtOt 

Formobensoic,  Creosotic,  Carbocresylic,  and  Anisic  acids  CfHtO, 

Phloretic  acid C9H.00, 

Thymotic  and  Thymyl-carbonic  acids       ....  CnHMOt 

Oxybensoio  Aeid,  C7H60„  or  CtH4(OH) .  CO,H,  is  produoed  by  the  action 
of  nitrous  acid  on  amidobenzoic  acid : 

CtH4(NH,).CO,H    +    NO(OH)  =  C6H4(OH) .  CO.H  +  OH,  +  Nr 
Amidobenzoic  acid.  Oxy-benzoic  acid. 

Oxybenzoic  acid  is  only  slightly  soluble  in  cold  water  or  alcohol,  but  dis- 
solves easily  in  either  of  these  liquids  at  the  boiling  heat,  and  separates 
as  a  oryatalline  powder  on  cooling.  At  higher  temperatures  it  melts  and 
sublimes  without  decomposition,  a  character  by  which  it  is  distinguished 
from  its  two  isomers.  With  strong  nitric  acid  it  forms  nitro-oxybenzoio 
acid,  CTHs(NOt)Os,  which  is  converted  by  ammonium  sulphide  into  amid- 
oxybenzoic  acid,  CTHs(NH,)Or 

Para-oxybensoic  Aeid  is  produced  by  heating  anisic  acid  to  125°-130° 
with  strong  hydriodic  acid : 

C.H.O,        +        HI        =        CH,!        +        C^/V 


roc.H6 
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It  is  more  soluble  in  cold  water  than  oxybenzoic  acid,  dissolving  in  126 
parts  of  water  at  15°:  from  a  hot  solution  it  crystallizes  in  small  distinct 
monoolinic  prisms.  It  melts  with  partial  decomposition  at  210°  C. 
(410°  F.),  and  is  easily  resolved  at  higher  temperatures  into  carbon  di- 
oxide and  phenol: 

C7Hf08        =        CO,        +        C6HflO. 

Its  solution  forms,  with  ferric  chloride,  a  yellow  precipitate  insoluble  in 
excess*  without  violent  coloration.  These  characters  distinguish  it  from 
oxybenzoic  acid.  With  most  metals  it  reacts  like  a  monobasic  acid,  its 
potassium-salt  containing  C7H6OtK,  and  its  cadmium-salt  (CTHBOt)3Cd// ; 
but  it  appears  also,  like  salicylic  acid,  to  form  a  barium-salt  containing 
C^Ba"©,. 

Salicylio  Aeid  is  produced:  1.  Bypassing  carbon  dioxide  into  phenol 
containing  small  pieces  of  sodium : 

K»OC,H,        +        CO,        =        (CO)"-}0^1 

Sodium  phenate.  Sodium  salicylate. 

2.  From  salicylol,  CTHcOr  by  oxidation  with  aqueous  chromic  acid,  or  by 
melting  salicylol  or  salicin  with  potassium  hydrate,  in  which  case  hydro- 
gen is  evolved : 

CjHA        +        KOH        =        CTH60§K        +        Hr 
Salicylol.  Potassium 

salicylate. 

8.  Coumaric  acid,  heated  with  potassium  hydrate,  yields  potassium  sali- 
cylate and  acetate : 

CiH.0,    +    2KOH    =    C^OjK    +    C,HsO,K    +    Hr 

4.  Oil  of  wintergreen  (GauUheria  procumbent),  which  consists  of  methyl- 
salicylic  acid,  is  resolved,  by  distillation  with  potash,  into  methyl  alcohol 
and  salicylic  acid : 

CTH5(CH8)0$    +    KOH    =    CH8(OH)    +    CTHsKOr 

Salicylio  acid  crystallizes  from  its  alcoholic  solution  by  spontaneous  eva- 
poration in  large  monoclinio  prisms.  It  requires  about  1000  parts  of  cold 
water  to  dissolve  it,  but  is  much  more  soluble  in  hot  water  and  in  alcohol. 
Its  aqueous  solution  imparts  a  deep  violet  color  to  ferric  salts.  It  melts  at 
130°  C.  (266°  F.),  gives  off  phenol  at  a  higher  temperature,  and  when 
heated  with  pounded  glass  or  quicklime,  is  completely  resolved  into  carbon 
dioxide  and  phenol.  It  is  distinguished  from  both  its  isomers  by  its  beha- 
vior with  ferric  salts,  its  very  slight  solubility  in  water,  and  its  lower 
melting  point:  it  differs  from  oxybenzoic  acid  by  its  behavior  when 
heated. 

In  its  relations  to  metals,  salicylio  acid  appears  to  be  intermediate  be- 
tween monobasic  and  bibasio  acids.  With  the  alkali-metals  and  silver,  it 
forms  only  acid  salts  like  CTH.KOt;  but  with  dyad  metals  it  forms  both 
acid  and  neutral  salts ;  with  calcium,  for  example,  the  two  salts,  CTH4Ca"Os 
and  CuHMCa//06,  or  (CTH50,),Ca".  The  neutral  salts  are,  however,  much 
less  easily  formed  than  the  acid  salts,  being  produoed  only  in  presence  of 
a  large  excess  of  base.  Its  formation  from  carbon  dioxide  and  phenol 
seems  to  show  that  it  may  be  regarded  as  acid  phenyl  carbonate,  (CO)" 
(OCcHs)(OH);  and  in  the  neutral  salicylates  of  bivalent  metals,  such  as 
C7H4Ca"0,,  the  metal  appears  to  replace  one  atom  of  hydrogen  from  the 
group  OH,  and  another  from  the  group  0C6Hs.* 

•  ffria,  Ann.  Oh.  Pbarm.  xcW.  282. 
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Salicylic  acid  forms  both  acid  and  neutral  ethers.  Oil  of  wintergreen, 
as  already  observed,  consists  of  methyl-salicylic  acid,  CTHft(CHs)OL  A 
similar  compound,  containing  ethyl,  is  obtained  by  distilling  crystallized 
salicylic  acid  with  alcohol  and  sulphuric  acid  These  compounds  are  mono- 
basic acids,  the  basic  hydrogen  of  which  may  be  replaced  by  metals  or  by 
alcoholic-radicals,  forming  neutral  salicylic  ethers,  such  as  CTH^(CHs)sOs> 
C,Hf(CH,)(CsH6)Or  Ac.  There  is  also  an  ethene-saiicylic  acid,  C^H,, 
(CtH4)//Or  consisting  of  a  double  molecule  of  salicylic  acid  with  two  by- 
arogen-atoms  replaced  by  ethene ;  it  is  produced  by  heating  ethene-bromide 
with  silver  salicylate. 

Carboeresylio  and  Cretotio  Acid*,*  CtHtOs.  —  The  sodium-salts  of  these 
acids  are  formed  simultaneously  by  the  action  of  carbon  dioxide  and  sodi- 
um on  cresol,  C7H60.  On  treating  the  product  with  hydrochloric  acid,  the 
carbocresylic  acid  is  resolved  intooarbonic  dioxide  and  cresol,  while  the  ere- 
actio  acid  remains  undecomposed,  and  may  be  washed  out  with  ammonium 
carbonate ;  the  solution,  on  evaporation,  yielding  the  cresotic  acid  in  fine 
large  prisms  which  melt  at  163°  C.  (807°  F.),  are  slightly  soluble  in  water, 
easily  in  alcohol  and  ether.  It  forms  a  deep  violet  color  with  ferric  chlo- 
ride. When  heated  with  causic  baryta,  it  is  resolved  into  carbon  dioxide 
and  cresol.  With  regard  to  their  comparative  facility  of  decomposition, 
carbocresylic  and  cresotic  acids  appear  to  be  related  to  one  another,  in  the 
same  manner  as  salicylic  and  oxy benzoic  acids. 

Formebensoie  Aoid,  C8H808,  is  produced  by  evaporating  crude  bitter- 
almond  oil  to  dryness  with  hydrochloric  acid,  and  exhausting  the  residue 
with  ether,  which  leaves  sal-ammoniac  undissolved.  It  contains  the  ele- 
ments of  bensoio  acid,  C7H6Or  and  formic  acid,  CHtOr  minus  an  atom  of 
oxygen ;  and  its  formation  appears  to  be  due  to  the  action  of  the  hydro- 
chloric acid  on  the  hydrocyanic  acid  of  the  orude  bitter-almond  oil,  where- 
by that  acid  is  resolved  into  ammonia  and  formic  acid.  Formobenzoie  acid 
forms  white  crystals  soluble  in  water.  It  is  resolved  by  oxidizing  agents 
into  bitter-almond  oil  (CTHftO),  and  carbon  dioxide. 

Anisio  Aald,  C8HgOr  or  Methyl-paraoxybensoic  acid.  CTH5(CH$)Or — This 
aoid  is  produced  by  oxidation  of  anisic  aldehyde,  CtH8Or  in  contact  with 
.  platinum  black,  or  by  treatment  with  dilute  nitric  acid  (strong  nitric  acid 
would  convert  it  into  nitranisio  acid) ;  also  by  dropping  anisio  aldehyde 
into  fused  potash : 

<W>s        +        KOH        =        C,H7KO,        +        Hf. 

It  is  usually  prepared  by  oxidizing  anise-camphor,  C^H^O,  or  the  crude 
oils  of  anise,  fennel,  and  tarragon,  which  contain  that  compound  in  solu- 
tion, with  nitric  acid.  Anisic  aldehyde  is  first  produced,  according  to  the 
equation : 

CioHu°      +      Ot    =    C.H.0,      +      C,H04      +      OH, 
Anise-  Anisio  Oxalic 

camphor.  aldehyde.  acid. 

and  subsequently  oxidized  to  anisio  acid.  It  may  also  be  produced  syn- 
thetically by  treating  potassium  para-oxybenzoate  with  methyl  iodide, 
whereby  the  methylio  ether  of  methyl-paraoxybensoic  acid  is  produced : 

CJX&fii      +      2CH.I    =    2KI      +      CTH4(CH,)0?.CHf 
Potassium  Methylic 

para-oxybenzoate.  metbyl-paraoxybenzoate. 

•  Kolbe  and  Latttemann,  Ann.  Cb.  Phann.  cxt.  903. 
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And  boiling  this  compound  with  potash : 

CtlL(CHs)Os.CH8    +    OH,    =    CHs(OH)    +    C7H6(CH8)08 
Methylic  methyl-  Methyl  Methyl-para- 

paraoxybenzoate.  alcohol.  benzoic  acid. 

Ethyl-parabenzoic  acid,  CTH6(C,H6)Or  may  be  produced  in  a  precisely 
similar  manner. 

Anisio  acid  crystallizes  in  brilliant  colorless  prisms  melting  at  175°  C. 
(£47°  F.),  moderately  soluble  in  hot* water,  easily  in  alcohol  and  ether.  It 
yields  substitution-products  with  chlorine,  bromine,  and  nitric  acid.  By 
distillation  with  lime  or  baryta  it  is  resolved  in  carbon  dioxide  and  ani- 
sol  or  methyl-phenol  (p.  551) : 

C8H808  =  CO,         +  C7H8Or 

Anisic  acid  is  monobasic,  and  most  of  its  salts  are  crystallizable. 

Fhloretio  Acid,  C^H^O^  is  produced,  together  with  phloroglucin,  by  the 
action  of  potash  on  phloretin,  a  substance  resulting  from  the  action  of  di- 
lute acids  on  phlorizin  (p.  581) : 

C.,H140,       +       OH,       =       C.H.,0,       +        C.H.O, 
Phloretin.  Phloretio  Phloro- 

acid.  glucin. 

It  forms  prismatic  crystals  melting  at  about  129°  C.  (264°  F.),  somewhat 
less  soluble  in  water  than  in  alcohol ;  produces  a  green  color  with  ferric 
chloride.  When  heated  with  lime  or  baryta,  it  is  resolved  into  carbon  di- 
oxide and  phlorol,  C8HwO,  which  passes  oyer  as  a  brown  oily  distillate : 

ctHio°t        +        Ba0        =        COsBa        +        C8Hio°- 
Phloretic  acid  is  bibasic,  forming  acid  and  neutral  salts. 

Another  acid  containing  C8H,008  is  formed  by  the  action  of  potash  on  the 
cyano-hydrate  or  cyanhydrin  of  anisic  alcohol,  C8Hl0O,: 

C8H8(CN)(OH)        +        20H,        =        NH8        +        C8H10O8 

Anisio  Acid, 

cyanhydrin. 

Thymotic  and  Thymyl-carbonic  Acids,  CnHu08. — These  isomeric  acids 
axe  produced  simultaneously  by  the  action  of  sodium  and  carbon  dioxide 
on  thymol,C,0HuO  (p.  554);  and  are  separated  in  the  same  manner  as  the 
homologous  compounds,  cresyl-carbonic  and  cresotic  acids.  Thymotic  acid 
is  a  crystalline  body,  melting  at  120°,  nearly  insoluble  in  cold,  slightly 
soluble  in  boiling  water ;  it  produces  a  fine  blue  color  with  ferric  chloride. 
Heated  with  baryta,  it  is  resolved  into  carbon  dioxide  and  thymol. 


5.— Series  CnH-^O, 


'r 


Oanmaxie  Aoid,  C9H808,  the  only  known  acid  of  this  series,  is  produced 
by  the  action  of  boiling  potash  solution  on  coumarin,  C9H8Or  the  odorifer- 
ous principle  of  the  Tonka  bean.  It  crystallizes  in  lammsB,  having  a  bitter 
taste,  soluble  in  water,  alcohol,  and  ether,  melting  at  190°  C.  (374°  F.). 
Fused  with  potash,  it  gives  off  hydrogen,  and  yields  potassium  salicylate 
and  apparently  also  acetate : 

CtH808     +     2KOH    =    C7H8K08    +     C8H8KO,    +     H,. 
It  is  monobasic,  and  decomposes  carbonates. 
There  are  no  known  acids  belonging  to  the  series  CBHV1.1,08  and  CBH^.M08. 
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6.—  Series  CBH^_ttOt. 

Beniilic  Acid,  C,4HHOr  —  This  acid  is  produced  by  the  action  of  alcoholic 
potash  on  benioin,  CI4H„Or  a  polymeric  modification  of  bemoic  aldehyde, 
C7HeOr  which  remains  in  the  retort  when  the  crude  oil  is  distilled  with 
lime  or  iron-oxide  to  free  it  from  hydrocyanic  acid ;  or  on  bensile,  CuHwOr 
a  crystalline  substance  formed  from  bensoin  by  the  action  of  chlorine.  On 
saturating  the  alkaline  solution  with  hydrochloric  acid,  and  leaving  the 
filtered  liquid  to  cool,  benxilic  acid  separates  in  small  colorless  transparent 
crystals,  slightly  soluble  in  cold,  more  soluble  in  boiling  water;  it  melts 
at  120°  C.  (248°  F. ),  and  cannot  be  volatilised  without  decomposition.  It 
dissolves  in  cold  strong  sulphuric  acid  with  fine  carmine  color. 


DIATOMIC  AND  BIBASIC  ACIDS. 

These  acids  contain  the  group  oxatyl,  COsH,  twice,  and  mast  therefore 
contain  four  atoms  of  oxygen.  They  may  all  be  included  in  the  general 
formula,  R"(  00,11),, — R  denoting  a  diatomic  hydrocarbon-radical, — or 
they  may  be  regarded  as  compounds  of  oxygenated  radicals  with  two  equi- 
valents of  hydroxyl,  e.  g.,  succinic  acid  as  (C^rLO,)"  (OH)r 

They  are  produced:  —  1.  By  oxidation  of  the  corresponding  glycols, 
R"(CH,OH)r  the  change  consisting  in  the  substitution  of  O,  for  H.  (p.  557). 
In  this  manner  oxalic  acid,  C,H,04,  is  formed  from  ethene  alcohol,  CtHfOr 
and  malonic  acid,  C,H404,  from  propene  alcohol,  C,H80, ;  but  the  higher 
glycols  split  up  under  the  influence  of  oxidizing  agents,  and  do  not  yield 
bibasic  acids  containing  the  same  number  of  carbon-atoms  as  themselves. 

2.  By  boiling  the  cyanides  of  diatomic  alcohol-radicals  with  alcoholic 
potash ;  e.  g.  : 

(C.H«)"(CN),    +    2KOH    +   20Ha   =   2NH,    +    (C,Hf)"(CO,K), 
Vropene  Potassium 

cyanide.  pyrotartrate. 

This  reaction  is  analogous  to  that  by  which  the  fatty  acids  are  formed 
from  the  cyanides  of  the  monatomio  alcohol-radicals,  CaHte+,  (p.  599). 

8.  By  the  addition  of  hydrogen  to  other  acids  containing  a  smaller  pro- 
portion of  that  element ;  in  this  manner  succinic  acid,  C4Ht04,  is  formed 
from  fumaric  acid,  C4H404. 

4.  By  the  action  of  heat  on  acids  of  more  complicated  structure ;  e.  g.  : 

2C4H60«     =     SCO,     +     20H,     +     CsH804 
Tartaric  Pyrotar- 

acid.  taric  acid. 

5.  Many  of  these  acids  are  produced  by  the  action  of  powerful  oxidizers 
on  a  variety  of  organic  bodies :  thus,  succinic  acid,  C4H804,  and  its  homo- 
logues,  are  produced  by  treating  various  fatty  and  resinous  bodies  with 
nitric  acid. 

The  known  acids  of  this  group  belong  to  the  series  CnHto_f04,  C^H^^O^ 
CBHt»_|04,  and  CnHta_io04  The  acids  of  the  first  series,  and  probably  also 
those  of  the  third  and  fourth,  are  saturated  compounds ;  but  those  of  the 
second  are  unsaturated,  being  capable  of  taking  up  two  atoms  of  hydrogen, 
bromine,  and  other  monad  elements,  whereby  they  are  converted  into  acids 
of  the  first  series. 
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1. —Oxalic  or  Succinic  8eri*f,  CBHtn_40i. 

The  known  acids  of  this  series  are : 

Pimelic  acid   . 
Suberic  acid  . 
Anchoic  acid  . 
Sebic  acid 
Boccellio  acid 


Oxalic  acid 

•     C«HA 

Malonic  acid     . 

.     C,H404 

Succinic  acid    . 

.     C4Hf04 

Pyrotartario  acid 

.     C5H804 

Adipio  acid 

•      CSH»°4 

CTHuO« 
C,HM04 

Sfifi 


COOH 

Oxalic  Acid,  C ^,04  =  I  =  (ci°i)"(0H)r  —  This  important  acid 

COOH 
exists  ready  formed  in  many  plants  as  a  potassium  or  calcium-salt,  and  is 
produced  by  the  oxidation  of  a  great  variety  of  organic  compounds.  In 
some  cases  the  reaction  consists  in  a  definite  substitution  of  oxygen  for  hy- 
drogen ;  thus  oxalio  acid  is  formed  from  ethene  alcohol,  C,H6Or  by  sub- 
stitution of  O,  for  H4,  and  from  ethyl  alcohol,  CsHfO,  by  the  same  substitu- 
tion and  further  addition  of  one  atom  of  oxygen.  But  in  most  cases  the 
reaction  is  more  complex,  consisting  in  a  complete  breaking  up  of  the  mole- 
cule. In  this  manner  oxalic  acid  is  produced  in  great  abundance  from 
more  highly  carbonixed  organic  substances,  such  as  sugar,  staroh,  cellulose, 
Jtc,  by  the  action  of  nitric  acid,  or  by  fusion  with  caustic  alkalies. 

Oxalic  acid  is  also  produced :  a.  As  a  sodium  or  potassium-salt  by  direct 
combination  of  the  alkali-metal  with  carbon  dioxide  : 

2CO,        +        Na,       =        C,04Nar 

The  sodium-salt  is  obtained  by  passing  the  carbon  dioxide  oyer  a  heated 
mixture  of  sodium  and  sand;  the  potassium-salt,  by  heating  potassium 
amalgam  in  the  gas.* 

0.  As  an  ammonium-Bait,  together  with  other  products,  in  the  decompo- 
sition of  cyanogen  by  water: 

CaN,       +        40H,        =        C,(NH4),04. 

y.  As  a  potassium-salt  by  heating  potassium  formate  with  excess  of  pot- 
ash: 


2CHKO, 


<W>4 


+ 


H. 


Preparation. — 1.  By  the  oxidation  of  sugar  with  nitric  acid : 

CuH»Ou        +        018       =        6C,H,04        +        60Hr 

One  part  of  sugar  is  gently  heated  in  a  retort  with  5  parts  of  nitric  acid 
of  sp.  gr.  1*42,  diluted  with  twice  its  weight  of  water;  copious  red  fumes 
are  then  disengaged,  and  the  oxidation  of  the  sugar  proceeds  with  violence  f 
and  rapidity.  'When  the  action  slackens,  heat  may  be  again  applied  to  the 
vessel,  and  the  liquid  concentrated,  by  distilling  off  the  superfluous  nitric 
acid,  until  it  deposits  crystals  on  cooling.  These  are  drained,  redissolved 
in  a  small  quantity  of  hot  water,  and  the  solution  is  set  aside  to  cool. 

2.  By  heating  sawdust  with  caustic  alkali. 

Many  years  ago,  Gay-Lussac  observed  that  wood  and  several  other  or- 
ganic substances  were  converted  into  oxalic  acid  by  fusion  with  caustic 
potash.  Messrs.  Roberts,  Dale  &  Co.  have  lately  founded  upon  this  obser- 
vation a  new  method  for  the  preparation  of  oxalio  acid,  which  furnishes 
this  acid  much  cheaper  than  any  other  process.  A  mixed  solution  of  the 
hydrates  of  sodium  and  potassium  in  the  proportion  of  two  equivalents  of 
the  former  to  one  of  the  latter,  is  evaporated  to  about  1  -35  sp.  gr.  and  then 
mixed  with  sawdust,  so  as  to  form  a  thick  paste,  which  is  placed  in  thin 
•  KeUx  and  Dnctod,  Ctaem.  8oc.  Journal  [2J  t1.  12L 
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layers  on  iron  plates.  The  mixture  is  now  gradually  heated,  car*  being 
taken  to  keep  it  constantly  stirred.  The  action  of  heat  expels  a  quantity 
of  water,  and  the  mass  intumesces  strongly,  with  disengagement  of  much 
inflammable  gas,  consisting  of  hydrogen  and  carbonetted  hydrogen.  The 
mixture  is  now  kept  for  some  hours  at  a  temperature  of  204°  C.  (400°  F.), 
care  being  taken  to  avoid  charring,  which  would  cause  a  loss  of  oxalic 
acid.  The  product  thus  obtained  is  a  gray  powder ;  it  is  now  treated  with 
water  at  about  15*6°  C.  (60°  F.),- which  leaves  the  sodium  oxalate  undis- 
solved. The  supernatant  liquid  is  drawn  off,  evaporated  to  dryness,  and 
heated  in  furnaces  to  recover  the  alkalies,  which  are  caustified  and  used 
for  a  new  operation.  The  sodium  oxalate  is  washed  and  decomposed  by 
boiling  with  slaked  lime,  and  the  resulting  calcium  oxalate  is  again  decom- 
posed by  means  of  sulphuric  acid.  The  liquid  decanted  from  the  calcium 
sulphate  is  evaporated  to  crystallization  in  leaden  vessels,  and  the  crystals 
are  purified  by  re-crystallization. 

Oxalio  acid  separates  from  a  hot  solution  in  colorless,  transparent  crys- 
tals derived  from  an  oblique  rhombic  prism,  and  consisting  of  CJBa04. 
20Hr  The  two  molecules  of  crystallisation-water  may  be  expelled  by  a 
very  gentle  heat,  the  crystals  crumbling  down  to  a  soft  white  powder,  con- 
sisting of  anhydrous  oxalic  acid,  C.Hs04,  which  may  be  sublimed  in  great 
measure  without  decomposition.  The  crystallised  acid,  on  the  contrary,  is 
decomposed  by  a  high  temperature  into  formic  acid,  carbon  monoxide  and 
carbon  dioxide,  without  leaving  any  solid  residue : 

20,11,04    «=     CH,0,    +    CO    +    2CO,    +    OHr 

The  crystals  of  oxalio  acid  dissolve  in  8  parts  of  water  at  15*5°,  and  in 
their  own  weight,  or  less,  of  hot  water:  they  are  also  soluble  in  spirit. 
The  aqueous  solution  has  an  intensely  sour  taste  and  most  powerful  acid 
reaction,  and  is  highly  poisonous.  The  proper  antidote  is  chalk  or  magne- 
sia. Oxalic  acid  is  decomposed  by  hot  oil  of  vitriol  into  a  mixture  of  car- 
bon monoxide  and  carbon  dioxide :  it  is  slowly  converted  into  carbonic 
acid  by  nitric  acid,  whence  arises  a  considerable  loss  in  the  process  of 
manufacture  from  sugar.  The  dioxides  of  lead  and  manganese  effect  the 
same  change,  becoming  reduced  to  monoxides,  which  form  salts  with  the 
unaltered  acid. 

Oxalates. — Oxalic  acid,  like  other  bibasio  acids,  forms  with  monatomic 
metals,  neutral  or  normal  salts  containing  C,M,04,  and  acid  salts,  C,HM04. 
With  potassium  and  ammonium  it  likewise  forms  hyper-acid  salts,  e.  y., 
C,HK04.  CtH,04,  or  C4HgKO..  With  most  diatomic  metals  it  forma  only 
neutral  salts,  C2M"04 ;  with  barium  and  strontium,  however,  it  forms  acid 
salts  analogous  to  the  hyper-acid  oxalates  of  the  alkali-metals.  It  also 
forms  numerous  well-crystallised  double  salts.  It  is  one  of  the  strongest 
acids,  decomposing  dry  sodium  chloride  when  heated,  with  evolution  of 
hydrochloric  acid,  and  converting  sodium  chloride  or  nitrate  in  aqueous 
solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water :  the  rest  are  for 
the  most  part  insoluble  in  water,  but  soluble  in  dilute  acids. 

All  oxalates  are  decomposed  by  heat.  The  oxalates  of  the  alkali-metals, 
and  also  of  the  alkaline  earth-metals,  if  not  too  strongly  heated,  give  off 
carbon  monoxide  and  leave  carbonates,  while  the  oxalates  of  those  metals 
whose  carbonates  are  decomposed  by  heat  (sine  and  magnesium,  for  ex- 
ample) give  off  carbon  monoxide  and  carbon  dioxide,  and  leave  metallio 
oxides.  The  oxalates  of  the  more  easily  reducible  metals  (silver,  copper, 
&c.)  give  off  carbon  dioxide  and  leave  the  metal;  the  lead-salt  leaves  sub- 
oxide of  lead,  and  gives  off  8  volumes  of  carbon  dioxide  to  1  volume  of  car- 
bon monoxide: 

2CfPb404    =    Pb.0    +    8CO,    +    CO. 
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Oxalates  heated  with  sulphuric  aeidgWe  off  carbon  monoxide  and  dioxide, 
and  leave  a  residue  of  sulphate.  In  this  case,  as  well  as  in  the  decompo- 
sition by  heat  alone,  no  separation  of  carbon  takes  place,  and  consequently 
the  residue  does  not  blacken:  this  character  distinguishes  the  oxalates 
from  the  salts  of  all  other  carbon  acids. 

Oxalic  acid  and  the  soluble  oxalates  give  with  calcium  chloride  a  precipi- 
tate of  calcium  oxalate,  insoluble  in  water  and  in  acetic  acid,  but  soluble 
in  hydrochloric  and  nitric  acid.  This  reaction  affords  a  very  delicate  test 
for  the  presence  of  oxalic  acid :  the  insolubility  of  the  precipitated  oxalate 
in  acetic  acid  distinguishes  it  at  once  from  the  phosphate. 

Potassium  Oxalates. — The  neutral  tail,  C,Ka04  .  2  Aq.,  prepared  by  neu- 
tralizing oxalic  acid  with  potassium  carbonate,  crystallizes  in  transparent 
rhombic  prisms,  which  become  opaque  and  anhydrous  by  heat,  and  dissolve 
in  3  parts  of  water. — The  add  oxalate  or  binoxalate,  C,HK04 .  2  Aq.,  some- 
times called  salt  of  sorrel,  from  its  occurrence  in  that  plant,  is  found  also 
in  other  species  of  Rumex,  in  Oxalis  aeetosella,  and  in  garden  rhubarb,  as- 
sociated with  malic  acid.  It  is  easily  prepared  by  dividing  a  solution  of 
oxalic  acid  in  hot  water  into  two  equal  portions,  neutralizing  one  with  po- 
tassium carbonate,  and  adding  the  other :  the  salt  crystallizes,  on  cooling, 
in  colorless  rhombic  prisms.  The  crystals  have  a  sour  taste,  and  require 
40  parts  of  cold,  and  6  of  boiling  water  for  solution.  A  solution  of  this  salt 
is  often  used  for  removing  ink  from  paper.  The  hyper-acid  oxalate  or  quad- 
roxalate,  C,HK04 .  C,Ha04 .  2  Aq.,  is  prepared  by  a  process  similar  in  prin- 
ciple to  that  last  described.  The  crystals  are  modified  octohedrons,  and 
are  less  soluble  than  those  of  the  binoxalate,  which  the  salt  in  other  re- 
spects resembles. 

Sodium  oxalate,  CaNaf04,  has  but  little  solubility ;  a  binoxalate  exists. 

Ammonium  Oxalates.— The  neutral  salt,  Ca(NH4),04 .  2  Aq.,  is  prepared 
by  neutralizing  a  hot  solution  of  oxalic  acid  with  ammonium  carbonate.  It 
crystallizes  in  long,  colorless,  rhombic  prisms,  which  effloresce  in  dry  air 
from  loss  of  water  of  crystallization.  They  are  not  very  soluble  in  cold 
water,  but  dissolve  freely  by  the  aid  of  heat. 

The  dry  salt  when  heated  in  a  retort  gives  off  water,  and  yields  a  subli- 
mate of  oxamide:  * 


(C,0,)"(ONH ),    =    20H,    +    (C,0,)"(NH,). 
Ammonium  oxalate.  Oxamide, 


r 


When  distilled  with  phosphoric  oxide,  it  gives  up  four  molecules  of  water 
and  yields  a  considerable  quantity  of  cyanogen,  C2(NH4),04  —  40H,  a  2CN. 
Other  products  are,  however,  formed  at  the  same  time. 

Acid  ammonium  oxalate,  or  binoxalate,  C,H(NH4)04 .  Aq.,  is  still  less  soluble 
than  the  neutral  salt  When  heated  in  an  oil-bath  to  232°  C.  (460°  F.),  it 
loses  one  molecule  of  water,  and  yields  oxamic  acid,  CjH-NO,,  or  (C.O.)" 
(OH^NH,);  other  products  are,  however,  formed  at  the  same  time. 

Calcium  Oxalate,  CaCa"04 .  4  Aq.,  is  formed  whenever  oxalic  acid  or  an 
oxalate  is  added  to  a  soluble  calcium-salt ;  it  falls  as  a  white  powder,  which 
acquires  density  by  boiling,  and  is  but  little  soluble  in  dilute  hydrochloric, 
and  quite  insoluble  in  acetic  acid.  Nitric  aoid  dissolves  it  easily.  When 
dried  at  100°,  it  retains  a  molecule  of  water,  which  may  be  driven  off  by  a 
rather  higher  temperature.  Exposed  to  a  red  heat  in  a  close  vessel,  it  is 
converted  into  calcium  carbonate,  with  escape  of  carbon  monoxide. 

The  oxalates  of  barium,  zinc,  manganese,  copper,  nickel,  cobalt,  and  ferrous 
oxalate,  are  nearly  insoluble  in  water :  magnesium  oxalate  is  sparingly  solu- 
ble; ferric  oxalate  is  freely  soluble.—  Potassio-chromic  oxalate,  (CjO^gCr"' 
*  So©  the  chapter  on  Amidw. 
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Ka .  8  Aq.,  prepared  by  dissolving  in  hot  water  1  part  of  potassium  bichro- 
mate, 2  parts  of  potassium  binoxalate,  and  2  parts  of  crystallized  oxalic 
acid,  is  one  of  the  most  beautiful  salts  known.  The  crystals  appear  black 
by  reflected  light  from  the  intensity  of  their  color,  which  is  pure  deep 
blue :  they  are  very  soluble.  A  corresponding  potaano-fem'e  oxalate  has 
been  formed :  it  crystallizes  freely,  and  has  a  beautiful  green  color. 

Ethyl  Oxalates. — The  neutral  oxalate,  or  Oxalic  ether,  CfiJCJSl^,  is 
most  easily  obtained  by  distilling  together  4  parts  of  potassium  binoxalate, 
5  parts  of  oil  of  vitriol,  and  4  parts  of  strong  alcohol.  The  distillation  may 
be  pushed  nearly  to  dryness,  and  the  •  receiver  kept  warm  to  dissipate  any 
ordinary  ether  that  may  be  formed.  The  product  is  mixed  with  water,  by 
which  the  oxalic  ether  is  separated  from  the  undecomposed  spirit :  it  is 
repeatedly  washed  to  remove  adhering  acid,  and  re-distilled  in  a  small  re- 
tort,  the  first  portion  being  received  apart  and  rejected.  Another  very 
simple  process  consists  in  digesting  equal  parts  of  alcohol  and  dehydrated 
oxalic  acid  in  a  flask  furnished  with  a  long  glass  tube  in  which  the  volatil- 
ised spirit  may  condense.  After  six  or  eight  hours'  digestion,  the  mixture 
generally  contains  only  traces  of  unetherified  oxalic  acid. 

Pure  oxalic  ether  is  a  colorless,  oily  liquid,  of  pleasant  aromatic  odor, 
and  1  -09  sp.  gr.  It  boils  at  188-8°  C.  (362°  F. ),  is  but  little  soluble  in  water, 
and  is  readily  decomposed  by  caustic  alkalies  into  a  metallic  oxalate  and 
alcohol.  With  solution  of  ammonia  in  excess,  it  yields  oxamide  and  alco- 
hol; thus: 

(<V>,)"(OC,H8),   +   2NH,  =  2HOC.H,   +    (^"(NH,), 
Ethyl  oxalate.  Ethyl  Oxamide. 

alcohol. 
This  is  the  best  process  for  preparing  oxamide. 

When  dry  gaseous  ammonia  is  conducted  into  a  vessel  containing  oxalic 
ether,  the  gas  is  rapidly  absorbed,  and  a  white  solid  substance  produced, 
which  is  soluble  in  hot  alcohol,  and  separates  on  cooling  in  colorless,  trans- 
parent, scaly  crystals.  They  dissolve  in  water,  and  are  both  fusible  and 
volatile.  This  substance  is  ozamethane,  the  ethylic  ether  of  oxamic  acid 
(p.  669): 

(C,Ot)"(OC,H6),    +    NH8    =    HOC.H.    +    CA(NH,)(OCtHJ 
Ethyl  oxalate.  Alcohol.  Ethyl  oxam&te. 

The  same  substance  is  formed  when  ammonia  in  small  quantity  is  added  to 
a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  dry  chlorine  in  excess  in  sunshine,  a 
white,  colorless,  crystalline,  fusible  body  is  produced,  insoluble  in  water, 
and  instantly  decomposed  by  alcohol.  It  consists  of  ptrchloretkylic  oxalate, 
C8C1J004.  or  C,04(CSC1S)2,  or  oxalic  ether  in  which  the  whole  of  the  hydro- 
gen is  replaced  by  chlorine. 

Ethyl  oxalate  is  converted  by  potassium  or  sodium  into  ethyl  carbonate, 
with  evolution  of  carbon  monoxide:  C2(C4H5^04  =  C(C,H8),08  -{-  CO; 
but  the  reaction  is  complicated  by  the  formation  of  several  other  products. 

When  ethyl  oxalate  is  agitated  with  sodium  amalgam  in  a  vessel  exter- 
nally cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a  soluble 
and  an  insoluble  portion,  the  latter  consisting  of  fermentable  sugar,  to- 
gether with  sodium  oxalate  and  at  least  one  other  sodium-salt,  while  the 
ethereal  solution  yields,  by  spontaneous  evaporation,  crystals  having  the 
composition  CuH1808,  and  consisting  of  the  ethylic  ether  of  a  tribasic  acid, 
C6H608,  called  desoxalic  acidy  because  it  is  produced  by  deoxidation  of  oxalic 
acid:  5C,H,04  -+-  6Ht  =  2C6H808  -f-  40Ht;  and  raeemo-carbonic  acid,  be- 
cause it  contains  the  elements  of  racemic  acid,  C4H608,  and  carbon  dioxide, 
CO«  and  is  resolved  into  those  two  compounds  when  its  aqueous  solution  is 
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heated  in  a  sealed  tube  with  a  small  quantity  of  sulphuric  acid.  The  de- 
composition of  ethylic  oxalate  by  sodium  amalgam  has  not  been  completely 
investigated,  but  the  formation  of  desoxalio  acid  and  glucose  may  be  re- 
presented by  the  equation : 

8C,H,04    +     14H»    ■=     2C5H«08    +    CeH^Og    +    10H,O. 
Oxalic  acid.  Desoxalic  acid.     Glucose. 

Ethyl  oxalate  treated  with  sino-ethyl,  and  afterward  with  water,  yields 
the  ethylic  ether  of  diethoxalic  acid,  C,H,(C,H6),0,,  and  similar  products 
with  sine-methyl  and  sino-amyl  (p.  630). 

Add  ethyl  oxalate,  or  Etkyloxalie  acid,  C,H(C,H5)04,  or  (C,0,)"(OH)(OC, 
Hs),  is  obtained  as  a  potassium-salt  by  adding  to  a  solution  of  neutral  ethyl 
oxalate  in  absolute  alcohol,  a  quantity  of  alcoholic  potash  less  than  suffi- 
cient to  convert  the  whole  into  potassium  oxalate  and  alcohol ;  on  dissolv- 
ing this  salt  in  hydrated  alcohol,  carefully  saturating  with  sulphuric  acid, 
and  neutralising  with  carbonate  of  lead  or  barium,  the  ethyloxalate  of 
lead  or  barium  is  obtained.  —  The  acid  itself  is  prepared  by  decomposing 
either  of  these  salts  with  sulphuric  acid ;  but  it  is  very  unstable,  and  is  de- 
composed by  concentration  into  alcohol  and  oxalic  acid.  —  The  potasrium- 
salt,  CJCJ\t)KOv  forms  crystalline  scales  which  begin  to  decompose  to- 
ward  lOO6. 

Mkthtl  Oxalate,  C,(CH,),Ov  or  (C,0,)"(0CH,)r  is  easily  prepared  by 
distilling  a  mixture  of  equal  weights  of  oxalic  acid,  wood-spirit,  and  oil  of 
vitriol.  A  spirituous  liquid  collects  in  the  receiver,  which,  when  exposed 
to  the  air,  quickly  evaporates,  leaving  the  methyl  oxalate  in  the  form  of 
rhombic,  transparent,  crystalline  plates,  which  may  be  purified  by  pressure 
between  folds  of  bibulous  paper,  and  redistilled  from  a  little  oxide  of  lend. 
The  product  is  colorless,  and  has  the  odor  of  ethyloxalate  ;  it  melts  at  61° 
C.(123°  F.),  and  boils  at  161° C.  (321°  F.),  dissolves  freely  in  alcohol  and 
wood-spirit,  and  also  in  water,  which,  however,  rapidly  decomposes  it,  es- 
pecially when  hot,  into  oxalic  acid  and  wood-spirit.  The  alkaline  hydrates 
effect  the  same  change  even  more  easily.  Solution  of  ammonia  converts  it 
into  oxamide  and  methyl  alcohol.  With  dry  ammoniacal  gas  it  yields 
methyl  oxamate,  or  oxamethylane,  (C,0?)"(NHa)(0CHt),  a  white,  solid  sub- 
stance, which  crystallises  from  alcohol  in  pearly  cubes. 

Etheni  Oxalate,  C,(C,H4)"04,  or  (C,0,)"(C,H40,)",  appears  to  be 
formed  by  the  action  of  ethene  bromide  on  silver  oxalate. 

Malonie  Acid,  CsH404  =  (CH,)".  (CO,H),  =  (C,H,0,)"(OH)r  —  This 
aoid  is  formed  by  the  slow  oxidation  of  propene  glycol  (p.  595) : 

<W>i     +      04      =      20H,      +      C,H404; 

also  by  oxidising  malic  acid  with  a  cold  solution  of  potassium  ohromate : 

<W>*    +    0,    =    CO,    +    OH,    +    C,H404; 
Malio  Malonie 

aoid.  aoid. 

and  by  the  action  of  alkalies  on  oyanacetio  aoid,  or,  better,  on  ethyl  cyan- 
acetate: 

C,Ha(CN)0,.C,H6    +    80H,    =    NH3    +    C,H60    +    C,H404 
Ethyl  cyanacetate.  Alcohol.      Malonio  acid. 

Malonie  acid  forms  large  rhombohedral  crystals,  soluble  in  water  and 
alcohol,  melting  at  140°  C.  (284°  F.),  and  resolved  at  150°  C.  (802°  F.) 
into  carbon  dioxide  and  acetic  acid.  —  Its  relations  to  bodies  of  the  urio 
acid  group  will  be  noticed  hereafter. 
60 
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Succinic  Acid,  C4Hf04=(C2H4)"(C09H)J  =  (C4H402)'/(OH)r— This  acid 
is  produced:   1.  By  heating  ethene  cyanide*  with  alcoholic  potash: 

C,H4(CN)2    +    40H,    =    2NH8    +     C4H604. 

2.  By  the  action  of  nascent  hydrogen  (evolved  by  sodium-amalgam)  on 
maleic  acid,  or  its  isomer,  fumaric  acid,  C4H404  -(-  Hs  =  C4H804.  —  3.  By 
the  action  of  hydriodic  acid  (or  water  and  phosphorus  iodide)  on  malic 
acid,  C4H806,  or  tartaric  acid,  CjHjO^  the  reaction  consisting  in  the  abstrac- 
tion of  1  or  2  atoms  of  oxygen,  with  formation  of  water  and  separation  of 
iodine.  —  4.  By  the  fermentation  of  malic  or  fumaric  acid,  and  of  many 
other  organic  substances,  especially  under  the  influence  of  putrefying 
casein ;  in  small  quantity  also  during  the  alcoholic  fermentation  of  sugar 
(p.  616,  foot-note).  — 5.  By  the  oxidation  of  many  organic  substances, 
especially  of  the  fatty  acids,  t  aHsaOr  and  their  glycerides,  under  the  in- 
fluence of  nitric  acid.  Its  formation  from  butyric  acid  is  represented  by 
the  equation  CfH80,  +  08  =  OHa  +  C4H804. 

Succinic  acid  occurs  ready  formed  in  amber  and  in  certain  lignites,  and 
occasionally  in  the  animal  organism.  By  heating  amber  in  iron  retorts,  it 
may  be  obtained  in  colored  crystals,  which  may  be  purified  by  treatment 
with  nitric  acid  and  re-crystalliiation  from  boiling  water.  The  acid  is, 
however,  more  advantageously  prepared  by  the  fermentation  of  malic  acid, 
the  crude  calcium  malate  obtained  by  neutralizing  the  juice  of  mountain- 
ash  berries  with  chalk  or  slaked  lime  being  used  for  the  purpose.  This 
salt  is  mixed  in  an  earthen  jar  with  water  and  yeast,  or  decaying  cheese, 
and  left  for  a  few  days  at  30°  or  40° ;  the  calcium  succinate  thus  obtained 
is  decomposed  by  dilute  sulphuric  acid ;  and  the  succinic  acid  is  purified 
by  crystallisation  from  water  and  by  sublimation. 

Succinic  acid  crystallises  in  colorless,  oblique  rhombic  prisms,  which 
dissolve  in  6  parts  of  cold  and  in  3  parts  of  boiling  water:  it  melts  at 
180°  C.  (356°  F.)  and  boils  at  235°  C.  (466°  F.),  at  the  same  time  under- 
going decomposition  into  water  and  succinic  oxide,  or  anhydride,  C4H4Or  or 
(C4H4Os)"0.  The  same  compound  is  formed  by  the  action  of  phosphorus 
pcntachloride  on  succinic  acid:  C4Hf04  -f  PC16  =  2HC1  -f  POC1,  -f 
C4H409.  It  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  in  alco- 
hol, than  succinic  acid. 

Succinic  acid,  being  bibasic,  forms,  with  monad  metals,  acid  and  neutral 
salts,  C4H.M04  and  C4H4Mt04,  and  with  dyad  metals,  neutral  salts,  con- 
taining C4H4M"04,  and  acid  salts,  C4H4M04.  C4He04.— There  are  also  a 
few  double  succinates,  several  basic  lead-salts,  and  a  hyperacid  potassium- 
salt 

Succinic  acid  is  distinguished  from  bensoio  acid  by  not  being  precipi- 
tated from  its  soluble  salts  by  mineral  acids,  and  by  forming  a  white  pre- 
cipitate with  barium  chloride,  on  addition  of  ammonia  and  alcohol. 

Pyrotartarie  Aoid,  C8H804  =  (C8H8)"(COtH)8  =  (C^OjJ'^OH),,  is  pro- 
duced by  the  dry  distillation  of  tartaric  acid,  and  by  the  action  of  alco- 
holic potash  on  propene  cyanide,  C8Hf(CN)r  It  forms  rhombic  prisms, 
very  soluble  in  water,  alcohol,  and  ether;  melts  at  112°  C.  (233°  F.),  vola- 
tilizes at  about  200°  C.  (892°  F.),  being  partly  resolved  into  water  and 
pyrotartarie  oxide,  C8H808.  It  forms  acid  and  neutral  salts  analogous  to  the 
succinates, 

Adipio  Aoid,  C8H10O4,  and  Pimelic  Aoid,  CjH^O^  are  produced  by  the  oxi- 
dation of  fats  with  nitric  acid. 

Snberio  Aoid,  C9UuO^  has  long  been  known  as  a  product  of  the  oxida- 

•  Ethene  cyanide  ia  obtained  by  heating  ethene  bromide,  Cfl^Br*,  with  an  alcoholic  eola- 
tion of  pofciMiiQm  cyanide.  ^ 
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lion  of  cork  by  nitric  acid.     Recently  it  has  been  produced,  together  with 
other  acids  of  the  series,  by  the  long-continued  action  of  nitric  acid  upon 
stearic  and   oleic  acids  and  other  tatty  bodies.     Suberic  acid  is  a  white  * 
crystalline  powder,  sparingly  soluble  in  cold  water,  fusible  and  volatile  by 
heat. 

Anchoio  Aoid,  or  Lepargylio  Acid,  CfHlf04,  is  formed,  together  with  other 
products,  by  the  action  of  nitric  acid  on  Chinese  wax  and  on  the  fatty  acids 
of  cocoa-nut  oil.  —  Azdaic  acid,  obtained  by  oxidizing  castor-oil  with  nitric 
acid,  has  the  same  composition  as  anchoic  acid,  but  differs  so  much  from  it 
in  physical  properties,  that  it  must  be  regarded  as  an  isomeric  or  alio- 
tropic  modification. 

Sebio  or  Sebaeio  Acid,  C,0H|804,  is  a  constant  product  of  the  de  struct  ire 
distillation  of  oleic  acid,  olein,  and  all  fatty  substances  containing  those 
bodies;  it  is  extracted  by  boiling  the  distilled  matter  with  water:  it  is 
also  formed  by  the  action  of  potash  on  castor-oil  (see  p.  652.)  It  forms 
small  pearly  crystals  resembling  those  of  benzoic  acid.  It  has  a  faintly 
acid  taste,  is  but  little  soluble  in  cold  water,  melts  when  heated,  and  sub- 
limes unchanged. 

Boccellio  Aoid,  CnHn04,  exists  in  Roccella  tinetoria,  nnd  other  lichens  of 
the  same  genus,  also  in  Leeanora  tartar  ta,  and  is  obtained  by  exhausting 
the  first-mentioned  plant  with  aqueous  ammonia,  precipitating  the  filtered 
liquor  with  calcium  chloride,  and  decomposing  the  resulting  calcium-salt 
with  hydrochloric  acid.  When  purified  by  solution  in  ether,  it  forms 
white,  rectangular,  four-sided  tabular  crystals,  melting  at  182°  C.  (270°  F.), 
and  subliming  at  200°  C.  (392°  F.),  being  partially  converted  at  the  same 
time  into  an  oxide,  Cl7H80O8.     This  acid  decomposes  carbonates. 


2.—  Fumario  Series  CnH^_404. 

This  series  includes  the  two  following  groups  of  isomerio  acids : 

Fumaric  and  Maleio  acids C4H404 

Itaconio,  Citraconic,  and  Mesaconic  acids       .         C5He04. 

They  are  unsaturated  compounds,  capable  of  taking  up  two  atoms  of  hy- 
drogen, bromine,  and  other  monad  elements,  and  passing  into  acids  of  the 
preceding  series. 

Fumaric  and  Maleio  Aeids,  C4H404  =  ((W'fCOjH),  =  (CsEfi^(OK)r 
When  malic  acid  is  heated  in  a  small  retort,  nearly  filled,  it  melts,  emits 
water,  and  enters  into  ebullition,  and  a  volatile  acid  passes  over,  which 
dissolves  in  the  water  of  the  receiver.  After  a  time,  small  solid,  crystal- 
line scales  make  their  appearance  in  the  boiling  liquid,  and  increase  in 
quantity  until  the  whole  becomes  solid.  The  process  may  now  be  inter- 
rupted, and  the  contents  of  the  retort,  after  cooling,  treated  with  cold 
water:  unaltered  malic  acid  is  thereby  dissolved  out,  and  a  less  soluble  acid 
is  left  behind,  called  fumaric  acid,  from  its  identity  with  an  acid  extracted 
from  the  common  fumitory  (Fumaria  officinalis). 

Fumaric  acid  forms  small,  white  crystalline  laminae,  which  dissolve  freely 
in  hot  water  and  alcohol,  but  require  for  solution  about  200  parts  of  cold 
water:  it  is  unchanged  by  hot  nitric  acid.  When  heated  in  a  current  of 
air  it  sublimes,  but  in  a  retort  undergoes  decomposition ;  this  is  a  phenom- 
enon often  observed  in  organic  bodies  of  small  volatility.  Fumaric  acid 
forms  acid  and  neutral  metallic  salts,  and  an  ether,  which,  by  the  action  of 
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Ammonia,  yields  fumaramide,   (C4HJ0,)//(NH2)r  is  the  form  of  a  white, 
amorphous,  insoluble  powder. 

The  volatile  acid  produced  simultaneously  with  fumaric  acid  is  called 
maleic  acid;  it  may  be  obtained  in  crystals  by  evaporation  in  a  warm  place. 
It  is  very  soluble  in  water,  alcohol,  and  ether,  has  a  strongly  acid  taste  and 
reaction,  and  is  convertible  by  heat  into  fumaric  acid.  Maleic  and  fumaric 
acids  are  formed  from  malio  acid  by  separation  of  a  molecule  of  water. 
Fumaric  acid,  when  heated  with  bromine,  combines  with  2  atoms  of  that 
element,  forming  dibromosuccinic  acid,  C4H4Br,04,  which  resembles  in  all  its 
properties  the  dibrominated  acid  prepared  from  succinic  acid  by  direct 
substitution.  On  heating  fumaric  acid  with  hydriodic  acid,  it  passes  into 
succinic  acid.  The  same  reaction  takes  place  on  treating  fumaric  acid  with 
water  and  sodium-amalgam,  C,H404  -|-  H,  s  C4Ht04.  The  deportment  of 
maleic  acid  with  bromine  and  nascent  hydrogen,  is  perfectly  analogous  to 
that  of  fumaric  acid ;  when  treated  with  hydriodic  acid,  it  passes  first  into 
fumario  acid,  and  then  into  succinic  acid  (Kekull). 

Itaeonie,  Citraoonie,  and  Meaaeonio  Acidi,  CgHg04.  — The  first  two  of  these 
acids  are  produced  by  the  action  of  heat  on  citric  acid.  When  crystallized 
citric  acid  is  heated  in  a  retort  it  first  melts  in  its  water  of  crystallization, 
and  then  boils,  giving  off  water.  Afterwards,  at  about  176°  C.  (347°  F.), 
vapors  of  acetone  distil  over,  and  a  copious  disengagement  of  carbon  mon- 
noxide  takes  place.  At  this  time  the  residue  in  the  retort  consists  of  aco- 
itic  acid.  If  the  distillation  be  still  continued,  carbon  dioxide  is  given 
off,  and  itaeonie  acid  crystallizes  in  the  neck  of  the  retort.  If  these  crys- 
tals be  repeatedly  distilled,  an  oily  mass  of  citraconio  oxide  or  anhydride  is 
obtained,  which  no  longer  solidifies.  These  compositions  are  represented 
by  the  following  equations : 

C6H80T  —  OH,  =  C6H«0« ;        C,H6Ot  —  CO,  =  C6H§04; 
Citric  Aconitic       Aconitio  Itaconio 

acid.  acid.  acid.  acid. 

C5H604        —        OH,        m        C6H40, 
Itaconio  Citraconio 

acid.  oxide. 

The  citraconio  oxide  when  exposed  to  the  air  absorbs  moisture,  and  is  con- 
verted into  crystallised  citraconio  acid,  CftHe04. 

Mesaconic  acid  is  produced  by  boiling  itaconio  acid  with  weak  nitric  acid. 
These  three  isomeric  acids  are  all  converted  by  nascent  hydrogen  into 
pyrotartaric  acid,  C5H,04.  They  also  take  up  a  molecule  of  hydrobromie 
acid,  HBr,  forming  monobromopyrotartaric  acid,  C8HTBr04,  or  of  bromine, 
Brr  forming  dibromopyrotartaric  acid.  Itaeonie  and  citraconio  acids  are, 
however,  more  inclined  to  these  transformations  than  mesaconic  acid,  which 
is  altogether  a  more  stable  compound.* 

Camphoric  Acid,  C10H1604,  produced  by  heating  camphor  (C^H^O)  with 
nitric  acid,  is  likewise  included  in  the  general  formula,  CaH9_404;  but  it 
appears  to  be  a  saturated  compound,  inasmuch  as  its  ethylic  ether  shows 
no  tendency  to  take  up  chlorine  or  other  elements.  The  acid  forms  small 
colorless  needles  or  plates,  of  acid  and  bitter  taste,  sparingly  soluble  in 
cold  water.  It  melts  when  heated,  and  yields  by  distillation  a  colorless, 
crystalline,  neutral  substance,  consisting  of  camphoric  oxide,  or  anhydride, 
CI0H.4Os.  Calcium  camphorate  when  distilled  yields  a  volatile  oil  consisting 
of  phorone,  CtHM0,  the  ketone  of  camphoric  acid: 

C10Hl4CaO4        =        CO,Ca        +        CtH140. 

•  For  an  explanation  of  the  feomfirlam  between  these  three  adds,  Me  Kehdi  (Bulletin  de  la 
BocMtt  Royale  de  Belglque  [2],  zzziv.  8;  also  Laboratory,  p.  898). 
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8.—  Series  C.H^^O^ 
The  only  known  acid  belonging  to  this  series  is: 

Xallitio  Acid,  C4H204,  which  occurs  as  an  aluminium-salt  in  a  very  rare 
mineral  called  mdlxte  or  honey  stone,  found  in  deposits  of  lignite.  It  is 
soluble  in  water  and  alcohol,  and  is  cry  stall  i  sable,  forming  colorless  needles. 
It  is  a  bibasic  acid,  forming  acid  and  neutral  salts :  the  mellitates  of  the 
alkali-metals  are  soluble  and  crystallizable ;  those  of  the  earths  and  heavy 
metals  are  mostly  insoluble. 

Ammonium  mellitate  yields  by  distillation  paramide  and  euehroic  acid. 
The  former  is  a  white,  amorphous,  insoluble  substance,  containing  C4HN08 
(i.  «.,  acid  ammonium  mellitate,  C4H(NH4)04  minus  20£L),  and  convertible 
by  boiling  with  water  into  acid  ammonium  mellitate.  Euehroic  acid  forms 
colorless,  sparingly  soluble  crystals,  containing  in  the  anhydrous  state 
CtH4N.04.  In  contact  with  metallic  zinc  and  deoxidizing  agents  in  general, 
it  yields  a  deep  blue  insoluble  substance  called  euchrone. 


4.—  Series  CnHm^O^ 


Qtrinonie  or  Quinoylic  acid,  C6H404,  is  not  actually  known,  but  its  dichlori- 
nated  derivative,  C8HaCl,04,  is  produced  by  the  action  of  potash  on  tetra- 
chloroquinone,  CeCl403.  It  is  a  crystalline  substance,  which  gives  off  water 
when  heated.     It  is  bibasic,  forming  acid  and  neutral  salts. 

Orsellinic  acid,  C8H804,  and  Evernic  acid,  C8H1004,  perhaps  belong  to  the 
same  series.  They  will  be  further  noticed  in  the  chapter  on  Coloring 
Matters. 


6.—  Series  0+^-^0 A. 

This  series  includes  the  isomeric  acids,  phthalio  and  terephthalio, 
C8H€Oi ;  also  insolinic  acid,  C9Hg04. 

Phthalio  Acid,  C8H604,  also  called  Alizarie  and  Naphthalic  acid,  is  pro- 
duced by  the  action  of  nitric  acid  on  naphthalene,  dichloride  of  naphtha- 
lene, alizarin,  and  purpurin  (the  coloring  matters  of  madder) : 

Ci,H8         +        08  =  C8H604        +        C,H,04 

Naphthalene.  Phthalic  acid.  Oxalic  acid. 

C,0H6O8        +    OH,+04     =  C8H604        +        C,H204. 

Alizarin. 

2C9H808       +    OHa+Os     =         2C8H604        +        CaH,04. 
Purpurin. 

It  is  usually  prepared  by  treating  naphthalene  dichloride  with  boiling  ni- 
tric acid. 

Phthalic  acid  crystallizes  in  colorless  plates :  it  is  but  slightly  soluble  in 
cold  water,  but  dissolves  freely  in  alcohol  and  ether.  It  is  bibasic,  form- 
ing acid  and  neutral  salts.  When  heated,  it  loses  a  molecule  of  water,  and 
leaves  phthalic  oxide,  C8H40s.  Treated  with  fuming  nitric  acid,  it  yields 
niiro-phtkalic  acid,  C8H6(NOa)04.  When  distilled  with  baryta,  it  gives  off 
benzene : 

<W>4        +        2Ba0        =        2C03Ba        +        C6H6. 
66* 
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Terephthalie  Add,  C8Hj04,  is  produced  by  the  oxidising  action  of  nitric 
acid  on  turpentine  oil,  lemon-oil,  and  other  terpenes,  also  on  cymene.  It 
is  a  white,  tasteless,  crystalline  powder,  not  perceptibly  soluble  in  water, 
alcohol,  or  ether.  It  is  distinguished  from  phthalic  acid  by  subliming 
without  alteration  when  heated,  and  not  being  resolved  into  water  and  an 
anhydride.  Although  bibasie,  it  forms  no  double  salts,  and  shows  but  little 
tendency  to  form  acid  salts.  Nearly  all  the  terephthalates  are  soluble  and 
orystallisable,  and  so  inflammable  that  they  may  be  set  on  fire  by  a  spark 
from  a  flint  and  steel,  and  burn  away  slowly  like  tinder,  emitting  the  odor 
of  bensene. 

Insolinio  Aoid,  C9H804,  is  produced  by  the  action  of  potassium  bichro- 
mate and  sulphuric  acid  on  cumic  acid,*  and  by  that  of  nitric  acid  on  coal- 
tar  cumene  (tri methyl-benzene,  p.  498),  sylic  acid  being  first  produced,  and 
afterward  further  oxidised  to  insolinio  acid :  f 

C-H^O,        +        08       =       CO,      +      20H,      +        C8H804 
Cumio  Isolinio 

acid.  acid. 

C.Hu        +        O,        =  C^O,  +        OH, 

Cumene.  Zyhc  acid. 

CfHwO,        +        0,        =  C8H804  +        0Hr 

Zyhc  acid.  Insoiinic  acid. 

Insolinio  acid  is  a  white  crystalline  powder,  and  resembles  terephthalic 
acid  in  being  nearly  insoluble  in  cold  and  sparingly  soluble  in  hot  water ; 
from  hot  alcohol  it  separates  in  crystalline  crusts.  When  heated  it  sub- 
limes without  previous  fusion,  and  in  part  without  decomposition.  It  is 
bibasio,  forming  neutral  acid  and  double  salts,  also  a  neutral  and  acid 
ethylio  ether  (Hofmann). 


TRIATOMIG  AND  MONOBASIC  ACIDS. 

These  acids  are  derived  from  triatomic  alcohols  by  substitution  of  0  for 
Hy  as  glyceric  aoid,  CtHf04,  from  glycerin,  CtH80,: 

CH,0H  CH.OH 

CHOH  CHOH 

CH2OH  COOH 

Glycerin.  Glyceric  acid. 


The  known  acids  of  the  group  are : 
Glyoxylic  acid  CtH404 

Glyoerio  acid    .  C8H,04 

Oxysalioylic  acid  .        CTHf04 


Eugetic  acid         .        C„HUD4 
Piperic  acid    .        .    CuHM04 


OH 

Glyoxylic  Add,  CsH404    =    CHOH.— This  acid  is  produced:  1.  By  the 

COOH 
action  of  nascent  hydrogen  (evolved  by  zinc  and  sulphuric  aoid)  on  oxalic 
acid:  C,H,04  +  H,  =  C,H404. 

•  Uofmatm.  Ann.  Ch.  Pharm.  xcril.  197. 

f  £&»«*  and  BefUUin,  Bull.  Soe.  Chlro.  do  Park  [2J,  rli.  346. 
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2.  By  boiling  silver  bromoglyoollate  with  water: 

C,H,AgBrO,    +        OH,        =        AgBr         +         C,H404. 
8.  By  the  oxidation  of  glycol,  alcohol,  or  glyoxal  with  nitric  acid : 

CtH60,  +  Oa        =        C,H404       +         OH, 

Glycol. 

C,H80  +  04        =        C,H404       +         OH, 

AlcohoL 

C,H,0.  +  0         +        OH,  =         C,H404.    . 

Glyoxal 
Glyoxylic  acid  may  be  obtained  by  evaporation  in  the  form  of  a  viscid 
transparent  syrup,  which  dissolves  readily  in  water,  and  distils  without 
alteration  at  100°.  It  dissolves  zinc  without  evolution  of  hydrogen,  and  is 
converted  into  glycolic  acid:  C,H404  +  Ht  =  C,H408  4-  OH,.  Glyoxylic 
acid  forms  salts  most  of  which  are  represented  by  the  formulae  C,Hs04M, 
and  (C,H|04),M//,  e.  g.,  the  silver-salt  is  C,H,04Ag,  and  the  calcium-salt, 
(C,H804),Ca".  The  ammonium-salt,  however,  has  the  composition  C,HO, 
(NH4),  apparently  derived  from  an  acid  containing  C,H,Os.  This  is  indeed 
the  formula  originally  assigned  to  glyoxylic  acid  by  Debus,*  who  discovered 
it.  This  formula  is  perfectly  consistent  with  the  formation  of  the  acid  by 
oxidation  of  glyoxal,  glycol,,  and  alcohol ;  but,  on  the  other  hand,  its  forma- 
tion from  oxalic  and  from  bromogly colic  acid  seems  rather  to  show  that  it 
consists  of  CtH404.f  Moreover,  if  the  acid  were  really  C,H,08,  it  would 
be  necessary  to  suppose  that  all  the  glyoxylates,  except  the  ammonium  salt, 
contain  water  of  crystallization,  the  silver-salt,  for  example,  being  C,H08 
Ag.OH, ;  now,  there  is  no  other  known  instance  of  a  silver-salt  containing 
water.  The  ammonium-salt  above  mentioned  is  probably  an  amide,  (C,H8 
0,)NHj,  formed  from  the  true  ammonium  glyoxylate,  C,H,04(NH4),  by  ab- 
straction of  water. 

Glyceric  Add,  C8H804.  —  This  acid,  isomeric  with  pyruvic  acid,  is  pro- 
duced by  the  action  of  nitric  acid  on  glycerin:  also  by  the  spontaneous 
decomposition  of  nitroglycerin,  and  by  heating  glycerin  with  bromine  and 
a  large  quantity  of  water  to  100°  in  a  sealed  tube : 

C*HA    +     2Bri    +    0Ha    =    4HBr    +    <WV 
Glyceric  acid,  when  concentrated,  is  a  colorless  non-crystallizing  syrup 
which,  when  heated  for  some  time  to  105°  C.  (221°  F.),  gives  off  water  and 
is  converted  into  glyceric  oxide  or  anhydride,  C8H408.     This  acid,  treated 
with  phosphorus  iodide,  is  converted  into  iodopropionio  acid,  CsH6IOr 

The  glycerates,  C8H604M'  and  (C8H604),M",  are  soluble  in  water  and 
crystallize  well.  They  are  not  reddened  by  ferrous  sulphate,  and  are 
thereby  distinguished  from  the  pyruvates,  with  which  they  are  isomeric. 

Oxysalioylic  Add,  C7H804,  is  produced  by  boiling  a  solution  of  iodosali- 
cylic  acid,  CrH5IOs,  with  potash.  It  forms  highly  lustrous  needles,  soluble 
in  water,  alcohol,  and  ether.  The  aqueous  solution  is  colored  deep  blue  by 
ferric  chloride.  The  crystallized  acid  melts  at  193°  C.  (379°  F.),  and  is 
resolved  between  210°  and  212°  C.  (410°-414°  F.)  into  carbonic  dioxide  and 
oxyphenol  or  pyrocatechin,  C8H80,  (p.  562),  and  its  isomer,  hydro-quinone. 
The  oxysalicylates  are  very  unstable. 

There  are  three  acids  isomeric  with  oxysalicylio  acid,  viz.,  kypogallic 
add,  produced  by  the  action  of  boiling  hydriodio  acid  on  hemipinio  acid, 

*   *  i'ci0H10O8    +    2HI    =    C7H604    +    2CH.I    +    CO,; 

*  Phil.  Mag.  [41,  xil.  36. 

f  Ptrkin  and  Jhtppa,  Ghent.  Soc  J.  [2],  vL  OT. 
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protocatechuic  acid,  produced,  together  with  oxalic  and  acetic  acids,  by  the 
action  of  melted  potash  on  piperic  acid,  C„Hw04: 

citHi©°*  +  S011!  ■■  ctH6<>4  +  CjH^  +  C,H40,  +  C0.+  7H,. 
and  car  bohydroqumonic  acid,  produced  by  a  peculiar  transformation  of  quinic 
acid. 

Eugatie  Aeid,  CuHu04,  is  produced  by  the  action  of  carbon  dioxide  and 
sodium  on  eugenol  or  eugenic  acid  (oxidixed  essence  of  cloves) : 

<VIMNaOa  +  COt  r=  C„HnNa04 

Sodium  Sodium 

eugenate.  eugetate. 

It  crystallites  from  hot  aqueous  solution  in  long  colorless  prisms,  melting 
at  124°  C.  (256°  F.),  slightly  soluble  in  cold  water,  very  soluble  in  alcohol 
and  ether.  The  aqueous  solution  is  colored  blue  by  ferric  chloride.  The 
acid  is  resolved  by  heat  into  carbon  dioxide  and  eugenic  acid. 

Piperic  Add,  C„H,004,  is  produced,  together  with  piperidine,  by  boiling 
piperine  (an  alkaloid  from  pepper)  with  potash : 

C17HlfN08        +        OH,        =        Cl2H10O4        +        C,H  N 
Piperine.  Piperic  Piperidine. 

acid. 
It  forms  yellowish  capillary  needles,  melting  at  160°  C.  (802°  F.),  and  sub- 
liming at  about  200°  C.  (892°  F.) ;  nearly  insoluble  in  water,  easily  soluble 
in  boiling  alcohol.  When  fused  with  potassium  hydrate  it  yields  protoca- 
techuic acid,  together  with  other  products.  The  piperates  even  of  the 
alkali-metals  are  sparingly  soluble  in  water,  the  rest  insoluble. 
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The  only  known  acids  of  this  group  are  malic  acid,  C4H,05,  and  larironic 
acid,  C,H405,  obtained  by  the  spontaneous  decomposition  of  nitrotartaric 
acid,  and  perhaps  also  croconic  acid,«CftH,05  (p.  678). 


Malic  Add,  C4H,0,  =  (CyW'fOH),,  or  (C4HfO,)"'  [£  .—This  acid 

is  formed  synthetically  by  the  action  of  moist  silver  oxide  on  monobromo- 
succinio  acid: 

2C4H6Br04    +     OAg,    +    OH,    =    2AgBr    +    2C4Hi0ft. 

It  is  also  produced  by  the  action  of  nitrous  acid  on  asparagin,  a  sub- 
stance existing  in  asparagus,  marsh-mallow,  and  other  plants,  or  on  aspar- 
tio  acid,  an  acid  formed  by  the  decomposition  of  asparagin  under  the  influ- 
ence of  acids  or  alkalies : 

C4H,N,0, 
Asparagin. 

C4H7N04 
Aspartic  acid. 

Malic  acid  is  the  acid  of  apples,  pears,  and  various  other  fruits :  it  is 
often  associated  with  citric  acid.     An  excellent  process  for  preparing  it  is 


+ 

2NO.H 

=  C4H606  +  20H,  +  2Nr 
Malic  acid. 

+ 

NO,H 

=  C.H.O,  +  OH,  +  Nr 
Malic  acid. 
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that  of  Everitt,  who  has  demonstrated  its  existence,  in  great  quantity,  in 
the  juice  of  the  common  garden  rhubarb :  it  is  there  accompanied  by  acid 
potassium  oxalate.  The  rhubarb  stalks  are  peeled,  and  ground  or  grated 
to  pulp,  which  is  subjected  to  pressure.  The  juice  is  heated  to  the  boiling 
point,  neutralised  with  potassium  carbonate,  and  mixed  with  calcium  ace- 
tate :  insoluble  calcium  oxalate  then  falls,  and  may  be  removed  by  filtra- 
tion. To  the  clear  and  nearly  colorless  liquid,  solution  of  lead  acetate  is 
added  as  long  as  a  precipitate  continues  to  be  produced ;  and  the  lead  ma- 
late  is  collected  on  a  filter,  washed,  diffused  through  water,  and  decom- 
posed by  sulphuretted  hydrogen.*  The  filtered  liquid  is  carefully  evap- 
orated to  the  consistence  of  a  syrup,  and  left  in  a  dry  atmosphere  until  it 
becomes  converted  into  a  solid  and  somewhat  crystalline  mass  of  malio 
acid :  regular  crystals  have  not  been  obtained.  From  the  berries  of  the 
mountain-ash  (Sorbus  aucuparia),  in  which  malic  acid  is  likewise  present  in 
considerable  quantity,  especially  at  the  time  they  begin  to  ripen,  the  acid 
may  be  prepared  by  the  same  process. 

Malic  acid  is  colorless,  slightly  deliquescent,  and  very  soluble  in  water : 
alcohol  also  dissolves  it.  The  aqueous  solution  has  an  agreeable  acid  taste: 
it  becomes  mouldy  and  spoils  by  keeping.  In  contact  with  ferments,  es- 
pecially of  putrefying  cheese,  it  is  decomposed,  yielding  succinic  and  acetic 
acids  and  carbon  dioxide : 

3C4H«08  =  2C4H604  +   C,H4Of    +    2CO,    +    OHr 
Sometimes  also  butyric  acid  and  hydrogen  are  found  among  the  products 
of  the  fermentation.     Malic  acid  is  converted  into  succinic  acid  by  digest- 
ing it  in  sealed  tubes  with  hydriodic  acid : 

C4H«Os     +     2HI     =     C4H604     +     OH,    +     Ir 
The  reconversion  of  succinic  into  malic  acid  has  been  already  mentioned. 
The    sodium-salt  of  bromomalio  acid,  CiH8Br05,  obtained  by  boiling  an 
aqueous  solution  of  sodium  dibromosuooinate  (C4H,NaBr,04),  is  converted 
by  boiling  with  lime-water  into  the  calcium-salt  of  tartaric  acid,  C4HeOc : 
C4H8Br05      +      OH,     =      HBr      +      C4H6Or 

Malic  acid  forms  both  acid  and  neutral  salts.  The  most  characteristic 
of  the  malates  are  acid  ammonium  malate,  C4H.O.(NH4),  which  crystallizes 
remarkably  well,  and  lead  malate,  C4H40«Pb" .  8  Aq.,  which  is  insoluble  in 
pure  water,  but  dissolves  to  a  considerable  extent  in  warm  dilute  acids,  and 
separates  on  cooling  in  brilliant  silvery  crystals,  containing  water.  By 
this  character  the  acid  may  be  distinguished.  Acid  calcium  malate,  C4H405 
Ca  .  C4H.Os  .  8  Aq.,  is  also  a  very  beautiful  salt,  freely  soluble  in  warm 
water.  It  is  prepared  by  dissolving  the  sparingly  soluble  neutral  malate  in 
hot  dilute  nitric  acid,  and  leaving  the  solution  to  cool. 

Malic  acid,  as  it  exists  in  plants,  and  as  obtained  from  asparagin,  or 
from  aspartic  acid  produced  from  the  latter,  exerts  a  rotatory  action  on 
polarized  light ;  [«]=  —  6° ;  but  by  the  action  of  nitrous  acid  on  inactive 
aspartic  acid  (resulting  from  the  decomposition  of  fumarimide),  Pasteur 
has  obtained  a  modification  of  malio  acid  which  is  also  optically  inactive. 
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But  few  of  these  acids  have  yet  been  obtained ;  the  most  important  are 
aconitic  acid  and  oarballylio  acid. 

*  If  the  add  be  required  pure,  crystallized  lead  malate  must  be  used,  the  freshly  precipi- 
tated salt  Invariably  carrying  down  a  quantity  of  lime,  which  cannot  be  removed  by  simple 
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Aconitic  Add,  C,H,0,  =  (C,H,0,)'"(OH)*  exists  in  monkshood  (Ac 
turn  Napdhu),  and  other  plants  of  the  same  genus,  also  in  Equuetum  jtuvia- 
tile,  and  is  one  of  the  products  obtained  by  the  dehydration  of  citric  acid 
(p.  664). 

When  crjstattiied  citric  acid  is  heated  in  a  retort  till  it  begins  to  become 
colored,  and  to  undergo  decomposition,  and  the  fused,  glassy  product,  after 
cooling,  is  dissolved  in  water,  aconitio  acid,  on  evaporation,  remains  as  a 
white,  confusedly  crystalline  mass,  permanent  in  the  air,  and  very  soluble 
in  water,  alcohol,  and  ether;  the  solution  has  an  acid  and  astringent  taste. 
The  salts  of  aconitic  acid  possess  but  little  interest ;  that  of  barium  forms 
an  insoluble  gelatinous  mass;  calcium  aconitaU,  which  has  a  certain  degree 
of  solubility,  is  found  abundantly  in  the  expressed  juice  of  monk's-hood, 
and  magnerium  aconitate  in  that  of  equiietum. 

CarballyUo  Acid,  0,11,0,  =  (C,H,0,)'"(0H),  =  (CtH,)'"(CO,H)r  is  pro- 
duced by  the  action  of  nascent  hydrogen  on  aconitic  acid,  and  by  that  of 
alcoholic  potash  on  propenyl  tricyanide,  or  tricyanhydrin: 

(C,H,)'"(CN),  +  8K0H  +  30H,  =  8NH,  +  ((^'"(CO.K), 
Tricyanhydrin.  Potassium 

carballylate. 
It  forms  colorless  trimetric  crystals  easily  soluble  in  water  and  alcohol, 
slightly  soluble  in  ether.  The  carballylates  of  the  alkali-metals  are  easily 
soluble  in  water,  the  rest  insoluble  or  sparingly  soluble.  The  ethylic  ether, 
(Ct*W"(OC,H6)„  is  a  liquid  boiling  between  295°  and  306°  C.  (563°- 
681°  F.). 


TETRATOMIC  ACIDS. 


These  acids  may  be  derived  from  tetratomic  alcohols  by  substitution  of 
one,  two,  three,  or  four  atoms  of  oxygen  for  a  corresponding  number  of 
hydrogen  molecules : 

CH,OH  CH,OH  COOH 

CHOH  CHOH  CHOH 

CHOH  CHOH  CHOH 

CH.OH  COOH  COOH 

Erythrite.  Erythrtc  acid  Tartaric  acid 

(monobasic).  (bibasic). 

Only  one  tetratomic  acid  has,  however,  been  actually  formed  by  oxida- 
tion of  the  corresponding  alcohol,  namely,  erythric  acid,  C4H,Oy  from 
erythride,  CJI^. 

The  known  tetratomic  acids  are  Gallic  acid,  C7H,05,  and  Erythric  arid, 
C4HgO,,  which  are  monobasic ;  Tartaric  acid,  C4H,Or  and  an  -acid,  C,H,0„ 
homologous  with  it,  obtained  by  the  action  of  moist  silver  oiide  on  dibromo- 
pyro tartaric  acid,  which  are  bibasic,  and  Citric  acid,  C,H80T,  which  is  tri- 
basic. 

Opianic  acid,  C10HwO6,  Hetnipinic  acid,  C10H„O,,  and  Meconic  acid,  C^Bfiv 
are  probably  also  tetratomic  acids;  the  first  being  monobasic,  the  second 
bibasic,  and  the  third  tribasic. 

H3  ) 

Gallic  Acid,   CTH,06  =  (CTH,0)'"(OH)4  =*  (CTHtO)«*  V04.—  This  acid 

H         J 
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exists  ready  formed  in  certain  plants,  as  sumach,  hellebore  root,  the  acorns 
of  Querent  xgilops,  green  and  black  tea,  and  others ;  it  is  also  produced  by 
the  transformation  of  gallo-tannic  acid,  and  is  therefore  found,  together 
with  the  latter,  in  old  nut-galls.  A  solution  of  tannic  acid  in  water  exposed 
to  the  air,  gradually  deposits  crystals  of  gallic  acid,  formed  by  the  destruc- 
tion of  the  tannic  acid.  The  simplest  method  of  preparing  gallic  acid  in 
quantity  is  to  take  powdered  nut-galls,  which,  when  fresh  and  of  good 
quality,  contain  30  or  40  per  cent,  of  tannic  acid,  with  scarcely  more  than 
a  trace  of  gallic ;  mix  this  powder  with  water  to  a  thin  paste,  and  expose 
the  mixture  to  the  air  in  a  warm  situation  for  two  or  three  months,  adding 
water  from  time  to  time,  to  replace  that  lost  by  drying  up.  The  mouldy, 
dark-colored  mass  thus  produced  may  then  be  strongly  pressed  in  a  cloth, 
and  the  solid  portion  boiled  in  a  considerable  quantity  of  water.  The 
filtered  solution  deposits  on  cooling  abundance  of  gallic  acid,  which  may 
be  drained  and  pressed,  and  finally  purified  by  recrystallization. 

Gallic  acid  has  lately  been  produced  by  the  action  of  moist  silver  oxide 
on  dibromo-,  or  di-iodosalicylic  acid : 

C,H4BrfO,    -|-    OAg,    +    OH,    =    2AgBr    +    C7Hf06; 

hence  it  may  be  regarded  as  dioxysalicylic  acid. 

Gallic  acid  forms  small,  feathery,  and  nearly  colorless  crystals,  which 
have  a  beautiful  silky  lustre ;  they  contain  C7H60B.  Aq. ;  it  requires  for  solu- 
tion 100  parts  of  cold  and  only  3  parts  of  boiling  water ;  the  solution  has 
an  acid  and  astringent  taste,  and  is  gradually  decomposed  by  keeping. 
Gallic  acid  does  not  precipitate  gelatin ;  with  ferrous  salts  it  produces  no 
change;  but  with  ferric  salts,  it  forms  a  deep  bluish-black  precipitate, 
which  disappears  when  the  liquid  is  heated,  from  the  reduction  of  the 
ferric  to  ferrous  salt  at  the  expense  of  the  gallic  acid. 

The  salts  of  gallic  acid  present  but  little  interest;  those  of  the  alkali- 
metals  are  soluble,  and  readily  destroyed  by  oxidation  in  presence  of  excess 
of  base,  the  solution  acquiring  after  some  time  a  nearly  black  color;  the 
gallates  of  most  of  the  other  metals  are  insoluble. 

Gallic  acid  heated  to  about  215°  C.  (419°  F.)  is  resolved  into  carbon 
dioxide  and  pyrogallol  or  pyrogallio  acid,  CfHfOJ  (p.  670),  which  sublimes 
in  crystalline  plates. 

Gallic  acid  and  pyrogallio  acid  reduce  salts  of  gold  and  silver  to  the 
metallic  state:  it  is  on  this  property  that  their  application  in  photography 
depends. 

When  dry  gallic  acid  is  suddenly  heated  to  249°  C.  (480°  F.),  or  above, 
it  is  decomposed  into  carbon  dioxide,  water,  and  metagallic  acid,  C0H4Oy 
which  remains  in  the  retort  as  a  black,  shining  mass,  resembling  charcoal ; 
a  few  crystals  of  pyrogallio  acid  are  formed  at  the  same  time.  Metagallic 
acid  is  insoluble  in  water,  but  dissolves  in  alkalies,  and  is  again  precipi- 
tated as  a  black  powder  by  the  addition  of  an  acid.  It  forms  insoluble  salts 
with  lead  and  silver.  Pyrogallio  acid,  also,  when  exposed  to  the  requisite 
temperature,  yields  metagallic  acid,  with  separation  of  water. 


Appendix  to  Gallic  Add. 

TANNIC  ACIDS,  OR  TANNINS. 

These  substances  constitute  the  astringent  principles  of  plants,  and  are 
widely  diffused,  in  one  form  or  other,  through  the  vegetable  kingdom.  It 
is  possible  that  there  may  be  several  distinct  modifications  of  tannic  acid, 
which  differ  among  themselves  in  some  particulars.     The  astringent  prin- 
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ciple  of  oak-bark  mnd  nut-galls,  for  example,  is  found  to  precipitate  ferric 
salts  bluish-black,  while  that  from  the  leaves  of  the  sumach  and  tea-plant, 
as  well  as  infusions  of  the  substances  known  in  commerce  under  the  names 
of  kino  and  catechu,  are  remarkable  for  giving,  under  similar  circumstances, 
precipitates  which  have  a  tint  of  green.  The  color  of  a  precipitate  is,  how- 
ever, too  much  influenced  by  external  causes  to  be  relied  upon  as  a  proof 
of  essential  difference.  Moreover,  the  tannic  acid  or  acids  appear  to  be 
unorystallixable ;  one  most  valuable  test  of  individuality  is  therefore  lost. 

After  the  reaction  with  ferric  salts,  the  most  characteristic  feature  of 
tannic  acid  and  the  other  astringent  infusions  referred  to,  is  that  of  form- 
ing insoluble  compounds  with  a  great  variety  of  organic,  and  especially 
animal  substances,  as  solutions  of  starch  and  gelatin,  solid  muscular  fibre, 
skin,  Ac,  which  then  acquire  the  property  of  resisting  putrefaction:  it  is 
on  this  principle  that  leather  is  manufactured.  Gallic  acid,  on  the  con- 
trary, ia  useless  in  the  operation  of  tanning. 

Tannic  Acid  of  the  Oak,  G  alio  tannic  acid,  CnHffOir — This  substance  may 
be  prepared  by  Pelouze's  method,  from  nut-galls,  which  are  excrescences 
produced  on  the  leaves  of  a  species  of  oak,  the  Querent  m/ectorta,  by  the 
puncture  of  an  insect.  A  glass  vessel, — having  somewhat  the  figure  of  that 
represented  in  Fig.  195,  is  loosely  stopped  at  its  lower  ex- 
•*&•»*•  tremity  by  a  bit  of  cotton  wool,  and  half  or  two-thirds  filled 
~  with  powdered  Aleppo  galls.     Ether,  prepared  in  the  usual 

manner  by  rectification,  and  containing  as  it  invariably  does 
a  little  water,  is  then  poured  upon  the  powder,  and  the  vessel 
loosely  stopped.  The  liquid,  which  after  some  time  collects 
in  the  receiver  below,  consists  of  two  distinct  strata:  the 
lower,  which  is  almost  colorless,  is  a  very  strong  solution  of 
nearly  pure  tannic  acid  in  water  ;  the  upper  consists  of  ether 
holding  in  solution  gallic  acid,  coloring  matter,  and  other  im- 
purities. The  carefully  separated  heavy  liquid  is  placed  to 
evaporate  over  a  surface  of  oil  of  vitriol  in  the  vacuum  of  the 
air-pump.  Tannic  acid,  or  tannin,  thus  obtained,  forms  a 
slightly  yellowish,  friable,  porous  mass,  without  the  slightest 
tendency  to  crystallization.  It  is  very  soluble  in  water,  less 
so  in  alcohol,  and  very  slightly  soluble  in  ether.  It  reddens 
litmus  and  possesses  a  pure  astringent  taste  without  bitter- 
ness. 

A  strong  solution  of  this  substance  mixed  with  mineral 
acids  gives  rise  to  precipitates,  which  consist  of  combinations 
of  the  tannic  acid  with  the  acids  in  question :  the  compounds 
|  \  are  freely  soluble  in  pure  water,  but  nearly  insoluble  in  acid 
liquids.  Gallotannic  acid  precipitates  albumin,  gelatin,  salts 
of  the  vegeto-alkalies,  and  several  other  substances :  it  forms 
soluble  compounds  with  the  alkalies,  which,  if  excess  of  base 
be  present,  rapidly  attract  oxygen,  and  become  brown  by  de- 
struction of  the  acid ;  the  gallotannates  of  barium,  strontium,  and  calcium  are 
sparingly  soluble ;  those  of  lead  and  antimony  are  insoluble.  Ferrous  salts 
are  unchanged  by  solution  of  gallo-tannic  acid  ;  ferric  salts,  on  the  contrary, 
give  with  it  a  deep  bluish-black  precipitate,  which  is  the  basis  of  writing- 
ink  :  hence  the  value  of  an  infusion  of  tinoture  of  nut-galls  as  a  test  for  the 
presence  of  that  metal. 

Gallotannic  acid,  when  boiled  witfe  adds,  assimilates  water,  and  splits 
into  glucose  and  gallic  acid : 

C«H„On    +     4HaO    =    8CTH,06    +    CLH^O, 
Galiotannio  Gallic  Glucose, 

acid?  acid. 
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The  same  reaction  takes  place  on  heating  tannic  acid  with  a  concentrated 
eolation  of  potash :  in  this  case,  however,  the  sugar  is  further  converted 
into  glucic  acid.  Nut-galls  contain  a  ferment  which  induces  the  same  de- 
composition of  tannic  acid,  exciting,  at  the  same  time,  alcoholic  fermenta- 
tion of  the  sugar.  Gallotannic  acid,  prepared  by  the  methods  above  men- 
tioned, still  contains  a  sufficient  quantity  of  the  ferment  to  produce  this 
decomposition  when  the  acid  is  dissolved  in  water,  and  at  the  ordinary 
temperature :  it  ensues,  however,  much  more  rapidly  on  addition  of  nut- 
galls.  If  this  fermentation  takes  place  in  the  presence  of  air,  a  part  of  the 
tannic  acid  is  converted  into  dlagxc  add,  CMH§08.  The  same  substance  is 
found  in  the  insoluble  residue  of  woody  fibre  and  other  matters  from  which 
gallic  acid  has  been  withdrawn  by  boiling  water ;  it  may  be  extracted  by 
an  alkali,  and  afterward  precipitated  by  addition  of  hydrochloric  acid,  as 
a  grayish  insoluble  powder. 

Tannic  acid,  closely  resembling  that  obtained  from  galls,  may  be  ex- 
tracted by  cold  water  from  catechu ;  hot  water  dissolves  out  a  substance 
having  feebly  acid  properties,  termed  catechin.  This  latter  compound, 
when  pure,  crystallizes  in  fine  colorless  needles,  which  melt  when  heated, 
and  dissolve  very  freely  in  boiling  water,  but  scarcely  at  all  in  the  cold. 
Catechin  dissolves  also  in  hot  alcohol  and  ether.  The  aqueous  solution 
acquires  a  red  tint  by  exposure  to  air,  and  precipitates  lead  aoetate  and 
.  corrosive  sublimate  white,  reduces  silver  nitrate  on  addition  of  ammonia, 
but  does  not  form  insoluble  compounds  with  gelatin,  starch,  and  the  vegeto- 
alkalies.  It  strikes  a  deep  green  color  with  ferric  salts.  Catechin  when 
heated  yields  pyrocatechin,  or  oxyphenol,  C9HcO,  (p.  662).  Catechin  has 
been  variously  represented  by  the  formulas  CtH,p04,  and  C.H?04. 

Japonic  and  Rubic  acids  are  formed  by  the  action  of  alkali  in  excess  upon 
catechin,  the  first  when  the  alkali  is  in  the  oaustic  state,  and  the  second 
when  it  is  in  the  state  of  carbonate.  Japonic  acid  is  a  black  and  nearly 
insoluble  substance,  soluble  in  alkalies  and  precipitated  by  acids ;  it  is 
perhaps  identical  with  a  black  substance  of  acid  properties,  which  Peligot 
obtained  by  heating  grape-sugar  with  barium  hydrate.  Rubic  acid  has 
been  but  little  studied :  it  is  said  to  form  red  insoluble  compounds  with  the 
earths  and  certain  other  metallic  oxides. 

Several  acids  closely  allied  to  tannic  acid  have  been  found  in  coffee  and 
Paraguay  tea. 

Opianic  Acid,  C,0Hl?Oft,  is  a  monobasic  acid,  produced,  together  with  co- 
tarnine,  by  the  oxidation  of  narcotine : 

C„HaNOT    +    0     =     C..HUNO,    +    CJlJt, 
Narcotine.  Cotarnine.        Opianic  acid. 

It  crystallites  in  thin  prisms,  slightly  soluble  in  cold,  easily  in  boiling 
water;  also  in  alcohol  and  ether,  melts  at  140°  C.  (284°  F.).  Caustic  pot- 
ash converts  it  into  meconin  and  hemipinic  acid : 

2Ci«HttO,'      =        0^,0,        +        0„H„0, 
Opianic  acid.  Meconin.  Hemipimo  acid. 


TRBATOMIC  AND  BIBASIC  ACID8. 

Ttttaie   Arid,    C4H/),   =   (C4H,02)    (OH),   =  (<W{[{gJf)t  — 

These  formal®  include  four  bibasio  acids  distinguished  from  one  another 
by  certain  physical  properties,  especially  by  their  crystalline  forms,  and 
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their  action  on  polarized  light, —  namely,  Dextrotartarie  acid,  which  turns 
the  plane  of  polarization  to  the  right ;  Levotartaric  acid,  which  turns  it  to  the 
left  with  equal  force ;  Paratartaric,  or  Raeemie  acid,  which  is  optically  inac- 
tive, and  separable  into  equal  quantities  of  dcxtro-  and  levotartaric  acids; 
and  an  inactive  variety  of  tartaric  acid,  which  is  not  thus  separable. 

Dbxtrotartaric  or  Ordinary  Tartaric  Acid.  —  This  is  the  acid  of 
grapes,  tamarinds,  pine  apples,  and  of  several  other  fruits,  in  which  it  oc- 
curs in  the  state  of  an  acid  potassium-saH ;  calcium  tartrate  is  also  occa- 
sionally met  with.  The  tartaric  acid  of  commerce  is  wholly  prepared  from 
tartar  or  argot,  an  impure  acid  potassium  tartrate,  deposited  from  wine,  or 
rather  from  grape-juice  in  the  act  of  fermentation.  This  substance  is  pu- 
rified by  solution  in  hot  water,  with  the  aid  of  a  little  pipe-clay  and  ani- 
mal charcoal,  to  remove  the  coloring  matter  of  the  wine,  and  subsequent 
crystalliiation :  it  then  constitutes  cream  of  tartar,  and  serves  for  the  pre- 
paration of  the  acid.  The  salt  is  dissolved  in  boiling  water,  and  powdered 
chalk  is  added  as  long  as  effervescence  is  excited,  or  the  liquid  exhibits  an 
acid  reaction :  calcium  tartrate  and  neutral  potassium  tartrate  result ;  the 
latter  is  separated  from  the  former,  which  is  insoluble  by  filtration.  The 
solution  of  potassium  tartrate  is  then  mixed  with  excess  of  calcium  chlo- 
ride, which  throws  down  all  the  remaining  acid  in  the  form  of  calcium- 
salt  :  this  is  washed,  and  added  to  the  former  portion,  and  the  whole  is 
digested  with  a  sufficient  quantity  of  dilute  sulphuric  acid  to  withdraw  the 
base,  and  liberate  the  tartaric  acid.  The  filtered  solution  is  cautiously 
evaporated  to  a  syrupy  consistence,  and  placed  to  crystallize  in  a  warm 
situation.  Liebig  has  lately  found  that  tartaric  acid  is  artificially  pro- 
duced by  the  action  of  nitric  acid  upon  milk-sugar.  It  may  also  be  ob- 
tained from  succinic  acid. 

Suocinic  acid,  C4Hc04,  when  submitted  to  the  action  of  bromine,  yields 
two  substitution-products,  bromosuccinic  acid,  C4H.Br04,  and  dibromo suc- 
cinic acid,  C4H4Br,04.  The  latter,  when  treated  with  silver  oxide  in  pres- 
ence of  water,  is  converted  into  tartaric  acid  and  silver  bromide,  C4H4Br, 
04  -f  Ag.O  -f  H,0  =  C4HeOf  -f  2AgBr  (Perkin  and  Duppa;  Kekull). 

Tartario  acid  forms  colorless,  transparent  crystals,  often  of  large  size, 
which  have  the  figure  of  an  oblique  rhombic  prism  more  or  less  modified ; 
they  are  permanent  in  the  air,  and  inodorous ;  they  dissolve  with  great 
facility  in  water,  both  hot  and  cold,  and  are  soluble  also  in  alcohoL  The 
solution  reddens  litmus  strongly,  and  has  a  pure  acid  taste.  The  aqueous 
solution,  as  above  mentioned,  exhibits  right-handed  polarization.  This 
solution  is  gradually  spoiled  by  keeping.  Tartaric  acid  is  consumed  in 
large  quantities  by  the  calico-printer,  being  employed  to  evolve  chlorine 
from  solution  of  bleaching-powder  in  the  production  of  white  or  discharged 
patterns  upon  a  colored  ground. 

Tartrate*.— -Tartaric  acid  is  tetratomic  and  bibasic,  two  only  of  its  hy- 
drogen-atoms being  replaceable  by  metals,  the  other  two  by  alcoholic  or 
acid  radicals.  With  monad  metals  it  forms  acid  and  neutral  salts,  C4HfM' 
Or  and  C4H4M,Oe;  with  dyad  metals,  neutral  salts,  C4H4M//Or  and  double 
salts,  like  bario-potas*ic  tartrate.  C4H4Ba"06 .  C4H4K,06.  With  triad  metals 
it  forms  a  peouliar  class  of  salts,  best  known  in  the  case  of  the  antimony- 
salt  (p.  675). 

Potassium  Tabtbatbs.—  The  neutral  salt,  C4H4KtOe,  maybe  procured  by 
neutralizing  cream  of  tartar  with  chalk,  as  in  the  preparation  of  the  acid, 
or  by  adding  potassium  carbonate  to  cream  of  tartar  to  saturation ;  it  is 
very  soluble,  and  crystallizes  with  difficulty  in  right  rhombic  prisms,  which 
are  permanent  in  the  air,  and  have  a  bitter,  saline  taste.  The  acid  salt,  or 
cream  of  tartar,  C4:i#KO,,  the  pri$in  and  preparation  of  which  have  been 
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already  described,  forms  small  transparent  or  translucent  prismatic  crystals 
irregularly  grouped  together,  which  grate  between  the  teeth.  It  dis- 
solves pretty  freely  in  boiling  water,  but  the  greater  part  separates  as  the 
solution  cools,  leaving  about  ^y  or  less  dissolved  in  the  cold  liquid.  The 
salt  has  an  acid  reaction  and  a  sour  taste.  When  exposed  to  heat  in  a 
close  vessel,  it  is  decomposed,  with  evolution  of  inflammable  gas,  leaving  a 
mixture  of  finely  divided  charcoal  and  pure  potassium  carbonate  (black 
flux),  from  which  the  latter  may  be  extracted  by  water.  Cream  of  tartar  is 
almost  always  produced  when  tartaric  acid  in  excess  is  added  to  a  moder- 
ately strong  solution  of  a  potassium-salt,  and  the  whole  agitated. 

Sodium  Tartrates.  —  Two  of  these  salts  are  known  —  a  neutral  salt, 
C4II4NasOc .  2  Aq. ;  and  an  acid  salt,  C4H5NaOe .  Aq.  Both  are  easily  soluble 
in  water,  and  crystallizable.  Tartaric  acid  and  sodium  bicarbonate  form 
the  ordinary  effervescing  draughts. 

Potassium  and  sodium  tartrate  ;  Rochelle  or  Seignette  salt,  C4H4KNa06 .  4  Aq. 
This  beautiful  salt  is  made  by  neutralizing  with  sodium  carbonate  a  hot  so- 
lution of  cream  of  tartar,  and  evaporating  to  the  consistence  of  thin  syrup. 
It  separates  in  large,  transparent,  prismatic  crystals,  the  faces  of  which 
are  unequally  developed  :  these  effloresce  slightly  in  the  nir,  and  dissolve 
in  1 £  parts  of  cold  water.  Acids  precipitate  cream  of  tartar  from  the  so- 
lution.    Rochelle  salt  has  a  mild  saline  taste,  and  is  used  as  a  purgative. 

Ammonium  Tartrates.  —  The  neutral  tartrate  is  a  soluble  and  efflorescent 
salt,  containing  C4H4(NH4)206.  Aq.  The  acid  tartrate,  C4Hft(NH4)Of,  closely 
resembles  ordinary  cream  of  tartar.  A  salt  corresponding  to  Rochelle  salt 
also  exists,  having  ammonium  in  place  of  sodium. 

The  tartrates  of  calcium,  barium,  strontium,  magnesium,  and  of  most  of  the 
heavy  metals,  are  insoluble,  or  nearly  so,  in  water. 

Potabsio-antimonious  Tartrate,  or  tartar  emetic,  is  easily  made  by  boil- 
ing antimony  trioxide  in  solution  of  cream  of  tartar :  it  is  deposited  from 
a  hot  and  concentrated  solution  in  crystals  derived  from  an  octohedron 
with  rhombic  base,  which  dissolve  without  decomposition  in  15  parts  of 
cold  and  3  of  boiling  water,  and  have  an  acrid  and  extremely  disagreeable 
metallic  taste.  The  solution  is  decomposed  by  both  acids  and  alkalies:  the 
former  throws  down  a  mixture  of  cream  of  tartar  and  antimony  trioxide, 
and  the  latter  the  trioxide,  which  is  again  dissolved  by  great  excess  of  the 
reagent.  Sulphuretted  hydrogen  separates  all  the  antimony  in  the  state 
of  trisulphide.  The  dry  salt  heated  on  charcoal  before  the  blowpipe,  yields 
a  globule  of  metallic  antimony.  The  crystals  contain  2C4H4K(SbO)Oe .  Aq., 
the  group  SbO  acting  as  a  univalent  radical,  and  replacing  one  atom  of  hy- 
drogen. When  dried  at  100°,  they  give  off  their  water  of  crystallization,  and 
at  200°  C.(392°  F.),  an  additional  molecule  of  water,  leaving  the  compound 
C4HtK(SbO)05,  which  has  the  constitution  of  a  salt,  not  of  tartaric,  but  of 
tartrehc  acid,  C4H405.  Nevertheless,  when  dissolved  in  water,  the  crystals 
again  take  up  the  elements  of  water,  and  reproduce  the  original  salt. 

An  analogous  compound,  containing  arsenic  in  place  of  antimony,  has 
been  described.     It  has  the  same  crystalline  form  as  tartar  emetic. 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  large  quantity, 
forming  a  brown  liquid,  which  has  an  acid  reaction,  and  dries  up  by  gentle 
heat  to  a  brown,  transparent,  glassy  substance,  destitute  of  all  traces  of 
crystallization.  It  is  very  soluble  in  water,  and  the  solution  is  not  preci- 
pitated by  alkalies,  either  fixed  or  volatile.  Indeed,  tartaric  acid,  added  in 
sufficient  quantity  to  a  solution  of  ferric  oxide,  or  alumina,  entirely  pre- 
vents the  precipitation  of  the  bases  by  excess  of  ammonia.  Tartrate  and 
ammoniacal  tartrate  of  iron  are  used  in  medicine,  these  compounds  having 
a  less  disagreeable  taste  than  most  of  the  iron  preparations. 
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Solutions  of  Urtaric  acid  give  with  lime  and  baryta- water,  and  with  lead 
acetate,  white  precipitates,  which  dissolve  in  excess  of  the  acid ;  with  neu- 
tral calcium  and  barium-salts  no  change  is  produced.  Silver  nitrate  pro- 
duces in  neutral  tartrates  a  white  precipitate  of  silver  tartrate,  which  dis- 
solves in  ammonia.  On  gently  heating  the  solution,  a  bright  metallic  de- 
posit of  silver  is  formed.  The  reaction  of  tartaric  acid  with  solutions  of 
potassium-salts  has  been  already  noticed  (p.  299). 

Tartaric  Ethers.  —  1.  Tartaric  acid  forms,  with  monatomic  alcohol-radi- 
cals, acid  and  neutral  ethers,  in  which  one  or  both  of  the  atoms  of  banc  hy- 
drogen in  its  molecule  is  replaced  by  an  alcohol-radical.  These  compounds 
may  be  conveniently  formulated  as  follows : 

(wdak  w{ll$;„,  ^{fc©,!,.), 

Tartaric  acid.  Acid  ethyl  tartrate.     Neutral  ethyl  tartrate. 

The  acid  ethers  are  monobasic  acids,  formed  by  the  direct  action  of  tar- 
taric acid  on  the  respective  alcohols ;  the  neutral  ethers  are  formed  by 
passing  hydrochloric  acid  gas  into  a  solution  of  tartaric  acid  in  an  alcohoL 
Further,  by  treating  these  neutral  ethers  with  chlorides  of  acid  radicals, 
other  neutral  ethers  are  formed,  in  which  one  or  more  of  the  alcoholic  hy- 
drogen-atoms are  replaced  by  aoid  radicals.*  In  this  manner  are  formed 
such  compounds  as  the  following: 

(OH  f  OC,HtO       rr  o  w  f  (OH), 

Ethyl  aceto-tartrate.        Ethyl  aceto-benxo-         Ethyl  succino- 
tartrate.  tartrate. 

The  alcoholic  hydrogen  in  these  neutral  ethers  may  be  replaced  by  potas- 
sium and  sodium. 

2.  There  are  also  bibanc  tartaric  etkert  formed  by  replacing  the  alcoholio 
hydrogen  of  tartaric  acid  with  acid  radicals;  e.  g.: 

(W'Jc^o      (W{j<*$f«     <<Wh{!S8&, 

Bentotartano  Diace  to  tartaric  Dinitrotartaric 

acid.  acid.  acid. 

8.  Lastly,  tartaric  acid  forms  ethers  with  glycol,  glycerin,  mannite,  glu- 
cose, and  other  polyatomic  alcohols. 

Actum  of  heat  on  Tartaric  Acid.  —  When  crystallized  tartaric  acid  is  ex- 
posed to  a  temperature  of  about  204°  C.  (899°  F.),  it  melts,  loses  water,  and 
yields  in  succession  three  different  anhydrides,  vis. : 

Ditartaric  or  Tartralio  aoid  .  CsHio0lt  =  2C4HeOe  —  HfO 

Tartrelic  acid    .        .  .         \piift_rTTO  HO 

Insoluble  tartaric  anhydride        .     /  L«U«U»    —  ^4w«us    —  niu 

The  first  two  are  soluble  in  water,  and  form  salts  which  have  properties 
completely  different  from  those  of  ordinary  tartaric  acid.  The  third  is  a 
white  insoluble  powder.  All  three,  in  contact  with  water,  slowly  pass  into 
ordinary  tartaric  acid. 

Tartaric  acid,  subjected  to  destructive  distillation,  is  resolved  into  car- 
bon dioxide  and  pyrotartaric  acid,  CjH-O,. 

When  UrUrio  acid  is  heated  to  204 -6*  C.  (400°  F.),  with  excess  of  potas- 

•  Arftfe,  Gh«m.  800.  Jonr.  f 2],  ▼.  13a. 
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mum  hydrate,  it  is  resolved,  without  charring  or  secondary  decomposition, 
into  oxalic  and  acetic  acids,  which  remain  in  union  with  the  base,  and  only 
undergo  decomposition  at  a  much  higher  temperature : 

C4HtO,    -|-    2KHO    =    C-KH04    +     CjH.KO,    +    20H, 
Tartaric  Acid  potas-        Potassium 

acid.  sium  oxalate.         acetate. 

Paratartaric  or  Rackmio  Acid. — The  grapes  cultivated  in  certain  dis- 
tricts of  the  Upper  Rhine,  and  also  in  the  Vosges,  contain,  in  association 
with  tartaric  acid,  another  acid  body  to  which  the  above  names  are  given. 
This  acid  is  rather  less  soluble  than  tartaric  acid,  and  separates  first  from 
the  solution  of  that  substance.  Between  these  two  acids,  however,  a  very 
great  resemblance  exists;  they  have  exactly  the  same  composition,  and 
yield,  when  exposed  to  heat,  the  same  products;  the  salts  of  racemic  acid 
correspond  also,  in  the  closest  manner,  with  the  tartrates.  A  solution  of 
racemic  acid,  however,  precipitates  a  neutral  calcium-salt,  which  is  not  the 
case  with  tartaric  acid.  A  solution  of  racemic  acid  does  not  rotate  the 
plane  of  polarisation. 

Racemic  acid  has  been  the  subject  of  some  exceedingly  interesting  re- 
searches by  M.  Pasteur,  which  have  thrown  much  light  upon  the  relation 
of  this  acid  to  tartaric  acid.  If  racemic  acid  be  saturated  with  potash,  or 
sola,  or  with  most  other  bases,  crystals  are  obtained,  which  are  identical 
in  form  and  physical  properties.  By  saturating  racemic  acid,  however, 
with  two  bases,  by  forming,  for  instance,  compounds  corresponding  to 
Rochelle  salt,  which  contain  potassium  and  sodium,  or  ammonium  and  so- 
dium, and  allowing  the  solution  to  crystallize  slowly,  two  varieties  of  crys- 
tals are  produced,  which  may  bo  distinguished  by  their  form,  each  of  them 
containing  hemihedral  faces  (p.  263),  equal  in  number  and  exactly  similar 
in  form,  but  developed  on  opposite  sides  of  the  two  crystals,  so  that  each 
of  them  may  be  regarded  as  the  reflected  image  of  the  other,  or  as  right- 
handed  and  left-handed.  If  the  two  kinds  of  crystals  are  carefully 
selected  and  separately  crystallized,  crystals  of  the  one  variety  only  are 
deposited  in  each  case.  The  composition,  the  specific  gravity,  and,  in 
fact,  most  of  the  physical  properties  of  these  two  varieties  of  sodio-potas- 
sic  racamate,  are  invariably  the  same  They  differ,  however,  somewhat  in 
their  chemical  characters,  and  especially  in  one  point:  they  rotate  the 
plane  of  polarization  in  opposite  directions.  Pasteur  assumes,  in  the  two 
varieties  of  crystals,  the  existence  of  two  modifications  of  the  same  acid, 
which  he  distinguishes,  according  as  the  salt  possesses  right- or  left-handed 
polarization,  by  the  terms  dextro-racemic  and  levo-racemic,  or  dtztro-  and 
Uvo-tartaric  acids.  These  acids  may  be  separated  by  converting  the  above 
compounds  into  lead-  or  barium-salts,  and  decomposing  them  by  means  of 
sulphuric  acid.  In  this  manner  two  crystalline  acids  are  obtained,  identi- 
cal in  every  respect,  excepting  in  their  deportment  with  polarized  light, 
and  in  their  crystals  being  related  to  each  other  in  the  manner  above  men- 
tioned. Ddxtrotartaric  acid  is  nothing  but  common  tartaric  acid.  A  mix- 
ture of  equal  parts  of  the  two  acids  has  no  longer  the  slightest  effect  on 
polarized  light,  and  exhibits  in  every  respect  the  deportment  of  racemic 
acid. 

Pasteur,  in  continuing  his  beautiful  researches,  has  also  made  the  impor- 
tant discovery  that  racemic  acid  may  be  artificially  produced  by  the  action 
of  heat  upon  certain  compounds  of  tartaric  acid  which  are  capable  of  re- 
sisting a  high  temperature.  When  tartrate  of  cinchonine*  or  tartaric 
ether,  is  exposed  to  a  temperature  of  about  170°  C.  (338°  F.),  and  the  product 
thus  formed  is  repeatedly  boiled  with  water,  a  solution  is  obtained,  which, 
when  mixed,  after  cooling,  with  an  excess  of  calcium  chloride,  yields  a  con- 

*  Sec  the  chapter  on  Organic  Bases. 
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siderable  precipitate  of  calcium  racemate.  Compounds  of  levotartario  acid, 
when  submitted  to  the  action  of  heat,  likewise  furnish  racemic  acid.  The 
formation  of  racemic  acid  in  these  reactions  is  accompanied  by  the  pro- 
duction of  a  fourth  modification  of  tartaric  acid,  which  Pasteur  calls  inac- 
tive tartaric  acid.  Like  racemic  acid,  it  has  no  action  on  polarised  light, 
but  cannot,  like  the  latter,  be  resolved  into  levo-  and  dextrotartaric  acid. 

Bhodisonic  Add,  C,H4Oe. — When  potassium  is  heated  in  a  stream  of  dry 
carbon  monoxide,  the  latter  is  absorbed  in  large  quantity,  and  a  black  por- 
ous substance  generated,  which,  according  to  Brodie,  contains  COB*. 
Brought  in  contact  with  water,  it  decomposes  with  great  violence,  and 
even  the  dry  substance  occasionally  explodes ;  when  anhydrous  alcohol  is 
poured  upon  it,  a  great  elevation  of  temperature  ensues,  but  the  decompo- 
sition is  far  less  violent  than  with  water.  The  product  of  this  reaction  is 
potassium  rhodisonate,  which  remains  as  a  red  powder,  insoluble  in  alco- 
hol, but  soluble  in  water  with  a  deep  red  color.  This  salt  probably  con- 
tains CftHtK,Or 

When  solution  of  potassium  rhodiionate  is  boiled,  it  becomes  orange-yel- 
low from  decomposition  of  the  acid,  and  is  then  found  to  contain  a  free 
potash,  and  a  salt  of  Croeonic  acid,  CfHt06.  This  acid  can  be  isolated  :  it 
is  yellow,  easily  crystaliizable,  soluble  both  in  water  and  alcohol.  It  is 
likewise  bibasio. 


TETRATOMIC  AND  TRIBA8IC  ACIDS. 

Citric  Acid,  CeH,0.. — This  acid  is  obtained  in  large  quantities  from  the 
juice  of  lemons :  it  is  found  in  many  other  fruits,  as  in  gooseberries,  cur- 
rants, &o.,  in  conjunction  with  malic  acid.  In  the  preparation  of  this  acid, 
the  juice  is  allowed  to  ferment  a  short  time,  in  order  that  mucilage  and 
other  impurities  may  separate  and  subside :  the  clear  liquor  is  then  care- 
fully saturated  with  chalk,  whereby  insoluble  calcium  citrate  is  produced. 
This  is  thoroughly  washed,  decomposed  by  the  proper  quantity  of  sulphu- 
ric acid,  diluted  with  water,  and  the  filtered  solution  is  evaporated  to  a 
small  bulk,  and  left  to  crystallize.  The  product  is  drained  from  the 
mother-liquor,  redissolved,  digested  with  animal  charcoal,  and  again  con- 
centrated to  the  crystallizing  point. 

Citric  acid  crystallizes  in  two  different  forms.  The  crystals  which  sepa- 
rate by  spontaneous  evaporation  from  a  cold  saturated  solution,  are  tri- 
metric  prisms,  containing  C0TTBO7 .  OHr  whereas  those  which  are  deposited 
from  a  hot  solution  have  a  different  form  and  contain  2CeH807.OHr — Ci- 
tric acid  has  a  pure  and  agreeable  acid  taste,  and  dissolves,  with  great  ease, 
in  both  hot  and  cold  water;  the  solution  strongly  reddens  litmus,  and, 
when  long  kept,  is  subject  to  spontaneous  change.  Citric  acid,  when 
brought  in  contact  with  putrid  flesh  as  a  ferment,  yields  butyric  acid  and 
small  quantities  of  succinic  acid.  It  is  entirely  decomposed  when  heated 
with  sulphuric  and  nitric  acids :  the  latter  converts  it  into  oxalic  acid. 
Caustic  potash,  at  a  high  temperature,  resolves  it  into  acetic  and  oxalic 
acids.  The  alkaline  citrates,  treated  with  chlorine,  yield  chloroform,  to- 
gether with  other  products. 

Citric  acid  is  tetratomic  and  tribasic,  and  may  be  represented  by  the 
f  OH  C,T  f  CHtOH 

formula  (C,H4)I?  <  Yt^  m     or  rU  1  H.  .     It  has   not  yet   been   ob- 

v  »   «'     l(C02H)„         C    (((foaH)8 

tained  by  any  synthetical  process.     With  potassium  it  forms  a  neutral  salt 
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containing  GaH5KaOr  and  two  acid  salts  containing  respectively  C6HcK20. 
and  C6H7KOT;  and  similar  salts  with  the  other  alkali-metals.  With  dyad 
metals  it  chiefly  forms  salts  in  which  two  or  three  hydrogen-atoms  in  the 
molecule  CaH80L,  are  replaced  by  metals;  with  calcium,  for  example,  it 
forms  the  salts  C6H€Cu"07 .  Aq.,  and  (CeH50?),Ca"s .  Aq.  With  lead  it  forms 
two  salts  similar  in  constitution  to  the  calcium-salts,  and  likewise  a  tetra- 
plumbic  salt  containing  (C^O^Pb",.  Pb//H,Or 

The  citrates  of  the  alkali-metals  are  soluble  and  crystallize  with  greater 
or  less  facility ;  those  of  barium,  strontium,  calcium,  lead,  and  silver  are  in- 
soluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide,  pre- 
venting the  precipitation  of  that  substance  by  excess  of  ammonia.  The 
citrate  obtained  by  dissolving  hyd  rated  ferric  oxide  in  solution  of  citric 
acid,  dries  up  to  a  pale-brown,  transparent,  amorphous  mass,  which  is  not 
very  soluble  in  water ;  an  addition  of  ammonia  increases  the  solubility. 
Citrate  and  ammonia-citrate  of  iron  are  elegant  medicinal  preparations. 
Very  little  is  known  respecting  the  composition  of  these  curious  com- 
pounds :  the  absence  of  crystallization  is  a  great  bar  to  exact  inquiry. 

Citrio  acid  is  sometimes  adulterated  with  tartaric  acid:  the  fraud  is 
easily  detected  by  dissolving  the  acid  in  a  little  cold  water,  and  adding  to 
the  solution  a  small  quantity  of  potassium  acetate.  If  tartaric  acid  be 
present,  a  white  crystalline  precipitate  of  cream  of  tartar  will  be  produced 
on  agitation. 

Citrio  acid  forms  ethers  in  which  1,  2,  or  3  hydrogen-atoms  are  replaced 
by  methyl  and  other  monad  alcohol-radicals. 

Meconio  Acid,  CTH40T,  a  tribasic  acid  existing  in  opium,  may  also  be  de- 
scribed here.  To  prepare  it,  the  liquid  obtained  by  exhausting  opium 
with  water,  is  neutralized  with  powdered  marble  and  precipitated  by 
calcium  chloride;  and  the  calcium  meconate  thus  precipitated  is  sus- 
pended in  warm  water  and  treated  with  hydrochloric  acid ;  on  cooling,  im- 
pure meconic  acid  crystallizes,  which  may  be  purified  by  repeated  trect- 
ment  with  hydrochloric  acid.  The  pure  acid  crystallizes  in  mica-like 
plates,  easily  soluble  in  boiling,  difficultly  soluble  in  cold  water,  soluble 
likewise  in  alcohol.  The  crystals  contain  CTH40T .  3  Aq.  and  give  off  their 
water  at  100°.  The  meconntes  are,  for  the  most  part,  mono-  and  bi- metal- 
lic. There  are  two  silver  meconate*,  one  yellow,  containing  C7HAg807;  the 
other  white,  consisting  of  C7HsAgsOr  Meconio  acid  produces  a  deep  red 
color  with  ferric  salts. 

Comenic  Acid,  CeH40*,  is  a  product  of  decomposition  of  meconic  acid. 
When  an  aqueous,  or,  Detter,  a  hydrochloric  solution  of  meconic  acid  is 
boiled,  carbon  dioxide  is  evolved,  and  the  solution  now  contains  comenic 
acid,  which  crystallizes  on  cooling,  being  very  difficultly  soluble  in  cold 
water.  The  same  acid  may  be  obtained  by  heating  meconic  acid  to  200°  C. 
(392°  F.).  It  is  bibasic:  its  formation  is  represented  by  the  equation 
CTH40T  —  C,H4Os  -|-  COr  . 

Pyroneconic  or  Pyrocomenio  Acid,  CBH40,,  is  a  monobasic  acid,  formed 
by  submitting  either  comenic  or  meconic  acid  to  dry  distillation,  one  mole- 
cule of  carbon  dioxide  being  evolved  in  the  former  case  and  two  in  the 
latter. 

Pyrocomenic  acid  is  a  weak  acid :  it  is  soluble  in  water  and  alcohol : 
from  these  solutions  it  crystallizes  in  long  colorless  needles,  which  melt  at 
120°  C.  (248°  F.),  and  begin  to  sublime  at  the  boiling  point  of  water.  Both 
comenic  and  pyrocomenic  acids  exhibit  the  red  coloration  with  ferric  salts. 

The  salts  of  meconic  acid  and  comenic  acid,  together  with  several  deriva- 
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tivcs  of  these  substances,  hare  been  studied  by  Mr.  How,*  but  our  space 
will  not  permit  us  to  describe  these  compounds. 

An  acid  much  resembling  meconic  acid  has  been  extracted  from  the  Che- 
lidonium  majus :  it  is  combined  with  lime,  and  associated  with  malic  and 
fumaric  acids.  Chelidonic  acid  is  tribasic,  forming  three  classes  of  salts. 
When  exposed  to  a  high  temperature,  it  yields  a  pyro-acid,  with  evolution 
of  water  and  carbon  dioxide.  It  crystallises  in  slender  colorless  easily  sol- 
uble needles,  containing  C7H406 .  Aq. 


PENTATOMIC  ACIDS. 

There  is  but  one  known  acid  that  can  be  referred  to  this  group,  namely : 

Quinic  or  Kinio  Add,  CyH^O^  which  is  monobasic,  and  may  perhaps  be 

represented  by  the  formula  (C€H7)*  {  ^  ff. — The  calcium-salt  of  this  acid 

is  found  in  the  solution  from  which  the  alkalies  of  cinchona  bark  hare  been 
separated  by  lime,  and  is  easily  obtained  by  evaporation,  and  purified  by 
animal  charcoal.  From  the  calcium-salt  the  acid  may  be  extracted  by  de- 
composing it  with  dilute  sulphuric  acid.  The  clear  solution  evaporated  to 
a  syrupy  consistence  deposits  large,  distinct  crystals,  resembling  those  of 
tartaric  acid,  and  soluble  in  2  parts  of  water.  Quinic  acid  has  also  been 
found  in  coffee-berries  and  in  the  leaves  of  the  bilberry-bush. 

When  quinic  acid  is  heated  with  a  mixture  of  sulphuric  acid  and  manga- 
nese dioxide,  it  yields  a  very  volatile  substance  termed  quinone,  the  vapor 
of  which  is  exceedingly  irritating  to  the  eyes.  This  body  forms  crystals, 
both  by  sublimation  and  by  solution  in  boiling  water:  it  melts  at  a  gentle 
heat,  crystallizes  on  cooling,  colors  the  skin  permanently  brown.  It  con- 
tains CaH4Or  and  its  formation  is  represented  by  the  equation: 

CTHi,0,    -f     0,    =    C8H4Ot    -f     CO,    +    411,0. 

By  destructive  distillation,  quinic  acid  yields  numerous  and  interesting 
products,  which  have  been  studied  by  Wohler,  as  benzoic  acid,  phenol,  sa- 
licylol,  benzene,  a  tarry  substance  not  examined,  and  colorlt**  hydroqumone^ 
C€li6Or  containing  2  atoms  of  hydrogen  more  than  quinone.  This  sub- 
stance forms  colorless  six-sided  prismatic  crystals ;  it  is  neutral,  destitute 
of  taste  and  odor,  fusible,  and  easily  soluble  both  in  water  and  in  alcohol. 

Colorless  hydroquinone  can  be  easily  and  directly  produced  from  qui- 
none by  assimilation  of  hydrogen,  as  by  addition  of  hydriodic  acid  to  a  so- 
lution of  the  latter,  iodine  being  then  set  free,  or  by  sulphurous  acid. 

An  intermediate  product  of  reduction  is  green  hydroquinone,  or  quinky- 
drone,  C,xHw04.  This  is  obtained  by  the  incomplete  action  of  sulphurous 
acid  upon  quinone,  or  by  the  action  of  ferric  chloride,  chlorine,  silver  ni- 
trate, or  chromic  acid,  upon  colorless  hydroquinone ;  or  by  mixing  together 
solutions  of  quinone  and  colorless  hydroquinone.  It  forms  slender  green 
crystals,  having  the  color  of  the  wing-case  of  the  rose-beetle,  and  of  the 
greatest  brilliancy  and  beauty.  It  is  fusible,  has  but  little  odor,  and  dis- 
solves freely  in  boiling  water,  crystallizing  out  on  cooling. 

If  quinic  acid  be  submitted  to  distillation  with  an  ordinary  chlorine-mix- 
ture, an  acid  liquid  and  a  crystalline  sublimate  are  formed.  The  former 
is  a  solution  of  formic  acid,  and  the  latter  a  mixture  of  four  chlorinetted 
compounds,  which  are  chloroquinone,  CCHSC10?  dichloroquinone,  C^\ljC\fiv 
trichloroquinone,  CcHClsOr  and  tetrachloroquinone,  C€Cl4Or     They  are  all 

•  Chem.  8oc.  Qoar.  Journal,  iv.  363. 
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yellow  crystalline  substances,  which  can  be  separated  only  with  great  diffi- 
culty. Like  quinone  itself,  they  possess  the  faculty  of  combining  with  1  or 
2  atoms  of  hydrogen,  producing  two  series  of  substances  analogous  to  green 
and  colorless  hydroquinone.  Tetrachloroquinone,  better  known  by  the 
name  chloranU,  likewise  occurs  among  the  products  of  decomposition  of 
indigo. 

Other  products  are  obtained  by  the  action  of  sulphuretted  hydrogen  and 
strong  hydrochloric  acid  upon  quinone. 


HBXATOMIO  ACIDS. 


Three  acids  of  this  class  are  known ;  namely,  mannitic,  sacoharic,  and 
mucio  acids,  all  of  which  appear  to  be  bibasic. 

Kannitio  Acid,  CaH,,0T,  is  produced  by  oxidation  of  mannite,  C6Hu06, 
under  the  influence  of  platinum  black.  It  is  a  gummy  mass,  soluble  in 
water  and  in  alcohol,  insoluble  in  ether.  According  to  its  constitution 
(p.  578)  it  might  be  expected  to  be  monobasic,  but  from  the  observations 
of  Gorup-Besanez,  who  discovered  it,*  it  appears  to  be  bibasic,  its  potas- 
sium-salt containing  C8H10K,O7,  and  the  calcium-salt,  C,H10Ca//Or 

Sacchario  Acid,  C8H1008  =  (C^W  (cO^H)  •"" This  aoid  is  Produced 
by  the  action  of  dilute  nitric  acid  on  cane-sugar,  glucose,  milk-sugar,  and 
mannite,  and  is  often  formed  in  the  preparation  of  oxalic  acid,  being,  from 
its  superior  solubility,  found  in  the  mother-liquor  from  which  the  oxalio 
acid  has  crystallized.  It  may  be  made  by  heating  together  1  part  of  sugar, 
2  parts  of  nitric  acid,  and  10  parts  of  water.  When  the  reaction  seems 
terminated,  the  acid  liquid  iB  diluted,  neutralized  with  chalk,  and  the  fil- 
tered liquid  is  mixed  with  lead  acetate.  The  insoluble  lead  saccharate  is 
washed,  and  decomposed  by  sulphuretted  hydrogen.  The  acid  slowly  crys- 
tallizes from  a  solution  of  syrupy  consistence  in  long  colorless  needles ;  it 
has  a  sour  taste,  and  forms  soluble  salts  with  lime  and  baryta.  When 
mixed  with  silver  nitrate  it  gives  no  precipitate,  but,  on  the  addition  of 
ammonia,  a  white  insoluble  substance  separates,  which  is  reduced  by  gently 
warming  the  whole  to  metallic  silver,  the  vessel  being  lined  with  a  smooth 
and  brilliant  coating  of  the  metal.  Nitric  acid  converts  sacchario  into  oxalio 
acid. 

There  are  two  potassium  saccharates,  containing  C8HtK08  and  C6H8K2Og ; 
the  silver-salt  contains  C8HgAg.08 ;  the  barium,  magnesiums  zinc,  and  cadmium 
salts  have  the  composition  C6H8M//0 ;  and  there  are  two  ethylic  ethers,  contain- 
ing QsH9(C2Hs)08  and  C8H8(C,H6),08  In  these  compounds  saccharic  acid 
appears  to  be  bibasic,  as  might  be  expected  from  its  mode  of  formation 
(p  573);  the  composition  of  the  lead-salts,  however,  seems  to  show  that  it 
is  sexbasic  as  well  as  hexatomic,  for  Heintz  has  obtained  a  lead-salt  con- 
taining C8H4Pb//sOt;  but  the  composition  of  the  lead  saccharates  varies  con- 
siderably according  to  the  manner  in  which  they  are  prepared. 

Kudo  Aoid,  C6HwOr — This  acid,  isomeric  with  saccharic  acid,  is  produced, 
together  with  a  small  quantity  of  oxalic  acid,  by  the  action  of  rather  dilute 
nitric  acid  on  sugar  and  gum.  It  may  be  easily  prepared  by  heating  to- 
gether in  a  flask  or  retort,  1  part  of  milk-sugar  or  gum,  4  parts  of  nitric 
acid,  and  1  part  of  water ;  the  mucic  acid  is  afterwards  collected  upon  a  filter, 
washed  and  dried.  It  has  a  slightly  sour  taste,  and  reddens  vegetable 
•  Ann.  Ch.  Pharm.  cxviii.  257. 
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colors.  It  requires  for  solution  66  parts  of  boiling  water.  Oil  of  vitriol 
dissolves  it,  with  production  of  a  red  color.  Mucic  acid  is  decomposed  by 
heat,  yielding,  among  other  products,  pyromucic  acid,  CjUfig.  which  is  Tola- 
tile,  soluble  in  water,  and  crystallizes  in  a  form  resembling  that  of  benzoic 
acid. 

Mucic  acid  is  bibasic,  yielding  for  the  most  part  neutral  salts  containing 
CtHgM,Og  and  C6H8M"08;  with  the  alkali-metals  it  also  forms  ncid  salts, 
such  as  CcII9KOr  There  are  also  mucic  ethers,  containing  one  and  two 
equivalents  of  monad  alcohol-radical. 


STTLPHO-ACIDS. 


This  name  is  applied  to  a  group  of  acids  formed  from  hydrocarbons,  al- 
cohols, acids,  and  amides,  by  the  action  of  fuming  sulphuric  acid  or  sul- 
phuric oxide.  They  contain  the  elements  of  a  hydrocarbon,  an  alcohol,  or 
an  acid,  combined  with  one  or  two  molecules  of  sulphuric  oxide,  and  may 
be  regarded  as  derived  from  hydrocarbons,  alcohols,  and  acids  by  substitu- 
tion of  the  univalent  radical,  SO,H,  for  hydrogen ;  thus,  sulphacetic  acid, 
C,H4S05,  has  the  composition : 

H2C— S— O— O— OH 
C,H40, .  SO,,  or  CH,(SOtH) .  CO,H,  or  | 

0  =  C— OH. 

The  sulphur  in  these  acids  is  in  immediate  combination  with  the  carbon ; 
in  this  respect  they  differ  from  sulphuric  ethers  (p  509),  in  which  the 
sulphur  is  united  with  carbon  only  through  the  medium  of  oxygen. 

Sulphacetic  Acid  is  produced  by  digesting  glacial  acetic  acid  with  sul- 
phuric oxide  at  60°-76°  C  (140°-167°  F.)  for  several  days.  The  aqueous 
solution  of  the  mass  saturated  with  barium  or  lead  carbonate  deposits  a 
crystalline  barium  or  lead-salt,  containing  respectively  CjHjBa^SOg  .  1}  Aq. 
and  C,HtPb//SOfi.  From  these  salts  the  acid  may  be  obtained  by  means 
of  sulphuric  or  sulph-hydric  acid.  It  is  bibasic,  since  it  contains  two  equiv- 
alents of  hydroxyl  in  immediate  association  with  oxygen,  one  belonging 
to  the  group  CO,H,  the  other  to  the  group  SOsH. 

When  sulphacetic  acid  is  subjected  to  the  prolonged  action  of  fuming 
sulphuric  acid,  carbon  dioxide  is  evolved,  and  dUulphometholic  or  methkmic 
acid,  CII4(SO,)r  or  CH,(SO,H)r  is  formed,  which  is  also  bibasic,  and  may  be 
derived  from  methane,  CH4,  by  substitution  of  2SO.H  for  Hr  The  product 
diluted  with  water  and  saturated  with  barium  carbonate,  yields  a  beauti- 
fully crystallized,  and  rather  sparingly  soluble  barium-salt,  containing 
CH,S,06Ba" ;  from  this  salt  the  acid  may  be  separated  by  sulphuric  acid. 

Both  sulphacetic  and  disulphometholic  acids  may  be  produced  by  the 
action  of  fuming  sulphuric  acid  on  acetamide  or  on  acetonitrile,  the  former 
when  the  mixture  is  kept  cool,  the  latter  when  the  temperature  is  allowed 
to  rise,  carbon  dioxide  being  then  given  off;  thus: 

C,HSN     +    OH,    +    2S04H,    =     SO«H(NH4)  +     C,H4SO, 
Acetonitrile.                        Sulphuric            Acid  am-  Sulphacetic 

acid.  monium  acid, 

sulphate. 

C,H8N    +    3S04H,    =    S04H(NH4)     +    CH4S,06    +    CO, 
Acetonitrile.  Disulpho- 

M  metholio  acid. 


ALDEHYDES.  683 

With  acetamide,  C,H,ONHr  which  differs  from  acetonitrile  only  by  the 
elements  of  water,  the  two  reactions  are  exactly  similar. 

Sulphopropionic  Acid,  CtH4(S08H) .  CO,H,  and  Disulphetholio  Acid, 
C,H4(SOsH)r  are  prepared  in  the  same  way  from  propionic  acid,  propiona- 
mide,  or  propionitrile. 

Sclphobenzoic  Acid,  C,H4(SO,H)  .  COtH,  is  produced  by  the  action  of 
sulphuric  oxide  on  benzoic  acid  ;  also,  together  with  disulphobenzolic  acid, 
C,H4(SOsH)r  by  that  of  fuming  sulphuric  acid  on  benzonitrile  or  phenyl 
cyanide,  CTH5N.  Both  are  bibasic.  Sulphobenzolic  acid,  C6H6(SO.H),  is  pro- 
duced, together  with  sulphobenzide,  C„H10SOr  by  the  action  of  sulphuric 
oxide  on  benzene.  On  mixing  the  resulting  viscid  liquid  with  a  large  quan- 
tity of  water,  the  sulphobenzide  is  precipitated  as  a  crystalline  powder, 
while  sulphobenzolic  acid  remains  in  solution,  and  may  be  obtained  in  the 
crystalline  form  by  converting  it  into  a  copper-salt,  decomposing  the  latter 
with  sulphuretted  hydrogen,  and  evaporating.  It  is  monobasic,  and  forms 
soluble  salts  with  the  alkali-metals,  barium,  iron,  copper,  and  silver.  By 
the  prolonged  action  of  fuming  sulphuric  acid,  it  is  converted  into  dittdpho- 
betuolie  add,  CcH4(SOtH)r 

StJLPHONAPHTHALIC  AciD,  C,0H1(SOjH),  and   DlSULPHONAPHTHALIC  AdD, 

CmH6(SO,H)s,  are  produced  by  melting  naphthalene  with  strong  sulphuric 
acid  or  sulphuric  oxide.  By  neutralizing  the  aqueous  solution  of  the  pro- 
duct with  barium  carbonate,  concentrating,  and  adding  alcohol,  the  disul- 
phonaphthalate  of  barium  is  precipitated,  while  the  sulphonaphthalate  re- 
mains dissolved.  By  using  a  large  excess  of  sulphuric  acid,  and  applying 
a  strong  heat,  nearly  the  whole  of  the  naphthalene  is  converted  into  disul- 
phonaphthalic  acid.  Both  these  acids  are  crystalline,  and  form  soluble  and 
crystallizable  salts;  sulphonaphthalio  acid  is  monobasic;  disulphonaph- 
thalic  acid  bibasic. 

Isethionic  arid,  CjHgSO^  ethionic  arid,  CtUfiflv  and  ethionic  oxide,  or  anhy- 
dride, C,H4S20|,  produced,  as  already  mentioned  (pp.  518,  627),  by  the  ac- 
tion of  sulphuric  oxide,  or  fuming  sulphuric  acid,  on  alcohol  and  ether, 
likewise  belong  to  this  class  of  bodies,  and  may  be  represented  by  the  fol- 
lowing formulae,  which  show  that  isethionic  acid  is  monobasic,  ethionic  acid 
bibasic,  and  ethionic  oxide  neutral : 

H.CH  H.C— SO.H  H.C— S— O— 0 

a        a:       a     a 

H.C— SO,H  H,C— SO,H  H2C— S— 0— 0 

Isethionic  acid.       Ethionic  acid.  Ethionic  oxide. 
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These  are  bodies  derived  from  alcohols  by  elimination  of  one  or  more 
molecules  of  hydrogen  (H3),  without  introduction  of  an  equivalent  quan- 
tity of  oxygen,  so  that  they  hold  a  position  intermediate  between  the  alco- 
hols and  the  acids ;  thus : 


CH, 

CH.OH 
Ethyl 
alcohol. 


CH8 

COH 

Acetic 
aldehyde. 

CH, 

COOH 
Acetic 
acid. 
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The  hydrogen  eliminated  in  the  conversion  of  an  alcohol  into  an  acid  is 
that  which  is  in  immediate  connection  with  the  hydroxy  1,  or  which  belongs 
to  the  group  CH,OH;  consequently  a  monatomic  alcohol  can  yield  bat  one 
aldehyde;  but  a  diatomic  alcohol  can  yield  two,  by  substitution  of  O  for 
Hr  and  of  Oa  for  2H,;  a  triatomic  alcohol  three,  and  so  on.  At  present, 
however,  we  are  acquainted  only  with  aldehydes  derived  from  monatomic 
and  diatomic  alcohols. 


Aldehydes  derived  from  Xonatomie  Alcohols. 
Of  these  aldehydes  four  series  are  known,  vis. : 

1.  Aldehydes,  C.H^O,  corresponding  to  the  Fatty  adds. 

Caprotc  aldehyde  C^H^O 


Formic  aldehyde      .  .  CH,0 

Acetic  aldehyde  .     .  .  C,H40 

Propionic  aldehyde  C9HcO 

Butyric  aldehyde    .  .  C4HgO 

Valeric  aldehyde    .  .  C,HI0O 


(Enanthylic  aldehyde  CTHuO 
Caprylic  aldehyde  .  CjH^O 
Euodio  aldehyde  .     .     C„HaO. 


2.  Aldehydes,  CmH,Q_fO,  corresponding  to  the  Acrylic  acids. 

Acrylio  aldehyde,  or  Acrolein         .        •        .        C,H40. 

8.  Aldehydes,  C.H^.gO,  corresponding  to  the  Aromatic  adds. 

Benzoic  aldehyde,  or  Bitter-almond  oil  ,        .  C7H,0 

Toluio  aldehyde CBHoO 

Cumic  aldehyde C10HuO 

Sycocerylic  aldehyde CUH— O. 

4.  Aldehydes,  C«H^wO. 
Cinnamio  aldehyde CJELfi, 

All  these  aldehydes  contain  two  atoms  of  hydrogen  less  than  the  corre- 
sponding alcohols,  and  one  atom  of  oxygen  less  than  the  corresponding 
acids. 

They  are  produced  :  — 1.  By  oxidation  of  alcohols,  either  by  the  action 
of  atmospheric  oxygen,  or  by  that  of  a  mixture  of  dilute  sulphuric  acid  and 
potassium  bichromate  or  manganese  dioxide,  or  by  the  action  of  chlorine 
on  the  alcohol  diluted  with  water,  the  chlorine  in  this  case  decomposing 
the  water,  and  thus  acting  as  an  oxidizing  agent. 

2.  By  distilling  an  intimate  mixture  of  the  potassium-salt  of  the  corre- 
sponding acid  with  potassium  formate ;  e.  g. : 

COCH,(OK)      +    COH(OK)     =    CO(OK),    +    CB^.COH 

Potassium  Potassium  Potassium  Acetic 

acetate.  formate.  carbonate.  aldehyde. 

COC,H,(OK)    +    COH(OK)    =    CO(OK),    +    C.H..COH 

Potassium  Benzoic 

bensoate.  aldehyde. 

8.  By  the  action  of  nascent  hydrogen  (evolved  by  the  action  of  dry  ky- 

drochloric  acid  gas  on  sodium  amalgam)  on  the  cyanides  of  acid  radicals : 

CTH8OCN        +        H,        =        CNH        +        CTH,0 
Benzoyl  Hydrooyanio  Benzoic 


Benzoyl 
cyanide. 


acid.  aldehyde. 
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Properties.  —  The  following  properties  are  common  to  all  the  monatomio 
aldehydes : 

1.  They  easily  take  up  oxygen,  and  are  converted  into  the  corresponding 
acids. 

2.  When  fused  with  potash,  they  are  converted  into  the  corresponding 
acids,  with  evolution  of  hydrogen :  e.  g. : 

C7H80        +        KOH        =        C7H8K0,        +        Hr 
Benzoic  Potassium 

aldehyde.  benzoate. 

8.  Nascent  hydrogen,  evolved  by  the  action  of  water  on  sodium  amalgam, 
converts  them  into  the  corresponding  alcohols;  e.  g.,  C,H40  -f  H,  =  C,H90. 
If,  however,  the  aldehyde  belongs  to  a  non-saturated  series,  the  action 
goes  further,  an  additional  quantity  of  hydrogen  being  then  taken  up, 
whereby  the  alcohol  first  formed  is  converted  into  a  saturated  alcohol  be- 
longing to  another  series ;  thus : 

C,ELO    +    H,    =    C8H60;  and  C8H60    +    H,    =    C,H80 

Acrylic  Allyl  Allyl  Propyl 

aldehyde.  alcohol.         alcohol.  alcohol. 

Nascent  hydrogen  evolved  by  the  action  of  zinc  on  sulphuric  acid  does  not 
appear  to  unite  with  aldehydes. 

4.  Phosphorus  peniachloride  converts  aldehydes  into  chloraldehydes,  com- 
pounds derived  from  aldehydes  by  substitution  of  CI,  for  0 ;  thus : 

CH,  CH. 

L„       +        PC1»        =        PC1»°        +        i 
COH  CHCL 

Aldehyde.  Chloraldehyde. 

The  compounds  thus  produced  are  isomeric  with  the  chlorides  of  the  ole- 
fines;  e.g.,  acetic  chloraldehyde,  CH8.CHC1,,  or  ethidene  chloride,  with 
ethene  chloride,  C.H4 .  CI,  (p.  484). 

5.  Chlorine  and  bromine  convert  aldehydes  into  chlorides  of  acid  radicals : 

C,H40        -f       CI,       =       HC1       +       C,H8O.Cl 
Aldehyde.  Acetyl  chloride. 

CaH40       +     2C1,      =      2HC1      +    C,H,C10.C1 
Aldehyde.  Chloracetyl 

chloride. 

6.  The  alkali-metals  dissolve  in  aldehydes,  eliminating  an  equivalent 
quantity  of  hydrogen : 

2CH40       +      K,        =        H,         +        2C,H8K0 
Aldehyde.  Potassium 

aldehyde. 

7.  Aldehydes  treated  with  hydrocyanic  acid,  hydrochloric  acid,  and  water,  are 
converted  into  an  ammonium-salt,  or  an  amidated  acid,  containing  an  ad- 
ditional atom  of  carbon,  the  former  reaction  taking  plaoe  chiefly  in  tho 
aromatic  series,  the  latter  in  the  fatty  series: 

CjH^O      -f      CNH      +      OH,      =      C8H7NO, 
Acetic  Amidopropionic 

aldehyde.  acid  (alanine). 

C7H80  +      CNH      +     20H,     ==      C8H7(NH4)08 
Benzoic  Ammonium 

aldehyde,  foraobenzoate, 

58 
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8.  Aldehydes  unite  with  aniline,  water  being  eliminated,  and  form  bases 
derived  from  a  double  molecule  of  aniline,  (CcH7N)r  by  substitution  of  two 
equivalents  of  a  diatomic  radical  for  four  atoms  of  hydrogen;  e,  g. : 

(C.H.O),  +      2C,HTN     =     20H,     +      C^WA 
Acetic  Aniline.  Diethidene- 

aldehyde.  dianiline. 

9.  All  aldehydes  unite  directly  with  the  acid  tulphites  of  the  alkali-metal*, 
forming  crystalline  compounds,  by  which  they  may  be  readily  separated 
from  other  bodies  with  which  they  may  be  mixed.  This  reaction  affords 
a  ready  means  of  purifying  aldehydes,  and  likewise  of  detecting  their 
presence. 

10.  Aldehydes  also  unite  wjth  acetic  oxide,  forming  such  compounds  as 
CJH40//(C,H80)r  and  probably  with  the  oxides  corresponding  to  other 
monobasio  acids. 


Aldehydes  belonging  to  the  Series  CBHtoO. 

Formic  Aldehyde,  CHs0  or  H .  COH,  also  called  MethyUc  aldehyde. — This 
compound,  recently  discovered  by  Hofmann,*  is  produced  when  a  current 
of  air  charged  with  vapor  of  methyl  alcohol  is  directed  upon  an  incandes- 
cent spiral  of  platinum  wire ;  and  by  suitable  condensing  arrangements,  a 
liquid  may  be  obtained  consisting  of  a  solution  of  the  aldehyde  in  methyl 
alcohol.  This  liquid,  rendered  slightly  alkaline  by  ammonia,  and  gently- 
warmed  with  silver  nitrate,  yields  a  beautiful  specular  deposit  of  silver, 
with  greater  ease  even  than  ordinary  acetic  aldehyde.  The  same  solution, 
heated  with  a  few  drops  of  caustic  potash,  deposits  drops  of  a  brownish 
oil,  having  the  odor  of  the  resin  of  acetic  aldehyde. 

Formic  aldehyde  has  not  yet  been  obtained  in  the  pure  state ;  bat  bj 
treating  its  solution  with  hydrogen  sulphide,  and  heating  the  resulting 
liquid  with  strong  hydrochloric  acid,  it  solidifies,  on  cooling,  to  a  dazzling 
white  mass  of  felted  needles,  consisting  of  the  corresponding  sulphur-com- 
pound, CH,S. 

Aoetio  Aldehyde,  C,H40  =  CH8 .  COH  =  CHt0  .  H,  generally  designated 
by  the  simple  name  aldehyde.^ —  This  substance  is  formed,  among  other 
products,  when  the  vapor  of  ether  or  alcohol  is  transmitted  through  a  red- 
hot  tube ;  also,  by  the  action  of  chlorine  on  weak  alcohol,  and  by  the  other 
general  reactions  above  mentioned.  It  is  best  prepared  by  the  following 
process:  6  parts  of  oil  of  vitriol  are  mixed  with  4  parte  of  rectified  spirit 
of  wine,  and  4  parts  of  water;  this  mixture  is  poured  upon  6  parts  of  pow- 
dered manganese  dioxide  contained  in  a  capacious  retort,  in  connection 
with  a  condenser  cooled  by  ice-cold  water;  gentle  heat  is  applied,  and  the 
process  is  interrupted  when  6  parts  of  liquid  have  passed  over.  The  dis- 
tilled product  is  put  into  a  small  retort,  with  its  own  weight  of  calcium 
chloride,  and  redistilled ;  and  this  operation  is  repeated.  The  aldehyde, 
still  retaining  alcohol  and  other  impurities,  is  mixed  with  twice  its  volume 
of  ether,  and  saturated  with  dry  ammoniacal  gas ;  a  crystalline  compound 
of  aldehyde  and  ammonia  then  separates,  which  may  be  washed  with  a 
little  ether,  and  dried  in  the  air.  From  this  substance  the  aldehyde  may 
be  separated  by  distillation  in  a  water-bath,  with  sulphuric  acid  diluted 
with  an  equal  quantity  of  water;  by  careful  rectification  from  calcium 
ehloride,  at  a  temperature  not  exceeding  80-6°  C.  (87°  F.),  it  is  obtained 
pure  and  anhydrous. 

•  Proomduici  of  th*  Boyal  Society,  zrL  1M.  f  Alcohol  dehydrogenafaw. 
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Aldehyde  is  a  limpid,  colorless  liquid,  of  characteristic  ethereal  odor, 
which,  when  strong,  is  exceedingly  suffocating.  It  has  a  density  of  0*790, 
boils  at  22°  C.  (72°  F.),  and  mixes  in  all  proportions  with  water,  alcohol, 
and  ether :  it  is  neutral  to  test-paper,  but  acquires  acidity  on  exposure  to 
air,  from  the  production  of  acetic  acid :  under  the  influence  of  platinum- 
black  this  change  is  very  speedy.  When  a  solution  of  this  compound  is 
heated  with  caustic  potash,  a  remarkable  brown  resin-like  substance  is 
produced,  the  so-called  aldehyde-resin.  Gently  heated  with  silver  oxide,  it 
reduces  the  latter  without  evolution  of  gas,  the  metal  being  deposited  on 
the  inner  surface  of  the  vessel  as  a  brilliant  and  uniform  film ;  the  liquid 
contains  silver  acetate. 

Aldehyde  can  be  reconverted  into  alcohol  by  treating  its  aqueous  solu- 
tion with  sodium  amalgam,  the  liquid  being  kept  slightly  acid  by  repeated 
additions  of  hydrochloric  acid. 

When  treated  with  hydrocyanic  acid,  aldehyde  yields  alanine  (p.  616). 

An  aqueous  solution  of  aldehyde,  treated  with  hydrogen  sulphide,  yields 
an  oily  compound,  (C2H40)f .  SH,,  which  is  resolved  by  acids  into  hydrogen 
sulphide  and  eulphaldehyde,  C2H4S  :  the  latter  crystallizes  in  needles  having 
an  alliaceous  odor. 

Other  reactions  of  aldehyde  have  been  already  mentioned. 

Aldehyde-ammonia  or  Ammonium  aldehydate,  C2H40 .  NH,  or  C2H8(NH4)0, 
the  formation  of  which  has  been  already  mentioned,  forms  transparent, 
colorless  crystals,  of  great  beauty :  it  has  a  mixed  odor  of  ammonia  and 
turpentine ;  it  dissolves  very  easily  in  water,  with  less  facility  in  alcohol, 
and  with  difficulty  in  ether;  melts  at  about  76°  G.  (168°  F.),  and  distils 
unchanged  at  100°.  Acids  decompose  it,  with  production  of  an  ammoniacal 
salt  and  separation  of  aldehyde.  Hydrogen  sulphide  converts  it  into  a  basic 
compound,  CeHuNS2,  called  thialdine.  Sulphurous  oxide  gas  is  rapidly  ab- 
sorbed by  a  solution  of  aldehyde-ammonia,  forming  the  crystalline  com- 
pound C2H,(NH4)S08,  isomeric  with  taurin  (p.  627).  Aldehyde  also  com- 
bines with  acetic  oxide,  forming  the  compound  C2H40(C2H80)20 ;  also  with 
ethyl  oxide,  as  will  presently  be  further  noticed. 

Polymeric  Modifications  of  Aldehyde. — When  pure  aldehyde  is  long  pre- 
served in  a  closely-stopped  vessel,  it  is  sometimes  found  to  undergo  spon- 
taneous change  into  one,  and  even  two  isomeric  modifications,  differing 
completely  in  properties  from  the  original  compound.  In  a  specimen  kept 
some  weeks  at  0°,  transparent  acicular  crystals  were  observed  to  form  in 
considerable  quantity,  which,  at  a  temperature  little  exceeding  that  of  the 
freezing  point  of  water,  melted  to  a  colorless  liquid,  miscible  with  water, 
alcohol,  and  ether ;  a  few  crystals  remained,  which  sublimed  without 
fusion,  and  were  probably  composed  of  the  second  substance.  This  new 
body,  called  elaldehydef  is  identical  in  composition  with  aldehyde,  but  dif- 
fers in  properties  and  in  the  density  of  its  vapor;  the  latter  has.  a  sp.  gr. 
of  4*515,  while  that  of  aldehyde  is  only  1  532,  or  one-third  of  that  number. 
It  refuses  to  combine  with  ammonia,  is  not  rendered  brown  by  potash,  and 
is  but  little  affected  by  solution  of  silver. 

The  second  modification,  or  mctaldehyde,  is  sometimes  produced  in  pure 
aldehyde  kept  at  the  common  temperature  of  the  air,  even  in  hermetically 
sealed  tubes;  the  conditions  of  its  formation  are  unknown.  It  forms 
colorless,  transparent,  prismatic  crystals,  which  sublime  without  fusion  at 
a  temperature  above  100°,  and  are  soluble  in  aloohol  and  ether,  but  not  in 
water.  They  also  were  found,  by  analysis,  to  have  the  same  composition 
as  aldehyde. 

Acbtal. — When  gaseous  hydrochloric  acid  is  passed  into  a  solution  of 
aldehyde  in  absolute  alcohol,  a  compound  of  aldehyde  and  ethyl  chloride, 
CgHjO .  C,HftCl,  is   produced,  and    this  compound,   treated  with   sodium 
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ethylate,  forms  a  compound  of  aldehyde  with  ethyl  oxide,  called  acetal : 

CtU4O.CtH fi\     +      C.H.ONa    =    NaCl    +    C,H40 .  (C,Hs),0 
Ethylchloride  Sodium  Acetal. 

of  aldehyde.  ethylate. 

This  compound,  which  is  isomeric  with  diethylio  ethennte,  (C,H4)"  (OC,H§)s 
(p.  557),  is  likewise  found  among  the  products  of  the  slow  oxidation  of  al- 
cohol under  the  influence  of  platinum-black. 

To  prepare  it  in  this  way,  spirit  of  wine  is  poured  into  a  large,  tall, 
glass  jar,  to  the  depth  of  about  an  inch,  and  a  shallow  capsule,  containing 
slightly  moistened  platinum-black,  is  arranged  above  the  surface  of  the 
liquid ;  the  jar  is  loosely  covered  by  a  glass  plate,  and  left  during  two  or 
three  weeks  in  a  warm  situation.  At  the  expiration  of  that  time  the  liquid 
is  found  highly  acid:  it  is  to  be  neutralised  with  potassium  carbonate,  as 
much  calcium  chloride  added  as  the  liquid  will  dissolve,  and  the  whole  sub- 
jected to  distillation,  the  first  fourth  only  being  collected.  Fused  calcium 
chloride  added  to  the  distilled  product  now  throws  up  a  light  oily  liquid, 
which  is  a  mixture  of  acetal  with  alcohol,  aldehyde,  and  acetic  ether.  By 
fresh  treatment  with  calcium  chloride,  and  long  exposure  to  gentle  heat  in 
a  retort,  the  aldehyde  is  expelled.  The  acetic  ether  is  destroyed  by  caus- 
tic potash,  and  the  alcohol  removed  by  washing  with  water,  after  which, 
the  acetal  is  again  digested  with  fused  calcium  chloride  and  redistilled. 

Pure  acetal  is  a  thin,  colorless  liquid,  of  agreeable  ethereal  odor,  of  sp. 
gr.  0-821  at  22-2°  C.  (72°  F),  and  boiling  at  140°  C.  (284°  F.).  It  is  sol- 
uble in  18  parts  of  water,  and  miscible  in  all  proportions  with  alcohol  and 
ether.  It  is  unchanged  in  the  air ;  but,  under  the  influence  of  platinum- 
black,  becomes  converted  into  aldehyde,  and  eventually  into  acetic  acid. 
Nitric  and  chromic  acids  produce  a  similar  effect.  Strong  boiling  solution 
of  potash  has  no  action  on  this  substance. 

Chloral,  C,HCl-Or — This  compound,  already  mentioned  as  being 
formed  by  the  prolonged  action  of  chlorine  on  absolute  alcohol  (p.  517), 
may  be  regarded  as  trichlorinated  aldehyde.  To  prepare  it,  the  current 
of  chlorine  must  be  kept  up  as  long  as  hydrochloric  acid  gas  continues  to 
escape,  and  the  product  agitated  with  three  times  its  volume  of  concen- 
trated sulphuric  acid.  On  gently  warming  this  mixture  in  a  water-bath, 
the  impure  chloral  separates  as  an  oily  liquid,  which  floats  on  the  surface 
of  the  acid ;  it  is  purified  by  distillation  from  fresh  oil  of  vitriol,  and  after- 
ward from  a  smnll  quantity  of  quicklime,  which  must  be  kept  completely 
covered  by  the  liquid  until  the  end  of -the  operation.  Chloral  has  also  been 
obtained  from  starch,  by  distillation  with  hydrochloric  acid  and  manga- 
nese dioxide. 

Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar  and  penetrating  odor, 
which  excites  tears:  it  has  but  little  taste.  When  dropped  upon  paper  it 
leaves  a  greasy  stain,  which  is  not,  however,  permanent.  It  has  a  density 
of  1-602,  and  boils  at  94°  C.  (201°  F.).  Chloral  is  freely  soluble  in  water, 
alcohol,  and  ether ;  it  forms,  with  a  small  quantity  of  water,  a  solid,  crys- 
talline hydrate;  the  solution  is  not  affected  by  silver  nitrate.  Caustic 
baryta  and  lime  decompose  the  vapor  of  chloral  when  heated  in  it,  with 
appearance  of  ignition ;  the  oxide  is  converted  into  chloride,  carbon  is  de- 
posited, and  carbon  monoxide  set  free.  Solutions  of  caustic  alkalies  also 
decompose  it,  with  production  of  a  formate  and  chloroform. 

When  chloral  is  preserved  for  any  length  of  time,  even  in  a  vessel  her- 
meticaUy  sealed,  it  undergoes  a  very  remarkable  change — being  converted 
'hit*,  translucent  substance,  insoluble  chloral,  possessing  the 
^  as  the  liquid  itself.  This  solid  product  is  but  very 
water,  alcohol,  or  ether ;  when  exposed  to  heat,  alone, 
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or  in  contact  with  oil  of  vitriol,  it  is  reconverted  into  ordinary  chloral. 
Solution  of  caustic  potash  resolves  it  into  formic  acid  and  chloroform. 

Bromine  acts  upon  alcohol  in  the  same  manner  as  chlorine,  and  gives 
rise  to  a  product  very  similar  in  properties  to  the  foregoing,  called  bromal, . 
which  contains  C-HBr,0.     It  forms  a  crystallizable  hydrate  with  water, 
and  is  decomposed  by  strong  alkaline  solutions  into  formic  acid  and  bromo- 

The  other  aldehydes  of  the  series  C„HtaO  resemble  acetic  aldehyde  in 
most  of  their  reactions,  especially  in  forming  crystalline  compounds  with 
ammonia:  this  character  distinguishes  the  fatty  from  the  aromatic  alde- 
hydes, which  react  with  ammonia  in  a  different  way.  Another  character- 
istic reaction  of  the  fatty  aldehydes  is  their  conversion  into  amidated  acids 
by  the  action  of  hydrocyanic  acid  (p.  685) ;  in  this  manner  amido-propi- 
onic  acid,  or  alanine,  C8H7NO«,  is  formed  from  acetic  aldehyde;  amido- 
caproic  acid,  or  leucine,  C6HMNOr  from  valeral,  ^H^O,!,  &c.  The  fatty 
aldehydes  are  all  converted  into  resinous  compounds  by  the  action  of  caus- 
tic potash. 

All  the  known  aldehydes  of  the  fatty  series  are  liquid  at  ordinary  tem- 
peratures, and  become  more  oily  as  their  molecular  weights  increase. 
Their  boiling  points  are  given  in  the  following  table  : 

Boiling  point.  Boiling  point. 

Acetic  aldehyde       .  22°  C.       72°  F.  (Enanthylic  aldehyde  152°  C.  805°  F. 

Propionic  "  55°-65°C.  131°-1 49° »  Caprylic  "  178°"    352°" 

Butyric      "  68°-76°«    154°-167° "  Euodic  "         213°"   829°" 

Valeric      "  93°"  199°" 

Euodic  aldehyde  is  the  essential  constituent  of  oil  of  rue.  It  differs  from 
the  other  compounds  of  the  series  by  not  reacting  in  the  manner  above 
mentioned  with  aniline. 


Aldehyde  belonging  to  the  Series  CJIj^O. 

C(CHa)"H 
Acrylic  Aldehyde,  or  Acrolein,  C.H.O  —  I  . — This  compound  is 

COH 
formed  :-r-l.  By  the  oxidation  of  allyl  alcohol,  C8HeO. — 2.  By  the  action 
of  heat  on  the  product  of  the  union  of  acetone  with  bromine : 

C(CH.)Br„  C(CIL)"H 

COfCH,),    +    Br,    =    I  =  2HBr      +      I 

CH,OH  COH 

Acetone.  Acrolein. 

8.  By  the  dehydration  of  glycerin,  when  that  substance  is  heated  with 
phosphoric  oxide,  strong  sulphuric  acid,  or  acid  potassium  sulphate  : 

'      C8H80,  —  20H,  =  C8H40. 

It  is  always  produced  in  the  destructive  distillation  of  neutral  fats  con- 
taining glycerin,  and  is  the  cause  of  the  intolerably  pungent  odor  attending 
that  process. 

Pure  acrolein  is  a  thin,  colorless,  highly  volatile  liquid,  lighter  than 
water,  and  boiling  at  52  2°  C.  (126°  F.).  Its  vapor  is  irritating  beyond 
description.     It  is  sparingly  soluble  in  water,  freely  in  alcohol  and  ether. 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding  a  white, 
flocculent,  indifferent  body,  disacri/l;  the  same  substance  is  sometimes  pro- 
duced, together  with  acrylic  acid,  by  exposure  to  the  air.     In  contact  w?'~ 
58* 
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alkalies,  acrolein  suffers  violent  decomposition,  producing,  like  aldekjde, 
a  resinous  body.  When  exposed  for  some  time  in  the  air,  or  wfaenmii*! 
with  silver  oxide,  it  oxidiies  with  avidity,  and  passes  into  scryfe  and, 
V$Hflr 


Aromatic  Aldehydes,  C.H^^O. 

Benioie  Aldehyde,  or  Bitter-almond  Oil,  CTHeO  =  C,H§ .  COH  =  C,Hs0 .  H. 
This  compound  is  produced  —  1.  By  the  oxidation  of  amygdalin  with  nimc 
acid.  —  2.  By  digesting  bitter  almonds  with  water  for  five  or  six  hoars  &t 
30°-40°  C.  (H(>°-104°  F).  The  synaptase  present  then  acts  as  a  ferment 
on  the  amygdalin,  converting  it  into  glucose,  benzoic  aldehyde,  and  hydro- 
cyanic acid  (see  page  579).  Benzoic  aldehyde  is  prepared  by  this  process 
in  large  quantities,  chiefly  for  use  in  perfumery.  It  does  not  pre-exfct  is 
the  almonds,  for  the  fat  oil  obtained  from  them  by  pressure  is  absolutely 
free  from  it.  The  crude  oil  has  a  yellow  color,  and  contains  a  very  coa- 
'  siderable  quantity  of  hydrocyanic  acid :  to  free  it  from  this  imparity,  it  is 
agitated  with  dilute  solution  of  ferrous  chloride  mixed  with  slaked  lime  in 
excess,  and  the  whole  is  subjected  to  distillation;  water  passes  over,  ac- 
companied by  the  purified  essential  oil,  which  is  to  be  left  for  a  short  tune 
in  contact  with  a  few  fragments  of  fused  calcium  chloride  to  free  it  from 
water. 

3.  Benxoic  aldehyde  is  formed,  together  with  many  other  products,  by 
the  action  of  a  mixture  of  manganese  dioxide  and  sulphuric  acid  on  albu- 
min, fibrin,  casein,  and  gelatin. 

4.  By  the  action  of  nascent  hydrogen  on  chloride  or  cyanide  of  benzoyl: 

CTH§OCl        +        H,        =        HC1        +        CTHfO. 

Pure  benzoic  aldehyde  is  a  thin,  colorless  liquid,  of  great  refractive 
power,  and  peculiar,  very  agreeable  odor:  its  density  is  1*013,  and  its  boil- 
ing point  180°  C.  (350°  F.):  it  is  soluble  in  about  30  parts  of  water,  and 
miscible  in  all  proportions  with  alcohol  and  ether.  Exposed  to  the  air,  it 
greedily  absorb*  oxygon,  nnd  is  converted  into  a  mass  of  crystallized  ben- 
xoic acid.  Heated  with  solid  potassium  hydrate,  it  gives  off  hydrogen,  and 
yields  potassium  benxoate.  With  the  alkaline  bisulphites  it  forms  beautiful 
crystalline  compounds.  The  vapor  of  the  oil  is  inflammable,  and  burns 
with  a  bright  flame  and  much  smoke.  It  is  very  doubtful  whether  pure 
bitter-almond  oil  is  poisonous ;  but  the  crude  product,  sometimes  used  for 
imparting  an  agreeable  flavor  to  confectionery,  is  very  dangerous. 

Benxoic  aldehyde,  treated  with  sodium  amalgam,  is  converted  into  benzyl 
alcohol,  C7HeO.  With  phosphorus  pentachloride,  it  yields  benzylene  chloride, 
CTHeCl,: 

C7H60        +        PC15        =        PC1.0        +        C^Cl,. 

Ammonia  converts  it  into  hydrobenzamide,  a  white  crystalline  neutral  body, 
which,  when  boiled  with  aqueous  potash,  is  converted  into  an  isomeric 
basic  compound,  called  amarine  : 

3C7HeO      +      2NH8      =      (CTH6)",N,      +      30Hr 
Benzoic  Hydroben- 

aldehyde.  xamide. 

All  the  aromatic  aldehydes  act  with  ammonia  in  a  similar  manner,  and  are 
thereby  distinguished  from  the  aldehydes  of  the  fatty  series. 

Toluic  Aldehyde,  C8Hg0,  is  produced  by  distilling  a  mixture  of  the  cal- 
cium-salts of  toluic  aud  formic  acids.     The  oily  distillate  agitated  with  acid 
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sodium  sulphite,  forms  a  crystalline  compound,  which,  when  distilled  with 
sodium  carbonate,  yields  the  aldehyde,  as  an  oil  having  a  peppery  odor, 
and  boiling  at  204°  C.  (899°  F.).  On  exposure  to  the  air,  it  is  gradually 
converted  into  toluic  acid,  C8H80r  With  alcoholic  potash  it  forms  potassium 
toluate  and  xylyl  alcohol.  m 

2C8H80  +  KOH  =  C8HTK0,  +  C8H10O. 
Cumio  Aldehyde,  C10H„0,  exists  together  with  cymene,  C,0HM,  in  the 
essential  oil  of  cumin,  and  in  that  of  water  hemlock  (Cicuta  virota),  and 
may  be  obtained  by  agitating  either  of  these  oils  with  acid  sodium  sul- 
phite, which  takes  up  the  cumic  aldehyde,  but  not  the  cymene,  and  forms 
a  crystalline  compound,  from  whioh  the  aldehyde  may  be  separated  by  dis- 
tillation with  potash.  Cumic  aldehyde  is  a  colorless  or  slightly  yellow 
liquid,  having  a  powerful  odor,  and  is  easily  oxidized  in  the  air,  so  that  it 
mast  be  distilled  in  a  current  of  carbonic  acid  gas.  It  is  converted  into 
cumic  acid,  C^^O,,  by  oxidation,  and  by  alcoholic  potash  into  potassium 
eumate  and  cymyl  alcohol,  CtoH140. 

Bycocerylic  Aldehyde,  Cj-H-O,  appears  to  be  produced  in  thin  prisms  by 
oxidizing  sycoceryl  alcohol  with  aqueous  chromic  acid. 

Cinnamio  Aldehyde,  C9HgO.  —  This  compound,  which  is  the  only  known 
member  of  the  series  of  aldehydes  CaHs«_ioO,  constitutes  the  essential 
part  of  the  volatile  oils  of  cinnamon  and  cassia,  which  are  obtained  from 
the  bark  of  different  trees  of  the  genus  Cinnamonum,  order  Lauracete — 
viz.,  oil  of  cinnamon,  from  Ceylon  cinnamon,  and  oil  of  cassia,  from  Chi- 
nese cinnamon.  The  aldehyde  may  be  separated  from  these  oils  by  means 
of  acid  potassium  sulphite.  It  is  a  colorless  oil,  rather  heavier  than  water; 
may  be  distilled  without  alteration  in  a  vacuum,  or  with  de-aerated  water : 
but  absorbs  oxygen  quickly  on  exposure  to  the  air,  and  passes  into  cin- 
namic  acid.  When  fused  with  potash,  it  forms  potassium  cinnamate,  and 
gives  off  hydrogen : 

C0H8O        +        KOH        =        C9H7KO,        +        Hr 
Ammonia  gas  converts  it  into  hydrocinnamide  : 

3C9H80        +        2NH8       =r        (C9H8)"8N,   +        80Ha. 

No  aldehydes  are  known  belonging  to  the  series  intermediate  between 
C.Hxn-,0,  and  CnHto_«0. 

There  is  indeed  a  well-known  substance — viz.,  common  camphor,  or 
laurel  camphpr,  having  the  composition  CloHwO,  which  is  that  of  the  alde- 
hyde of  camphol,  CMH180  (p.  646) ;  but  its  properties  are  not  those  of  an 
aldehyde,  inasmuch  as  it  does  not  unite  with  alkaline  bisulphites  or  with 
aniline,  and  when  fused  with  potash,  does  not  give  off  hydrogen  and  form 
the  potassium-salt  of  the  corresponding  acid,  but  unites  directly  with  the 
alkali,  forming  potassium  campholate,  C10H17K0r  It  may,  however,  be 
conveniently  described  in  this  place. 

Camphor  is  obtained  by  distilling  with  water  the  wood  of  the  cnmphor- 
tree  (Laurut  Camphor  a).  When  pure  it  forms  a  solid,  white,  crystalline 
and  translucent  mass,  tough,  and  difficult  to  powder,  and  having  a  power- 
ful and  well-known  odor.  It  melts  when  gently  heated,  and  boils,  distil- 
ling unchanged  at  a  high  temperature.  It  sublimes  slowly  at  the  tempera- 
ture of  the  air,  and  often  forms  beautiful  crystals  on  the  sides  of  bottles 
or  jars  containing  it  exposed  to  the  light.  Camphor  is  very  sparingly 
soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  and  strong  acetio 
acid.  Small  pieces  of  it  thrown  upon  water  revolve  and  move  about  on 
the  surface,  with  more  or  less  velocity  in  proportion  to  their  smallncss. 

By  the  action  of  nitric  acid  aided  by  heat,  camphor  is  gradually  oxi- 
dised and  dissolved,  with  production  of  camphoric  acid,  C101I|602  (p.  004). 
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Common  camphor  exerts  a  dextro-rotatory  action  on  polarised  light  [«]  = 
+  47-4°;  but  by  distilling  the  essential  oil  of  feverfew  (Pyrethrum  parthe- 
fMim),  and  collecting  apart  the  portion  which  passes  oyer  between  200° 
and  220°  C.  (392°-428°  F.),  an  oil  is  obtained,  which,  on  cooling,  deposits 
a  crystalline  substance  resembling  common  camphor  in  every  respect, 
exoept  that  its  action  on  polarized  light  is  exactly  equal  and  opposite:  [«] 
= —  47*4°.  The  essential  oils  of  many  labiate  plants,  as  rosemary,  mar- 
joram, lavender,  and  sage,  often  deposit  a  substance  having  the  composi- 
tion and  all  the  properties  of  common  camphor,  excepting  that  it  is  inac- 
tive to  polarised  light. 


Aldehydes  derived  from  Diatomic  AkohoU. 

Diatomic  alcohols  can  yield  by  oxidation  two  classes  of  aldehydes,  ac- 
cordingly as  the  substitution  of  O  for  H,  takes  place  once  or  twice:  the 
products  thus  formed  may  be  distinguished  as  first  and  second  aldehydes. 
Propene  glycol,  CaHaO_  for  example,  might  yield  the  two  aldehydes, 
CtHf02  and  C8H4Or  Only  a  few  of  these  compounds  have,  however,  been 
obtained. 

Of  aldehydes  derived  from  the  glycols,  CaHtn+s,  only  one  is  known, 
namely  glyoxal,  C,H2Or  which  is  the  second  aldehyde  of  ordinary  glycol, 
C,H«Or  This  compound  is  obtained,  together  with  glyoxylic  acid  and 
other  products,  by  the  action  of  nitric  acid  upon  alcohol.  It  may  be  sepa- 
rated by  addition  of  a  strong  solution  of  acid  sodium  sulphite,  with  which 
it  forms  a  crystalline  compound  :  this  compound,  treated  with  barium  chlo- 
ride, yields  the  corresponding  barium  compound ;  and  from  this  the  gly- 
oxal may  be  separated  by  dilute  sulphuric  acid.  On  evaporating  the 
liquid,  it  is  obtained  as  a  transparent,  amorphous,  deliquescent  mass,  very 
soluble  in  water,  alcohol,  and  ether.  With  an  ammoniacal  solution  of  sil- 
ver nitrate,  it  forms  a  beautiful  silver  speculum.  By  a  small  quantity  of 
nitric  acid  it  is  converted  into  glyoxylic  acid,  CsH404 ;  by  a  larger  quantity, 
into  oxalic  acid,  C,H,04.  Fixed  caustic  alkalies  and  alkaline  earths  convert  it 
into  a  salt  of  glycollic  acid;  e  g.,  CjHjOj-f  KOH=CJHJKO,.  A  syrupy  so- 
lution of  glyoxal,  heated  with  a  strong  aqueous  solution  of  ammonia,  yields 
two  bases,  glyazalme  and  glycosine,  according  to  the  equations: 

2C,H,0,    +     2NH,     =     C,H4N,       +     CH,0,     +     20H, 
Glyoxaline.        Formic  acid. 


Glyoxaf. 

8C,H,0,     +     4NH8    =       C6H6N4    +    60H, 
Gly  cosine. 


GlyoxaL 

Both  these  bases  are  crystalline :  the  glyoxaline  is  by  far  the  more  abun- 
dant of  the  two. 

Of  aldehydes  derivable  from  diatomic  alcohols  belonging  to  other  Beries, 
three  only  are  known;  viz.,  salicylic  aldehyde,  C7HfOr  anisic  aldehyde, 
C8H8Oy  and  furfurol,  C,H4Or 

Salicylic  Aldehyde,  or  8alicylol,  CTHeO,  =  CeH60 .  COH ;  also  called 
salicylous  acid,  and  hydride  of  salicyl.  —  This  compound  is  produced  by  oxi- 
dising the  corresponding  alcohol,  saligenin,  C7H8Or  with  potassium  chro- 
mate  and  dilute  sulphuric  acid.  As  salicin  (p.  581)  is  a  glucoside  of  sali- 
genin, and  populin  has  the  composition  of  benzoyl-salicin,  salicylol  may 
likewise  be  formed  from  these  bodies  by  the  action  of  oxidiiing  agents ; 
it  may  be  conveniently  prepared  by  treating  salicin  or  the  concentrated  ex- 
tract of  willow-bark  with  chromic  acid.  One  part  of  salicin  is  dissolved 
in  10  parts  of  water,  and  mixed  in  a  retort  with  1  part  of  powdered  potas- 
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siuin  bichromate  and  2}  parts  of  oil  of  vitriol  diluted  with  10  parts  of 
water ;  gentle  heat  is  applied,  and  after  the  cessation  of  the  effervescence 
first  produced,  the  mixture  is  distilled.  The  yellow  oily  product  is  sepa- 
rated from  the  water,  and  purified  by  rectification  from  calcium  chloride. 
Salicylol  exists  ready  formed  in  the  flowers  of  meadow-sweet  (Sptrtea  ul~ 
maria),  and  may  be  obtained,  together  with  a  terpene,  by  distilling  the  flowers 
with  water.  On  neutralizing  the  distillate  with  potash,  boiling  to  expel  the 
hydrocarbon,  slightly  supersaturating  the  residue  with  phosphoric  acid, 
and  distilling,  salicylol  passes  over,  and  may  be  purified  by  agitating  the 
distillate  with  ether,  treating  the  decanted  ethereal  solution  with  potash, 
supersaturating  with  phosphorio  acid,  and  redistilling. 

Salicylol  is  a  thin,  colorless,  fragrant  oil,  acquiring  a  red  tint  by  expos- 
ure to  the  air.  It  has  a  specific  gravity  of  1*173,  solidifies  at  — 20°  C. 
(—4°  F.),  boils  at  196-5°  C.  (386°  F.),  and  burns  when  set  on  fire,  with  a 
bright  smoky  flame.  Water  dissolves  a  perceptible  quantity  of  salicylol, 
acquiring  its  fragrant  odor,  and  the  property  (likewise  exhibited  by  sali- 
cylic acid)  of  producing  a  deep  violet  color  with  ferric  salts.  Alcohol  and 
ether  dissolve  it  in  all  proportions. 

Salicylol  is  oxidized  to  salicylic  acid  by  boiling  with  cupric  oxide  in  al- 
kaline solution,  partially  also  by  potassium  bichromate  and  sulphuric  acid ; 
it  likewise  reduces  silver  oxide.  When  heated  with  potassium  hydrate,  it 
is  converted  into  potassium  salicylate,  with  evolution  of  hydrogen : 

CTHaO,      +      KOH      =      CTH5KOs      +      Hr 

By  nascent  hydrogen  it  is  converted  into  saligenin,  C7Hg02 ;  by  ammonia, 
into  hydro8alicylamide : 


3C?H602      +      2NH,       =       80H2       +       C2JH180,N2 
"  *      '  Hydrosalicyl- 

amide. 


<si;7h6u2 
Salicylol. 


Salicylol  decomposes  alkaline  carbonates,  and  dissolves  in  caustic  alka- 
lies, forming  yellow  crystallizable  salts ;  the  sodium-salt,  for  example,  hav- 
ing the  composition  C7H6NaOr  This  salt  and  the  corresponding  potassium 
and  ammonium-compounds,  are  soluble  in  water,  and  by  treating  their  so- 
lutions with  salts  of  barium,  copper,  lead,  silver,  &c,  insoluble  metallic 
derivatives  of  salicylol  are  precipitated.  These  compounds  are  commonly 
called  salicylites,  salicylol  itself  being  called  salicylous  acid  ;  but  it  is  bet- 
ter to  designate  them  as  sodium  salicylol,  copper  salicylol,  &c,  inasmuch  as 
the  metal  contained  in  them  does  not  appear  to  occupy  the  same  place  as 
in  the  salt  of  an  ordinary  acid,  but  rather  to  take  the  place  of  the  alco- 
holic hydrogen  in  the  molecule  of  salicylol,  CeHsO .  COH,  so  that  sodium 
salicylol  consists  of  CeH4NaO  .  COH.  This  salt,  treated  with  methyl -iodide, 
yields  sodium  iodide  and  mcthyl-salicylol,  CeH4(CH8)0 .  COH,  a  compound 
exhibiting  properties  exactly  analogous  to  those  of  salicylol  itself.  Ethyl- 
salicylol,  C6H4(CaH4)0  .  COH,  is  obtained  in  a  similar  manner.*  Ammonia 
acta  upon  these  compounds  in  the  same  manner  as  on  salicylol,  converting 
them  into  methyl- hydrosalicylamide,  CnH|7(CH,)OtNr  and  ethyl-hydrosali- 
cylamide,  C21H17(C2H5)08N2. 

Salicylol  is  strongly  attacked  by  chlorine  and  bromine,  forming  substi- 
tution-products, namely,  chlorosalicylol,  C7HsC10r  and  bromo-salicylol, 
C7H4BrOr  both  of  which  are  crystalline  bodies  possessing  acid  properties. 
Iodine  dissolves  in  it,  but  does  not  form  a  substitution-product.  Moderately 
strong  nitric  acid  converts  it  into  nitro- salicylol,  C7H6(N02)02,  which  is  also 
crystalline,  and  forms  crystallizable  salts.  Chlorosalicylol  is  acted  upon 
by  ammonia  in  the  same  manner  as  salicylol,  forming  chlorohydrosalicyla- 
mide,  or  chlorosamide,  CnHl5Cl808N2. 

•  Ftrkin,  Chem.  Soc.  Journal  [2],  v.  418. 
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Methyl-salicylol  and  ethyl-salicylol  are  also  attacked  by  chlorine  and 
bromine,  forming  substitution-derivatives  similar  to  those  of  salicylol  it- 
self, e.g.,  ethyl-broniosalicylol,  C7H4(CH,)BrOr 

Salicylol  and  all  its  substitution-derivatives  above  mentioned,  form  crys- 
talline compounds  with  the  acid  sulphites  of  the  alkali-metals. 

Salicylol  unites  with  acetic  oxide  or  anhydride,*  forming  the  crystalline 
compound  CuHuOft  =  C7HeOa  .  {CtUfi)fi.  Acetic  oxide  likewise  forms 
similar  compounds  with  methyl-  and  ethyl-salicylol. 

Sodium-salicylol,  treated  with  acetic  oxide,  forms  sodium  acetate  and 
JieelO'Salicylol.f 

C6H4NaO .  COH  +  (C,H,0)tO  =  NaOC,H,0  +  0^(0^,0)0  .  COH 
Sodium-salicylol.        Acetic  Sodium  Acetosalicylol. 

oxide.  acetate. 

This  compound  has  the  same  composition  as  coumario  acid,  C9HcOr  an  acid 
produced  by  the  hydration  of  coumarin,  the  odoriferous  principle  of  the 
Tonka  bean  ;  but  to  obtain  it  by  the  reaction  above  mentioned,  certain  pre- 
cautions are  necessary.  The  acetic  oxide  must  be  added  to  powdered  an- 
hydrous sodium-salicylol  suspended  in  pure  dry  ether,  the  reagents  being 
employed  in  equivalent  quantities ;  and  after  the  whole  has  stood  for  twen- 
ty-four hours,  the  ethereal  liquid  must  be  filtered  off  from  the  sodium  ace- 
tate, then  evaporated,  and  the  crystalline  cake  which  separates  on  cooling, 
purified  by  pressure  between  bibulous  paper,  and  crystallisation  from  alco- 
hol. Acetosalicylol  thus  prepared  melts  at  87°  C.  (98°  F.),  boils  at  about 
253°  C.  (487°  F.),  and  distils  without  decomposition.  It  is  an  aldehyde, 
like  salicylol  itself,  and  forms  definite  compounds  with  alkaline  bisulphites. 
It  is  decomposed  by  alcoholic  potash,  with  formation  of  potassium  acetate 
and  potassium-salicylol  : 

CeH4(C,HfO)0 .  COH  +  2KOH  ==  C6H4KO .  COH  +  CjHjKO,  +  OHr 

Acetosalicylol  likewise  unites  directly  with  acetic  oxide. 

If  the  product  of  the  action  of  acetic  oxide  on  salicylol,  instead  of  being 
treated  in  the  manner  above  described,  be  poured  into  water  after  a  few 
minutes'  boiling,  an  oily  liquid  sinks  to  the  bottom,  and  sodium-acetate  re- 
mains in  solution ;  and  on  distilling  this  oil,  and  collecting  apart  that  which 
passes  over  after  the  temperature  has  risen  to  290°  C.  (664°  F.),  a  crystalline 
substance  is  obtained, having  (he  composition  of  acetosalicylol  minus  one  mole- 
cule of  water :  this  substance  is  identical  in  every  respect  with  natural  couma- 
rin, C9Ht0r  The  dehydration  of  the  acetosalicylol  appears  to  be  due  to  the 
action  of  the  sodium-acetate,  perhaps  to  the  formation  of  an  anhydroace- 
tate  or  biacetate  of  sodium,  2C,H8NaO, .  C4HeO,,  analogous  to  potassium 
anhydrosulphate  (p.  297),  which  appears  to  exert  a  more  powerful  dehy- 
drating action  than  acetic  oxide  itself. 

Coumarin  thus  obtained  has  lost  the  properties  of  an  aldehyde,  no  longer 
uniting  with  alkaline  bisulphites;  it  differs  also  from  acetosalicylol  in  not 
being  split  up  into  acetio  acid  and  salicylol  by  the  action  of  strong  potash, 
but  simply  taking  up  an  atom  of  water  and  being  converted  into  coumario 
acid. 

Coumarin,  as  already  observed,  is  the  odoriferous  principle  of  the  Tonka 
bean.  It  may  be  often  seen,  forming  minute,  colorless  crystals  under  the 
skin  of  the  seed,  and  between  the  cotyledons.  It  is  best  extracted  by  ma- 
cerating the  sliced  beans  in  hot  alcohol,  and,  after  straining  through  cloth, 
distilling  off  the  greater  part  of  the  spirit.  The  syrupy  residue  deposits, 
on  standing,  crystals  of  coumarin,  which  must  be  purified  by  pressure  from 
a  fat  oil  which  abounds  in  the  beans,  and  then  crystallized  from  hot  water. 

•  Jfenlrin,  Chem.  Soc.  Journal  [2]  v.  680. 
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So  obtained,  coumarin  forms  slender,  brilliant,  colorless  needles,  fusible  at 
about  67°  C.  (157°  F.),  boiling  between  290°  and  291°  C.  (566°  F.),  and  dis- 
tilling without  decomposition  at  a  higher  temperature.  It  has  a  fragrant 
odor  and  burning  taste ;  is  very  slightly  soluble  in  cold  water,  more  soluble 
in  hot  water,  and  in  alcohol.  It  is  unaffected  by  dilute  acids  or  alkalies,  which 
merely  dissolve  it.  Boiling  nitric  acid  converts  it  into  picric  acid,  and  a 
hot  concentrated  solution  of  potash  converts  it  into  coumaric  acid,  C9Ufir 
and  eventually  into  salicylic  acid.  Coumarin  exists  in  several  other  plants, 
as  in  Mclilotus  officinalis  Asperula  odorata,  and  Anikoxanthum  odor  a  turn. 

By  acting  on  sodium  salicylol  with  butyric  and  valerio  oxides,  Perkin 
has  obtained  homologues  of  coumarin,  viz.,  butyric  coumarin,  CuHl0Or  and 
valeric  coumarin,  C^H^O,. 

Anisic  Aldehyde,  C8H80«  also  called  Anisal  and  Hydride  of  Anisyl,  is 
formed,  together  with  anisic  acid,  by  oxidation  of  anisic  alcohol,  C8HwOr 
with  platinum-black,  or  of  anise  oil  with  warm  nitric  acid : 

CI9HnO    +    0,    =    CeH.0,    +    C,H204    +    0Hr 
Anise  oil.  Anisic  Oxalic 

aldehyde.  acid. 

It  is  a  yellowish  liquid,  having  an  aromatic  odor  and  a  burning  taste,  nearly 
insoluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether.  It 
is  converted  by  oxidation  into  anisic  acid,  C,H808;  by  nascent  hydrogen 
into  anisic  alcohol,  C8H10Or  and  forms  crystalline  compounds  with  alkaline 
bisulphites.  Ammonia  converts  it  into  anisbydramide,  Cz4HMOsNr  By 
alcoholic  potash  it  is  decomposed  in  the  same  manner  as  benzoic  aldehyde, 
yielding  potassium  anisate  and  anisic  alcohol : 

2CtH80,      +      KOH       =      C8HtK0,      +      CgH^O 

Anisic  •    Potassium  Anisic 

aldehyde.  anisate.  alcohol. 

Oil  of  anise  is  a  solution  of  a  solid  substance  called  anise-camphor,  having 
the  composition  CIOHwO,  in  a  fluid  oil  which  appears  to  have  the  composi- 
tion of  oil  of  turpentine.  The  anise-camphor  is  so  abundant  as  to  cause 
the  whole  to  solidify  at  10°  C.  (60°  F.).  By  pressure  between  folds  of  bibu- 
lous paper,  and  crystallization  from  alcohol,  the  camphor  may  be  obtained 
pure-  It  forms  colorless  pearly  plates,  more  fragrant  than  the  crude  oil, 
which  melt  when  gently  heated,  and  distil  at  a  high  temperature.  This 
substance  is  attacked  energetically  by  chlorine,  bromine,  and  nitric  acid : 
it  combines  with  hydrochloric  acid,  but  is  unaffected  by  solution  of  caustic 
potash.  With  bromine  the  solid  essence  yields  a  white,  inodorous,  crys- 
tallizable  compound,  bromanisal,  containing  CI0H9Br8O.  The  action  of  chlo- 
rine is  more  complex,  several  successive  compounds  being  produced.  With 
sulphuric  acid  two  products  are  obtained  —  a  compound  acid  analogous  to 
ethylsulphurio  acid,  and  a  white,  solid,  neutral  substance,  anisotn,  isomeric 
with  the  fluid  essence. 

The  products  of  the  action  of  nitric  acid  vary  with  the  strength  of  the 
acid  employed:  the  most  important  are,  anisic  aldehyde ;  anisic  acid;  nitra- 
nisie  acid,  a  yellowish -white,  crystalline,  sparingly  soluble  powder;  and 
nilraniside,  a  resinous  body  produced  by  fuming  nitric  acid. 

Furforol,  C«H4Or  —When  sulphuric  acid  diluted  with  an  equal  bulk  of 
water  is  carefully  mixed  with  twice  its  weight  of  wheat-bran,  and  the  ad- 
hesive pasty  mass  obtained  is  exposed  in  a  proper  vessel  to  the  action  of  a 
current  of  steam,  which  is  afterward  condensed  by  a  worm  or  refrigerator, 
a  liquid  is  obtained  which  holds  furfurol  in  solution.  By  redistillation 
several  times  repeated,  the  first  half  of  the  liquid  only  being  collected,  *>"» 
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furfurol  can  be  extracted  from  the  water,  and  then  by  distillation  alone 
obtained  in  a  state  of  purity.  The  production  of  furfurol  is  very  greatly 
increased,  and  the  operation  much  facilitated,  by  previously  depriving  the 
bran  of  all  starch,  glutin,  and  soluble  matter,  by  steeping  it  in  cold  dilute 
solution  of  caustic  potash,  and  washing  and  drying  by  gentle  heat  or  in 
the  sun.  Maceration  in  cold  water  for  some  time  answers  the  same  pur- 
pose, owing  to  the  lactic  acid  formed  in  that  case.  Furfurol  has  a  paje 
yellow  color,  and  a  fragrant  odor  like  that  of  oil  of  cassia :  its  specific 
gravity  is  1165,  and  it  boils  at  162°  C.  (324°  F.),  distilling  unchanged.  It 
dissolves  in  all  proportions  in  alcohol  and  to  a  very  considerable  extent  in 
water,  and  is  readily  destroyed  by  strong  acids  and  oaustic  alkalies,  espe- 
cially when  aided  by  heat.  The  specific  gravity  of  its  vapor  is  8-493. 
Furfurol  may  be  converted  into  silver  pyromucate  by  treating  its  aqueous 
solution  with  silver  oxide : 

2CSH402    +    SAg,0    =    2C5H,AgO,    +    2A&    +    OHr 

In  contact  with  solution  of  ammonia,  furfurol  is  converted  in  a  few 
hours  into  furfwamide,  C|gH,aOaNr  a  yellowish- white,  crystalline,  insoluble 
substance,  which  is  decomposed  slowly  by  water,  and  instantly  by  an  acid, 
into  ammonia  and  furfurol.  It  may  be  crystallized  from  alcohol,  however, 
in  which  it  dissolves  without  change.  When  boiled  with  dilute  potash,  it 
is  converted  into  the  isomeric  compound  Jurfurine,*  which  is  a  base  form- 
ing definite  salts  with  acids. 

FrcusoL.  —  By  treating  several  varieties  of  fucus  with  sulphuric  acid  in 
exactly  the  same  manner  as  in  the  preparation  of  furfurol,  Dr.  Stenhouse 
obtained  a  series  of  substances,  which  he  designates  by  the  terms  Juauol, 
fucusamide,  and  Jueunne.  They  have  exactly  the  same  composition  as  the 
corresponding  terms  in  the  furfurol  series,  and  also  most  of  their  proper- 
ties, but  differ  in  some  details. 
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These  bodies  are  derived  from  aldehydes  by  substitution  of  an  alcohol- 
radical  for  hydrogen  in  the  group  COH;  thus: 

Aoetic  aldehyde CH,.COH 

Acetic  ketone  or  Aoetone       .        .        .        CH, .  COCHg. 

They  may  be  regarded  as  compounds  of  alcohol-radicals  with  acid  radi- 
cals— acetone,  for  example,  as  methyl-acetyl ;  or  as  compounds  of  car- 
bonyl,  CO",  with  two  univalent  alcohol-radicals,  which  may  be  either  the 
same  or  different;  e.  g.  : 

«>{S:        c°{cfrf, 

Acetone  or  methyl-  Methyl-propyL 

acetyl. 

The  only  bodies  of  this  clsss  that  have  been  carefully  studied  are  those 
which  correspond  to  the  aldehydes  C.HteO,  or  to  the  fatty  acids  CBHtoO- 

The  names,  formulas,  and  boiling  points  of  the  best  known  ketones  of 
this  series  are  given  in  the  following  table : 

♦  j3e*  Organic  Baits, 


KETONES. 


697 


Name. 

Formula. 

Boiling  Point. 

Acetone,  or  Methyi-acetyl 

Ethyl-*cetyl | 

»     f  Isopropy  l-acetyl   ..... 

|    J  Propyl-acetyl    .......  { 

J     IProploDe,  or  Bthyl-propyl     . 

A*8  fMethyl-Yaleryl 

J  |  \  Kthyl-butyryl 

A-q  (Isobutyl-acetyl 

1      -*  g  I  Bntyrone,  or  Propyl-butyryl 

CO(CHaXCHa) 

OOiCUaXCHjCHa)  \ 
or  CO(Cll,xCH6)               J 

(XXCHaWCiltClla),] 

OCXCHaxCHAHj)  \ 
or  CWCHaXCall,)              J 

00(0,14X0,14) 

CO(C4n,XCH.) 
COCCsHjXCA) 

60°    0.    133°  F. 
81°    «•     178°  M 
93-6°  "     200°  " 
101°    M     214°  M 
101°    u     214°  " 

120°     «     248°  " 
128°     «     262°  " 

188°     "     280°  " 
1440     u     aoxu  t< 

The  ketones  of  this  group,  containing  two  equivalents  of  the  same  alco- 
hol-radical,  are  produced : 

1.  By  the  action  of  carbon  monoxide  on  sodium  ethide  and  its  homo- 
logues : 

CO    -f    2NaCBHln+l    =    Na,    +    CO(CBHto+l)r 
For  example : 

CO        +        2NaC,H.  =        Naa        + 

Carbon  Sodium  ethyl, 

monoxide. 


CO(C,H§), 
Propione. 


2.  By  the  action  of  zinc-methyl,  and  its  homologues,  on  the  acid  chlorides, 
C.Hj^OCl;  e.  g.: 


Zn(CH) 
Zinc  methide. 


2C0CH8C1    = 

Aoetio 
chloride. 


ZnCl,    + 


2CO(CH,), 
Acetone. 


8.  By  the  oxidation  of  the  secondary  alcohols ;  thus : 

CHfCH.VOH        +        O      =      OH,        + 
Isopropyl  alcohol. 

4.  By  the  dry  distillation  of  the  calcium-salts  of  the  fatty  acids ;  e.  g.  : 


CO(CH,), 
Acetone. 


Ca"{^955») 


L  0(COCH8) 
Calcium  acetate. 


COCa"0,         +        CO(CHg), 

Calcium  Acetone, 

carbonate. 
The  ketones  formed  in  this  manner  from  the  successive  members  of  the 
fatty  acid  series  differ  from  one  another  by  twice  CH,;  thus: 

Acetic  acid  .  .  .  C,H40,,  yields  Acetone  .  .  .  C9HcO. 
Propionic  acid  .  .  C8HeOr  "  Propione  .  .  .  C5H100. 
Butyric  acid  .  .  C4H8Or  »  Butyrone  .  .  C7HM0. 
Valeric  acid     .     .     .  C5H10Or     "      Valerone  .     .     .  CBH„0. 

The  intervals  are  filled  up  by  ketones  containing  different  alcohol-radi- 
cals ;  thus  ethyl-acetyl,  C4HvO,  or  CSH, .  COCH8,  is  intermediate  between 
acetone  and  propione. 

The  ketones  containing  two  different  alcohol-radicals  may  be  obtained 
by  the  second  of  the  processes  above  given ;  e.  g. : 

2COCH.C1    +     Zn(C,H5),    =     ZnCl,    +    200(^(0,11.) 

Acetic  Zinc  ethyl.  Ethyl  acetyl, 

ohloride. 
69 
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Or  by  distilling  a  mixture  of  the  calcium-salts  of  two  different  fatty  acids ; 
thus: 

Ca(COC4H9),    +    Ca(COCH,)1    =    2C08Ca    +     2CO(CH,)(C4Hs) 
Valerate.  Acetate.  Butyl-acetyL 

The  formation  of  aldehydes  by  distilling  a  mixture  of  a  formate  with  the 
salt  of  another  fatty  acid  (p.  684),  is  a  particular  oase  of  this  last  reaction. 

Another  mode  of  producing  these  compounds .  has  been  given  by  Frank- 
land  and  Duppa,*  depending  on  the  consecutive  action  of  sodium  and  the 
iodides  of  the  alcohol-radicals  CnH^+j,  on  acetic  ether ;  but  we  must  be 
content  with  referring  to  it. 

Every  ketone  is  isomeric  with  an  aldehyde  belonging  to  the  same  series ; 
thus  acetone,  CHa.  COCHr  is  isomeric  with  propionic  aldehyde,  C^H*.  COH ; 
butyrone,  CaHT .  COC.H-,  with  cenanthylic  aldehyde,  CjH,,  .  COH,  &c. 
Formic  acetone,  H .  COH,  is  identical  with  formic  aldehyde. 

Ketones  resemble  aldehydes  in  forming  crystalline  compounds  with  al- 
kaline bisulphites,  from  whioh  the  ketone  may  be  liberated  by  distillation 
with  an  alkali.  They  differ  from  the  aldehydes :  1.  In  not  being  converted 
by  oxidation  into  the  corresponding  acids.  — 2.  In  being  converted  by  nas- 
cent hydrogen  into  secondary  alcohols,  whereas  the  aldehydes  are  con- 
verted into  primary  alcohols.  —  8.  In  not  combining  with  aniline. 

The  only  ketone  that  has  been  studied  in  detail  is  acetone,  CaHcO,  the 
ketone  of  acetic  acid.  This  body  is  prepared,  as  already  observed,  by  the 
destructive  distillation  of  acetates,  the  calcium  or  the  lead  salt  being  the 
most  convenient  for  the  purpose.  The  crude  distillate  is  saturated  with 
potassium  carbonate,  and  afterwards  rectified  in  a  water-bath  from  calciom 
chloride.  Acetone  may  also  be  prepared  by  passing  the  vapor  of  strong 
acetic  acid  through  an  iron  tube  heated  to  dull  redness,  the  acid  being  re- 
solved into  acetone,  carbon  dioxide,  carbon  monoxide,  and  carburetted  hy- 
drogen. 

Acetone  is  also  produced  in  the  destructive  distillation  of  citric  acid,  and 
may  be  procured  from  sugar,  starch,  and  gum,  by  distillation  with  eight 
times  their  weight  of  powdered  quicklime.  The  acetone  is,  in  this  case, 
accompanied  by  propione,  which  is  an  oily  liquid,  separable  from  the  ace- 
tone by  water,  in  which  it  is  insoluble. 

Pure  acetone  is  a  colorless  limpid  liquid,  of  peculiar  odor:  it  has  a 
density  of  0-792,  and  boils  at  55-5°  C.  (132°  F.):  the  density  of  its  rapor 
(referred  to  air)  is  2*022.  Acetone  is  very  inflammable,  and  burns  with 
a  bright  flame:  it  is  miscible  in  all  proportions  with  water,  alcohol,  and 
ether. 

Nascent  hydrogen  converts  it  into  isopropyl  alcohol  (p.  581) ;  but  at  the 
same  time  a  portion  of  the  acetone  doubles  its  molecule,  and  likewise  takes 
up  hydrogen,  being  thereby  converted  into  a  crystalline  substance,  pina- 
eone%  CaHuO,  =  2C3HcO  -f  Hr  which  is  perhaps  a  diatomio  alcohol. 

Acetone  treated  with  hydrocyanic  acid,  water,  and  hydrochloric  acid,  is 
converted  into  aceionic  acid,  C4H80,,  isomeric  or  identical  with  oxybutyrio 
acid: 

C4HfO    +    CNH    +    20H,    +    HC1    =   NH4C1    +    C4HtOr 

When  acetone  is  heated  to  100°  with  ammonia,  the  two  unite,  with  elimina- 
tion of  water,  forming  a  basic  compound,  acetonme,  related  to  acetone  in 
the  same  manner  as  amarine  (p.  690)  to  benzoic  aldehyde : 

8CtH,0      +      2NHf      =      N^C.H,)",      +      SOHr 
Acetone.  Acetonine. 

•  Cbem.  Eoc.  Journal  [2\  r.  103. 
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Acetone  distilled  with  fuming  sulphuric  acid,  or  other  powerful  dehydrat- 
ing agents,  is  converted  into  mesitylene,  C9H1S  =  3C9HeO  —  OH,  (p.  499). 
Phosphorus  pentachloride  converts  acetone  into  the  compound,  C8H9C1,,  iso- 
meric with  propene  chloride : 

C,HfO        +        PC1S        =        PC1.0        +        C8H6Clr 

This  chloride  differs  in  boiling  point  from  propene  chloride,  but  resem- 
bles the  latter  in  its  reaction  with  alcoholic  potash,  which  converts  it  into 
chloropropene,  C,HBC1,  identical  with  that  obtained  from  propene. 

Hydrochloric  acid  likewise  converts  acetone  into  a  bodj  composed  of 
C,H§C1,  but  isomeric,  not  identical,  with  the  preceding.  This  compound, 
called  mesityl  chloride,  is  converted  by  alcoholic  potash  into  mesityl  oxide, 
(<W,0: 

2CSH§C1    +    2KOH     =    2KC1     +     OH,     +     (C,H§),0; 

whereas  chloropropene  treated  with  alcoholic  potash  gives  up  hydrochloric 
acid,  and  yields  allylene  (p.  486) :  C^Cl  —  HC1  =  C,H4. 

Of  the  aromatic  ketones  two  only  are  known,  viz.,  benzone  and  methyl- 
benzoyl. 

Benzone  or  Benzqphenone,  0,sH10O,  or  C6H5 .  OOCcH(f  the  ketone  of  benzoic 
acid,  is  produced  by  heating  potassium  benzoate ;  it  is  a  crystalline  body 
melting  at  46°  C.  (115°  F.),  boiling  at  816°  C.  (599°  F.),  and  distilling  with- 
out decomposition.  Warm  fuming  nitric  acid  converts  it  into  dinitroben- 
zone,  CsHt(NO,)sO. 

MttiiyUbemoyl*  CH8 .  COCeHj,  is  formed  by  distilling  a  mixture  of  cal- 
cium acetate  and  benzoate. 
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We  have  already  mentioned  (p.  287)  that  the  name  cyanogen  is  applied 

to  the  univalent  radical  CN,  derived  from  the  saturated  molecule  C*T  <  tl     , 

by  abstraction  of  hydrogen.  Cyanogen  is  a  chlorous  acid  or  negative  rad- 
ical, analogous  to  chlorine,  bromine,  and  iodine :  its  compounds  with  metala 
and  other  positive  radicals  are  called  cyanide* : 

Hydrogen  cyanide,  or  Hydrocyanic  acid   .  C  N'"H 

Potassium  cyanide ClTN'"K 

Ethyl  cyanide ON'"^, 

Barium  cyanide .        .        .  '     .  .  (ON'")fBa" 

Ethene  cyanide (Ci*N"'),(CTH4)" 

Propenyl  cyanide (Ci*N,//)t(C1Hi)'" 

Cyanogen,  in  its  capacity  of  a  quasi-element,  is  often  represented  by  the 
symbol  Cy. 

C=N 

Cyanogen  in  the  free  state,  C,Nr  or  I  ,  may  be  obtained  by  decom- 

C=N 
posing  certain  metallic  cyanides.  Pulverized  and  well-dried  mercuric  cy- 
anide, (CN),He//,  heated  in  a  small  retort  of  hard  glass,  undergoes  decom- 
position, like  the  oxide  under  similar  circumstances,  yielding  metallic  mer- 
cury, a  small  quantity  of  a  brown  substance,  of  which  mention  will  again 
be  made,  and  cyanogen  itself,  a  colorless,  permanent  gas,  which  must 
be  collected  over  mercury.  It  has  a  pungent  and  very  peculiar  odor, 
remotely  resembling  that  of  peach -kern  els,  or  hydrocyanic  acid ;  exposed 
while  at  the  temperature  of  7-2°  C.  (45°  F.)  to  a  pressure  of  3-6  atmospheres, 
it  condenses  to  a  thin,  colorless,  transparent  liquid.  Cyanogen  is  inflam- 
mable :  it  burns  with  a  beautiful  purple  or  peach-blossom-colored  flame, 
generating  carbon  dioxide,  and  liberating  nitrogen.  The  specific  gravity 
of  this  gas  is  1  -806.  Its  composition  may  be  demonstrated  by  mixing  it 
with  twice  its  measure  of  pure  oxygen,  and  firing  the  mixture  in  the  eudi- 
ometer ;  carbon  dioxide  is  formed  equal  in  volume  to  the  oxygen  employed, 
and  a  volume  of  nitrogen  equal  to  that  of  the  cyanogen  is  set  free.  Water 
dissolves  4  or  5  times  its  volume  of  cyanogen  gas,  and  alcohol  a  much 
larger  quantity :  the  solution  rapidly  decomposes,  yielding  ammonitim-ox- 
alate,  (C,Nt-f  40H,  s  Ca(NH4\04),  a  brown  insoluble  matter,  and  other 
products. 

Paractanoobh.  —  This  is  the  brown  or  blackish  substance  above  re- 
ferred to,  which  is  always  formed  in  small  quantity  when  cyanogen  is 
prepared  by  heating  mercuric  cyanide,  and  probably,  also,  by  the  decom- 
position of  solutions  of  cyanogen  and  of  hydrocyanic  acid.  It  is  insoluble 
in  water  and  alcohol,  is  dissipated  by  a  very  high  temperature,  and  con- 
tains, according  to  Johnston,  carbon  and  nitrogen  in  the  same  proportion 
as  cyanogen. 

^ — w  700 
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Hydrogen  Cyanide;  Hydrocyanio  or  Prussio  Aoid,  HCy. — This  very  im- 
portant compound,  eo  very  remarkable  for  its  poisonous  properties,  was 
discovered  as  early  as  1782  by  Scheele.     It  may  be  formulated  as  azomcthanc, 

C*  <  tj  ;  that  is  to  say,  methane  or  marsh-gas  having  three  of  its  hydro- 
gen-atoms replaced  by  nitrogen,  or  as  tnethenyl  nitriU,  (CHy'N,  that  is, 
ammonia  in  which  the  three  atoms  of  hydrogen  are  replaced  by  the  triva- 
lent  radical  methenyl. 

Hydrocyanic  acid  may  be  prepared  in  a  state  of  purity,  and  anhydrous, 
by  the  following  process:  A  long  glass  tube,  filled  with  dry  mercuric  cyan- 
ide, is  connected  by  one  extremity  with  an  arrangement  for  furnishing  dry 
sulphuretted  hydrogen  gas,  while  a  narrow  tube  attached  to  the  other  end 
is  made  to  pass  into  a  narrow-necked  phial  plunged  into  a  freezing  mix- 
ture. Gentle  heat  is  applied  to  the  tube,  the  contents  of  which  suffer  de- 
composition in  contact  with  the  gas,  mercuric  sulphide  and  hydrogen  cyan- 
ide being  produced :  the  latter  is  condensed  in  the  receiver  to  the  liquid 
form.  A  little  of  the  mercuric  cyanide  should  be  left  undecomposed,  to 
avoid  contamination  of  the  product  with  sulphuretted  hydrogen.  The  pure 
acid  is  a  thin,  colorless,  and  exceedingly  volatile  liquid,  which  has  a  den- 
sity of  0-7038  at  7-2°  C.  (46°  F.),  boils  at  261°  C.  (79°  F.),  and  solidities, 
when  cooled,  to  — 18°  C.  ( — 0*4°  F.);  its  odor  is  very  powerful  and  most 
characteristic,  much  resembling  that  of  peach-blossoms  or  bitter-almond 
oil ;  it  has  a  very  feeble  acid  reaction,  and  mixes  with  water  and  alcohol 
in  all  proportions.  In  the  anhydrous  state  this  substance  constitutes  one 
of  the  most  formidable  poisons  known,  and  even  when  largely  diluted  with 
water,  its  effects  upon  the  animal  system  are  exceedingly  energetio :  it  is 
employed,  however,  in  medicine,  in  very  small  doses.  The  inhalation  of 
the  vapor  should  be  carefully  avoided  in  all  experiments  in  which  hydro- 
cyanic acid  is  concerned,  as  it  produces  headache,  giddiness,  and  other 
disagreeable  symptoms:  ammonia  and  chlorine  are  the  best  antidotes. 

The  acid  in  its  pure  form  can  scarcely  be  preserved :  even  when  enclosed 
in  a  carefully  stopped  bottle,  it  is  observed  after  a  very  short  time  to 
darken,  and  eventually  to  deposit  a  black  substance  containing  carbon, 
nitrogen,  and  perhaps  hydrogen :  ammonia  is  formed  at  the  same  time,  and 
many  other  products.  Light  favors  this  decomposition.  Even  in  a  dilute 
condition  it  is  apt  to  decompose,  becoming  brown  and  turbid,  but  not  al- 
ways with  the  same  facility,  some  samples  resisting  change  for  a  great 
length  of  time,  and  then  suddenly  solidifying  to  a  brown,  pasty  mass  in  a 
few  weeks. 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral  acids,  hydro- 
chloric acid,  for  example,  the  whole  solidifies  to  a  crystalline  paste  of  sal- 
ammoniac  and  formic  acid : 

CNH        +        2H,0        =        NHS        +        CHaOr 

On  the  other  hand,  when  dry  ammonium  formate  is  heated  to  200°,  it  is 
almost  entirely  converted  into  hydrocyanic  acid  and  water. 

Aqueous  solution  of  hydrocyanic  acid  may  be  prepared  by  various  means. 
The  most  economical,  and  by  far  the  best,  where  considerable  quantities 
are  wanted,  is  to  decompose  yellow  potassium  ferrocyanide  at  boiling  heat 
with  dilute  sulphuric  acid.  For  example,  500  grains  of  the  powdered  fer- 
rocyanide may  be  dissolved  in  four  or  five  ounces  of  warm  water,  and  in- 
troduced into  a  capacious  flask  or  globe,  connected  by  a  perforated  cork 
and  wide  bent  tube  with  a  Liebig's  condenser  well  supplied  with  oold  wa- 
ter; 300  grains  of  oil  of  vitriol  are  diluted  with  three  or  four  times  as 
much  water  and  added  to  the  contents  of  the  flask ;  and  the  distillation  is 
carried  on  till  about  half  the  liquid  has  distilled  over,  after  which  the  pro- 
cess may  be  interrupted.  The  residue  in  the  retort  is  a  white  or  yellow 
69* 
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dim,  consisting  of  potaatio-ferrous  ferrocyanide  (see  p.  707),  mixed  with 
potassium  sulphate : 

2K4Fe"Cyf    +    8S04H,    =    6HCy    -f     KJPe"£y§    +     8SO«K, 
Potassium  Hydrogen      Hydrogen         Potassio-  Potassium 

ferrocyanide.         sulphate.        cyanide.  ferrous  sulphate. 

ferrocyanide. 

When  hydrocyanic  acid  is  wanted  for  the  purposes  of  pharmacy,  it  is 
best  to  prepare  a  strong  solution  in  the  manner  above  described,  and  then, 
having  ascertained  its  exact  strength,  to  dilute  it  with  pure  water  to  the 
standard  of  the  Pharmacopoeia,  vis.,  2  per  oent.  of  real  acid.  This  exami- 
nation is  best  made  by  precipitating  with  excess  of  silver  nitrate  a  known 
weight  of  the  aoid  to  be  tried,  collecting  the  insoluble  silver  cyanide  upon 
a  small  filter  previously  weighed,  washing,  drying,  and  lastly  reweighing 
the  whole.  From  the  weight  of  the  cyanide  that  of  the  hydrocyanic  acid 
can  be  easily  calculated,  a  molecule  of  the  one  (CNAg-=134)  corresponding 
to  a  molecule  of  the  other  (CNH=27) ;  or  the  weight  of  the  silver  cyanide 
may  be  divided  by  6,  which  will  give  a  close  approximation  to  the  truth. 

Another  very  good  method  for  determining  the  amount  of  hydrocyanic 
acid  in  a  liquid  has  been  suggested  by  Liebig.  It  is  based  upon  the  pro- 
perty possessed  by  potassium  cyanide  of  dissolving  a  quantity  of  silver 
cyanide  sufficient  to  produce  with  it  a  double  cyanide  containing  equivalent 
quantities  of  silver  cyanide  and  potassium  cyanide  (KCy  .  AgCy).  Hence 
a  solution  of  hydrocyanic  acid,  which  is  supersaturated  with  potash,  and 
mixed  with  a  few  drops  of  solution  of  common  salt,  will  not  yield  a  perma- 
nent precipitate  with  silver  nitrate  before  the  whole  of  the  hydrocyanic 
acid  is  converted  into  the  above  double  salt.  If  we  know  the  amount  of 
silver  in  a  given  volume  of  the  nitrate  solution,  it  is  easy  to  calculate  the 
quantity  of  hydrocyanic  acid :  for  this  quantity  will  stand  to  the  amount 
of  silver  in  the  nitrate  consumed,  as  2  molecules  of  hydrocyanic  acid  to  1 
atom  of  silver,  t.  e.  .* 

108  :  54  =-  silver  consumed  :  z. 

It  is  a  common  remark,  that  the  hydrocyanic  acid  made  from  potassium 
ferrocyanide  keeps  better  than  that  made  by  other  means.  The  cause  of 
this  is  ascribed  to  the  presence  of  a  trace  of  mineral  acid.  Everitt  found 
that  a  few  drops  of  hydrochloric  acid,  added  to  a  large  bulk  of  the  pure 
dilute  acid,  preserved  it  from  decomposition,  while  another  portion,  not  so 
treated,  became  completely  spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation  of  an 
acid  of  definite  strength,  is  to  decompose  a  known  quantity  of  potassium 
cyanide  with  solution  of  tartaric  acid :  100  grains  of  crystallized  tartaric 
acid  in  powder,  44  grains  of  potassium  cyanide,  and  2  measured  ounces  of 
distilled  water,  shaken  up  in  a  phial  for  a  few  seconds,  and  then  left  at 
rest,  in  order  that  the  precipitate  may  subside,  will  yield  an  acid  of  very 
nearly  the  required  strength.  A  little  alcohol  may  be  added  to  complete 
the  separation  of  the  cream  of  tartar :  no  filtration  or  other  treatment  need 
be  employed. 

The  production  of  hydrocyanic  acid  from  bitter  almonds  has  been  already 
mentioned  in  connection  with  the  history  of  this  volatile  oil.  Bitter  al- 
monds, the  kernels  of  plums  and  peaches,  the  seeds  of  the  apple,  the  leaves 
of  the  cherry-laurel,  and  various  other  parts  of  plants  belonging  to  the 
great  natural  order  £o»acect,  yield  on  distillation  with  water  a  sweet-smell* 
ing  liquid  containing  hydrocyanic  acid.  This  is  probably  due  in  all  cases 
to  the  decomposition  of  amygdalin  under  the  influence  of  emulsin  or  synap- 
tase  present  in  the  organic  structure  (p.  579).  Hydrocyanic  acid  exists 
ready  formed  to  a  considerable  extent  in  the  juice  of  the  bitter  cassava. 
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The  presence  of  hydrocyanic  acid  is  detected  with  the  utmost  ease :  its 
remarkable  odor  and  high  degree  of  volatility  almost  sufficiently  charac- 
terize it.  With  solution  of  silver  nitrate  it  gives  a  dense  curdy  white  pre- 
cipitate, much  resembling  the  chloride,  but  differing  from  that  substance 
in  not  blackening  so  readily  by  light,  in  being  soluble  in  boiling  nitric  acid, 
and  in  suffering  complete  decomposition  when  heated  in  the  dry  state,  me- 
tallic silver  being  left :  the  chloride  under  the  same  circumstances  merely 
fuses,  but  undergoes  no  chemical  change.  The  production  of  Prussian 
blue  by  "  Scheele's  test "  is  an  excellent  and  most  decisive  experiment,  which 
may  be  made  with  a  very  small  quantity  of  the  acid.  The  liquid  to  be  ex- 
amined is  mixed  with  a  few  drops  of  solution  of  ferrous  Bulphate  and  an 
excess  of  caustic  potash,  and  the  whole  exposed  to  the  air  for  10  or  15  min- 
utes, with  agitation,  whereby  the  ferrous  salt  is  partly  converted  into  ferrio 
Bait:  hydrochloric  acid  is  then  added  in  excess,  which  dissolves  the  iron 
oxide,  and,  if  hydrocyanio  acid  be  present,  leaves  Prussian  blue  as  an 
insoluble  powder.  The  reaction  will  be  explained  in  connection  with  the 
ferrocyanides  (p.  707). 

Another  very  delicate  test  for  hydrocyanic  aoid  will  be  mentioned  in  con- 
nection with  sulphocyanic  acid. 

Metallic  Cyanides.  —  The  most  important  of  the  metallic  cyanides  are  the 
following :  they  bear  the  most  perfect  analogy  to  the  haloid  salts. 

Potassium  Cyanide,  CNK  or  KCy.  —  Potassium  heated  in  cyanogen  gas, 
takes  fire  and  burns  in  a  very  beautiful  manner,  yielding  potassium  cy- 
anide: the  same  substance  is  produced  when  potassium  is  heated  in  the  va- 
por of  hydrocyanic  acid,  hydrogen  being  liberated.  When  pure  nitrogen 
gas  is  transmitted  through  a  white-hot  tube  containing  a  mixture  of  potas- 
sium carbonate  and  charcoal,  a  small  quantity  of  potassium  cyanide  is 
formed,  which  settles  on  the  cooler  portions  of  the  tube  as  a  white  amor- 
phous powder:  carbon  monoxide  is  at  the  same  time  evolved.*  If  azotized 
organic  matter  of  any  kind,  capable  of  furnishing  ammonia  by  destructive 
distillation,  as  horn-shavings,  parings  of  hides,  &c,  be  heated  to  redness 
with  potassium  carbonate  in  a  close  vessel,  a  very  abundant  production  of 
potassium  cyanide  results,  which  cannot,  however,  be  advantageously  ex- 
tracted by  direct  means,  but  in  practice  is  always  converted  into  ferrocy- 
anide, which  is  a  much  more  stable  substance,  and  crystallizes  better. 

There  are  several  methods  by  which  potassium  cyanide  may  be  prepared 
for  use.  It  may  be  made  by  passing  the  vapor  of  hydrocyanic  acid  into  a 
cold  alcoholic  solution  of  potash :  the  Bait  is  then  deposited  in  the  crystal- 
line form,  and  may  be  separated  from  the  liquid,  pressed,  and  dried.  Po- 
tassium ferrocyanide,  heated  to  whiteness  in  a  nearly  close  vessel,  evolves 
nitrogen  and  other  gases,  and  leaves  a  mixture  of  carbon,  iron  carbide,  and 
potassium  cyanide,  which  latter  salt  is  not  decomposed  unless  the  temper- 
ature is  excessively  high.  Mr.  Donovan  recommends  the  use  in  this  pro- 
cess of  a  wrought-iron  mercury-bottle,  which  is  to  be  half  filled  with  the 
ferrocyanide,  and  arranged  in  a  good  air-furnace  capable  of  giving  the 
requisite  degree  of  heat;  a  bent  iron  tube  is  fitted  to  the  mouth  of  the 
bottle  and  made  to  dip  half  an  inch  into  a  vessel  of  water:  this  serves  to 
give  exit  to  the  gas.  The  bottle  is  gently  heated  at  first,  but  the  tem- 
perature is  ultimately  raised  to  whiteness.  When  no  more  gas  issues,  t ho 
tube  is  stopped  with  a  cork,  and,  when  the  whole  is  quite  cold,  the  bottle 
is  cut  asunder  in  the  middle  by  means  of  a  chisel  and  sledge-hammer,  and 
the  pure  white  fused  salt  carefully  separated  from  the  black  spongy  mass 

•  According  to  recent  experiments  by  MM.  Marfpieritte  and  do  8onnlevnl,  the  formation  of 
cyanide  appear*  to  be  more  abundant  if  the  potash  be  replaced  l>y  baryta.  It'  the  barium 
cyanide  thus  formed  be  exposed  to  a  stream  of  superheat  <«1  »tcuin  at  "00°  C,  the  nitrogen  of 
the  aaJt  is  eliminated  in  the  form  of  ammonia.  Margnerittoand  do  Sounh'val  recommend  this 
i  as  a  method  of  preparing  ammonia  by  means  of  atmospheric  nitrogen. 
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below,  and  preserved  in  a  well-stopped  bottle :  the  black  substance  eon- 
tains  much  cyanide,  which  may  be  extracted  by  a  little  cold  water.  It 
would  be  better,  perhaps,  in  the  foregoing  process,  to  deprive  the  potassium 
ferrocyanide  of  its  water  of  crystallisation  before  introducing  it  into  the 
iron  vessel. 

Liebig  has  published  a  very  easy  and  excellent  process  for  making  potas- 
sium cyanide,  which  does  not,  however,  yield  it  pure,  but  mixed  with 
potassium  cyanate.  For  most  of  the  applications  of  potassium  cyanide, 
electro-plating  and  gilding,  for  example,  for  which  a  considerable  quan- 
tity is  now  required,  this  impurity  is  of  no  consequence.  Eight  parts  of 
potassium  ferrocyanide  are  rendered  anhydrous  by  gentle  heat,  and  inti- 
mately mixed  with  3  parts  of  dry  potassium  carbonate :  this  mixture  is 
thrown  into  a  red-hot  earthen  crucible  and  kept  in  fusion,  with  occasional 
stirring,  until  gas  ceases  to  be  evolved,  and  the  fluid  portion  of  the  mass 
becomes  colorless.  The  crucible  is  left  at  rest  for  a  moment,  and  then  the 
clear  salt  decanted  from  the  heavy  black  sediment  at  the  bottom,  which  is 
principally  metallic  iron  in  a  state  of  minute  division.  The  reaction  is 
represented  by  the  equation : 

K4Fe"Cy,    -f     COjK,    =     6KCy    -f     CyKO  -f     Fe.  +     COr 

Ferrocyanide.     Carbonate.      Cyanide.        Cyanate. 
The  product  may  be  advantageously  used,  instead  of  potassium  ferrocy- 
anide, in  the  preparation  of  hydrocyanic  acid,  by  distillation  with  dilated 
oil  of  vitriol. 

Potassium  cyanide  forms  colorless,  cubic  or  octahedral  crystals,  deli- 
quescent in  the  air,  and  exceedingly  soluble  in  water :  it  dissolves  in  boil- 
ing alcohol,  but  separates  in  great  measure  on  cooling.  It  is  readilj 
fusible,  and  undergoes  no  change  at  a  moderate  red  or  even  white  heat, 
when  excluded  from  air ;  otherwise,  oxygen  is  absorbed  and  the  cyanide 
becomes  cyanate.  Its  solution  always  has  an  alkaline  reaction,  and  when 
exposed  to  the  air  exhales  the  odor  of  hydrocyanic  acid:  it  is  decomposed 
by  the  feeblest  acids,  even  the  carbonic  acid  of  the  atmosphere,  and  when 
boiled  in  a  retort  is  slowly  converted  into  potassium  formate,  with  separa- 
tion of  ammonia.  This  salt  is  anhydrous:  it  is  said  to  be  as  poisonous  as 
hydrocyanic  acid  itself. 

Potassium  cyanide  has  been  derived  from  a  curious  and  unexpected 
source.  In  some  of  the  iron  furnaces  in  Scotland,  where  raw  coal  is  used 
for  fuel  with  the  hot  blast,  a  saline-looking  substance  is  occasionally  ob- 
served to  issue  in  a  fused  state  from  the  tuyere-holes  of  the  furnace,  and 
concrete  on  the  outside.  This  proved,  on  examination  by  Dr.  Clark,  to  bo 
principally  potassium  cyanide. 

Sodium  Cyan  ids,  NaCy,  is  a  very  soluble  salt,  corresponding  closely 
with  the  foregoing,  and  obtained  by  similar  means. 

Ammonium  Cyanide,  NH4Cy.  —  This  is  a  colorless,  crystallisable,  and 
very  volatile  substance,  prepared  by  distilling  a  mixture  of  potassium 
cyanide  and  sal-ammoniac ;  or  by  mingling  the  vapor  of  anhydrous  hydro- 
cyanic acid  with  ammoniaoal  gas;  or,  lastly,  according  to  the  observa- 
tions of  M.  LangloiB,  by  passing  ammonia  over  red-hot  charcoal.  It  is 
very  soluble  in  water,  Bubject  to  spontaneous  decomposition,  and  is  slightly 
poisonous. 

Mercuric  Cyanide,  (CN),Hg",  or  Hg"Cyr— One  of  the  most  remark- 
able properties  of  cyanogen  is  its  powerful  attraction  for  certain  of  the 
less  oxidable  metals,  as  silver,  and  more  particularly  for  mercury  and  pal- 
ladium. Dilute  hydrocyanic  acid  dissolves  finely-powdered  mercuric 
oxide  with  the  utmost  ease:  the  liquid  loses  all  odor,  and  yields  on  evapo- 
ration crystals  of  mercuric  cyanide.  Potassium  cyanide  is  in  like  manner 
decomposed  by  mercuric  oxide  "  ->drate  being  produced.     Mer- 
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curie  cyanide  is  generally  prepared  from  common  potassium  ferrocy- 
anide ;  2  parts  of  the  Bait  are  dissolved  in  15  parts  of  hot  water,  and  3 
parts  of  dry  mercuric  sulphate  are  added ;  the  whole  is  boiled  for  fifteen 
minutes,  and  filtered  hot  from  the  iron  oxide,  which  separates.  The  solu- 
tion, on  cooling,  deposits  the  mercuric  cyanide  in  crystals.  Mercuric 
cyanide  forms  white,  translucent  prisms,  much  resembling  those  of  corro- 
sive sublimate :  it  is  soluble  in  8  parts  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  higher  temperature,  and  also  in  alcohol.  The  solution  has  a 
disagreeable  metallic  taste,  is  very  poisonous,  and  is  not  precipitated  by 
alkalies.  Mercuric  cyanide  is  used  in  the  laboratory  as  a  source  of  cyan- 
ogen. 

Silver  Cyanide,  AgCy,  has  been  already  described. — Zme  cyanide, 
ZnCyr  is  a  white  insoluble  powder,  prepared  by  mixing  zinc  acetate  with 
hydrocyanic  acid.  — Cobalt  cyanide,  CoCyr  is  obtained  by  similar  means : 
it  is  dirty-white,  and  insoluble.  —  Palladium  cyanide,  PdCyp  forms  a  yel- 
lowish-white precipitate  when  the  chloride  of  that  metal  is  mixed  with  a 
soluble  cyanide,  including  that  of  mercury. — Auric  cyanide,  AuCvg,  is 
yellowish- white  and  insoluble,  but  freely  dissolved  by  solution  of  potas- 
sium cyanide. 

Ikon  Cyanides. — These  compounds  are  scarcely  known  in  the  separate 
state,  on  account  of  their  great  tendency  to  form  double  salts.  On  adding 
potassium  cyanide  to  a  ferrous  salt,  a  yellowish-red  flocculent  precipitate 
is  formed,  consisting  chiefly  of  ferrous  cyanide,  FeCyr  but  always  con- 
taining a  certain  quantity  of  potassium  cyanide,  and  dissolved  as  ferrocy- 
anide  by  excess  of  that  salt.  Ferric  cyanide,  Fe,Cyr  is  known  only  in 
solution.  Pelouie  obtained  an  insoluble  green  compound  containing 
FetCyg,  or  FeCyt.  Fe,Cy«  by  passing  chlorine  gas  into  a  boiling  solution 
of  potassium  ferrocyanide. 

The  iron  cyanides  unite  with  other  metallic  cyanides,  forming  two  very 
important  groups  of  compounds,  called  ferrocyanidet  and  ferricyanidet,  the 
composition  of  which  may  be  illustrated  by  the  respective  potassium-salts : 

Ferrocyanide,  K4Fe"Cy6,  or  4KCy .  JV'Cy.. 
Ferricyanide,  K.Fe^Cy,,  or  3KCy .  Fe'"Cyr» 

It  will  be  seen  from  these  formulas,  that  the  ferro-  and  ferricyanides 
differ  from  one  another  only  by  one  atom  of  univalent  metal,  and,  accord- 
ingly, it  is  found  that  the  former  may  be  converted  into  the  latter,  by  the 
action  of  oxidizing  (metal-abstracting)  agents,  and  the  latter  into  the  for- 
mer by  the  action  of  reducing  (metal-adding)  agents.  Thus  potassium 
ferrocyanide  is  easily  son  verted  into  the  ferricyanide  by  the  action  of  chlo- 
rine, and  many  double  ferrocyanides  may  be  formed  from  ferricyanides  by 
the  action  of  alkalies  in  presence  of  a  reducing  agent ;  thus  potassium 
ferricyanide,  K8Fe///Cye,  is  easily  converted  into  ammonio-tripotassic  fer- 
rocyanide, (NU4)KtFe//Cyr  by  the  action  of  ammonia  in  presence  of  glu- 
cose, f 


•  Strictly  speaking,  the  formula  of  potassium  ferricyanide  should  be  6KCy .  Fe"'|Cy6  free 

398);  but,  for  comparing  the  composition  of  the  ferric — " *"  *•----■     - 

,  the  simpler  formula  above  given  in  more  convenient. 


Ianx,  p.  398);  but,  for  comparing  the  composition  of  the  ferricyanides  with  that  of  the  ferro* 
cyanides,  f  *      *         ' 


f  The  ferrocyanide*  and  ferricyanidm  are  sometime*  regarded  as  salts  of  peculiar  com- 
pound radicals  containing  iron,  vis.,  fm-ocyanrMen^  Fc^'Cy*  and  fcrricyanngen,  Fe,"Cy9,  the 
first  being  quadrivalent,  the  second  trivalent ;  but  there  is  nothing  gained  by  this  assump- 
tion. For  a  discussion  of  the  formulas  of  these  salts,  and  of  the  double  cyanides  in  general, 
see  Watts's  Dictionary  of  Chemistry,  vol.  ii.  p.  201. 
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Ftrrocyamdu. 

Potassium  Febrocyanidb,  K4Fe"Cy«,  or  4KCy .  Fe'^y^  commonly 
called  yellow  prustiaU  of  potash.  —  This  important  salt  is  formed :  — 1.  By 
digesting  precipitated  ferrous  cyanide  in  aqueous  solution  of  potassium 
cyanide.  —  2.  By  digesting  ferrous  hydrate  with  potassium  cyanide,  potash 
being  formed  at  the  same  time : 

6KCy    +     Fe"H,0,    =    2KHO    +    K4Fe"Cyr 

3.  Ferrous  cyanide  with  aqueous  potash : 

3F"Cy,    -f-    4KHO    =    2Fe"H,0,    -f     K4Fc"Cyr 

4.  Aqueous  potassium  cyanide  with  metallic  iron :  if  the  air  be  excluded, 
hydrogen  is  evolved : 

6KCy     +     Fe    +     20H,    =    K^'Cy.    +    2KHO    +     Ha; 

but  if  the  air  has  access  to  the  liquid,  oxygen  is  absorbed,  and  no  hydrogen 
is  evolved : 

6KCy    +    Fe    +    OH,    +    0    =    K4Fe"Cy§    -f    2KHO. 

5.  Ferrous  sulphide  with  aqueous  potassium  cyanide : 

6KCy    +     Fe"S     =     K.S    +     K4Fe"Cyr 

6.  Any  soluble  ferrous  salt  with  potassium  cyanide ;  e.  g. : 

6KCy     -f     S04Fe"    =    S04K,    -f     K4Fe"Cyr 

Potassium  ferrocyanide  is  manufactured  on  the  large  scale  by  the  follow- 
ing process :  —  Dry  refuse  animal  matter  of  any  kind  is  fused  at  a  red  heat 
with  impure  potassium  carbonate  and  iron  filings,  in  a  large  iron  vessel, 
from  which  the  air  should  be  excluded  as  much  as  possible;  potassium 
cyanide  is  generated  in  large  quantity.  The  melted  mass  is  afterwards 
treated  with  hot  water,  which  dissolves  out  the  cyanide  and  other  salts,  the 
cyanide  being  quickly  converted  by  the  oxide  or  sulphide  *  of  iron  into 
ferrocyanide.  The  filtered  solution  is  evaporated,  and  the  first-formed 
crystals  are  purified  by  re-solution.  If  a  sufficient  quantity  of  iron  be  not 
present,  great  loss  is  incurred  by  the  decomposition  of  the  cyanide  into  po- 
tassium carbonate  and  ammonia. 

A  new  process  for  the  preparation  of  potassium  ferrocyanide  has  lately 
been  proposed  by  M.  Gllis.  It  consists  in  converting  carbon  bisulphide 
into  ammonium  sulphocarbonate  by  agitating  it  with  ammonium  sulphide: 
CS,  +  (NH4),S  =  (NH4)aCSj,  and  heating  the  product  thus  obtained  with 
potassium  sulphide,  whereby  potassium  sulphocyanate  (p  717)  is  formed, 
with  evolution  of  ammonium  sulphide  and  hydrogen  sulphide : 

2(NH4),C8,    +     KgS    =    2CNSK    -f     2(NH4)HS     +     3HJ8. 

The  potassium  sulphocyanate  is  dried,  mixed  with  finely  divided  metallic 
iron,  and  heated  for  a  short  time  in  a  closed  iron  vessel  to  dull  redness, 
whereby  the  mixture  is  converted  into  potassium  ferrocyanide,  potassium 
sulphide,  and  iron  sulphide : 

6CNSK    +    Fe4    =    K4Fe"Cy4    +   6Fe"S    +    K^3. 

By  treatment  with  water,  the  sulphide  and  ferrocyanide  of  potassium  are 
dissolved,  and  on  evaporation  the  ferrocyanide  is  obtained  in  crystals.  It 
remains  to  be  seen  whether  this  ingenious  process  is  capable  of  being 
carried  out  upon  a  large  scale. 

•  The  sulphur  is  derived  from  the  reduced  sulphate  of  the  crude  pearl-ashes  and  the  animal 
substances  used  in  the  manufacture. 
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Potassium  ferrocyanide  forms  large,  transparent,  yellow  crystals,  K4Fe" 
Cyc.3  Aq.,  deriTed  from  an  octohedron  with  a  square  base:  they  cleave 
with  facility  in  a  direction  parallel  to  the  base  of  the  octohedron,  and  are 
tough  and  difficult  to  powder.  They  dissolve  in  4  parts  of  cold  and  2  parts 
of  boiling  water,  and  are  insoluble  in  alcohol.  They  are  permanent  in  the 
air,  and  have  a  mild  saline  taste.  The  salt  has  no  poisonous  properties, 
and,  in  small  doses  at  least,  is  merely  purgative.  Exposed  to  a  gentle  heat, 
it  loses  8  molecules  of  water,  and  becomes  anhydrous :  at  a  high  tempera- 
ture it  yields  potassium  cyanide,  iron  carbide,  and  various  gaseous  pro- 
duets  ;  if  air  be  admitted,  the  cyanide  becomes  cyanate. 

Potassium  ferrocyanide  is  a  chemical  reagent  of  great  value :  when  mixed 
in  solution  with  neutral  or  slightly  acid  salts  of  the  heavy  metals,  it  gives 
rise  to  precipitates  which  very  frequently  present  highly  characteristic 
colors.  In  most  of  these  compounds  the  potassium  is  simply  displaced 
by  the  new  metal :  the  beautiful  brown  ferrocyanide  of  copper  contains, 
for  example,  Cu"1Fe"Cy^  or  2Cu"Cy, .  Fe"Cyr  and  that  of  lead,  Pb", 
Fe"Cyr 

With  ferrous  salts,  potassium  ferrocyanide  gives  a  precipitate  which  is 
perfectly  white,  if  the  air  be  excluded  and  the  solution  is  quite  free  from 
ferric  salt,  but  quickly  turns  blue  on  exposure  to  the  air.  It  consists  of 
potassio-ferrous  ferrocyanide,  K3Fe//sCye,  or  potassium  ferrocyanide  having 
half  the  potassium  replaced  by  iron.  The  same  salt  is  produced  in  the 
preparation  of  hydrocyanic  acid  by  distilling  potassium  ferrocyanide  with 
dilute  sulphuric  acid  (p.  701). 

When  a  soluble  ferrocyanide  is  added  to  the  solution  of  &  ferric  salt,  a 
deep  blue  precipitate  is  formed,  consisting  of  ferric  ferrocyanide,  Fe-Cy,8,  or 
Fe///4Fe/,,Cylr  or  4Fe'"Cy1 .  8Fe"Cyr  which  in  combination  with  18  mole- 
cules of  water  constitutes  ordinary  Prussian  blue.  This  beautiful  pigment 
is  best  prepared  by  adding  potassium  ferrocyanide  to  ferric  nitrate  or 
chloride : 

3K4Fe"Cyf    +    2Fe'",Cl6    =     12KC1    +    Fe^y^ 

It  is  also  formed  by  precipitating  a  mixture  of  ferrous  and  ferric  salts  with 
potassium  cyanide : 

18KCy    +    8Fe"Cl,    +    2Fe'",Cl§    =    18KC1    +    Fe7Cyl8. 

This  reaction  explains  Scheele's  test  for  prussio  acid  (p.  708).  Prussian 
blue  is  also  formed  by  the  action  of  air,  chlorine-water,  and  other  oxidizing 
agents,  on  potassio-ferrous  ferrocyanide ;  probably  thus : 

6KaFe",Cye    -f     0,    =    FeTCy18    +    8K4Fe"Cy§    +    Fe,Or 

It  is  chiefly  by  this  last  reaction  that  Prussian  blue  is  prepared  on  the 
large  scale,  potassium  ferrocyanide  being  first  precipitated  by  ferrous  sul- 
phate, and  the  resulting  white  or  light  blue  precipitate  either  left  to  oxidize 
by  contact  with  the  air,  or  subjected  to  the  action  of  nitric  acid,  chlorine, 
hypochlorites,  chromic  acid,  &c.  The  product,  however,  is  not  pure  ferric 
ferrocyanide:  for  it  is  certain  that  another  and  simpler  reaction  takes 
place  at  the  same  time,  by  whioh  the  potassio-ferrous  ferrocyanide,  (K2Fe//) 
Fe//Cyf,  is  converted*  by  abstraction  of  an  atom  of  potassium,  into  potas- 
sio-ferrous ferricyanide,  (KFe//)Fe///Cyi,  which  also  possesses  a  fine  deep- 
blue  color.  Commercial  Prussian  blue  is,  therefore,  generally  a  mixture 
of  this  compound  with  ferric  ferrocyanide,  Fe///JPe//Xiyw  the  one  or  the 
other  predominating  according  to  the  manner  in  which  the  process  is  con- 
ducted. 

Prussian  blue  in  the  moist  state  forms  a  bulky  precipitate,  whioh  shrinks 
to  a  comparatively  small  compass  when  well  washed  and  dried  by  a  gentle 
heat.     In  the  dry  state  it  is  hard  and  brittle,  much  resembling  in  appear- 
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ance  the  best  indigo :  the  freshly  fractured  surfaces  have  a  beautiful  cop- 
per-red lustre,  similar  to  that  produced  by  rubbing  indigo  with  a  hard 
body.  Prussian  blue  is  quite  insoluble  in  water  and  dilnte  acids,  with  the 
exception  of  oxalic  acid,  in  a  solution  of  which  it  dissolves,  forming  a  deep- 
blue  liquid,  which  is  sometimes  used  as  ink :  concentrated  oil  of  vitriol 
converts  it  into  a  white,  pasty  mass,  which  again  becomes  blue  on  addition 
of  water.  Alkalies  destroy  the  color  instantly :  they  dissolve  out  a  ferro- 
cyanide,  and  leave  ferric  oxide.  Boiled  with  water  and  mercuric  oxide,  it 
yields  a  cyanide  of  the  metal,  and  ferric  oxide.  Heated  in  the  air,  Prus- 
sian blue  burns  like  tinder,  leaving  a  residue  of  ferric  oxide.  Exposed  to 
a  high  temperature  in  a  close  vessel,  it  gives  off  water,  ammonium  cyanide, 
and  ammonium  carbonate,  and  leaves  carbide  of  iron.  It  forms  a  very 
beautiful  pigment,  both  as  oil  and  water  color,  but  has  little  permanency. 

Common  or  basic  Prussian  blue  is  an  inferior  article  prepared  by  pre- 
cipitating a  mixture  of  ferrous  sulphate  and  alum  with  potassium  ferroey- 
anide,  and  exposing  the  precipitate  to  the  air.  It  contains  alumina,  which 
impairs  the  color,  but  adds  to  the  weight. 

Soluble  Prussian  blue  is  obtained  by  adding  ferric  chloride  to  an  excess 
of  potassium  ferrocyanide ;  it  is  insoluble  in  the  saline  liquor,  but  soluble 
in  pure  water.  It  has  a  deep  blue  color,  and  probably  consists  of  potasaio- 
ferrous  ferricyanide. 

Hydrogun  Ferrocyanidk  ok  Hydrofrrrocyanic  Acid,  H4Fe//Cyr  dis- 
covered by  Mr.  Porrett,  is  prepared  by  decomposing  ferrocyanide  of  lead 
or  copper  suspended  in  water  by  a  stream  of  sulphuretted  hydrogen  gas. 
The  filtered  solution  evaporated  in  a  vacuum  over  oil  of  vitriol,  yields  the 
acid  in  the  solid  form.  If  the  aqueous  solution  be  agitated  with  ether, 
nearly  the  whole  of  the  acid  separates  in  colorless,  crystalline  lamina ;  it 
may  even  be  made  in  large  quantity  by  adding  hydrochloric  acid  to  a  strong 
solution  of  potassium  ferrocyanide  in  water  free  from  air,  and  shaking  the 
whole  with  ether.  The  crystals  may  be  dissolved  in  alcohol,  and  the  acid 
again  thrown  down  by  ether.  Hydroferrocyanic  acid  differs  completely 
from  hydrocyanic  acid :  its  solution  in  water  has  a  powerfully  acid  taste 
and  reaction,  and  decomposes  alkaline  carbonates  with  effervescence:  it 
does  not  dissolve  mercurio  oxide  in  the  cold,  but  when  heat  is  applied,  un- 
dergoes decomposition,  forming  mercuric  cyanide  and  ferrous  cyanide: 
H4Fe"Cy,  +  2Hg"0  =  2Hg"Cyt  +  Fe"Cy,  +  20H,;  but  the  ferrous  cy- 
anide is  immediately  oxidized  by  the  excess  of  mercuric  oxide,  with  sepa- 
ration of  metallic  mercury.  In  the  dry  state  the  acid  is  very  permanent, 
but  when  long  exposed  to  the  air  in  contact  with  water,  it  is  entirely  con- 
verted into  Prussian  blue. 

Sodium  ferrocyanide,  Na"Fc"Cy8  .  12  Aq.,  crystallizes  in  yellow  four- 
sided  prisms,  which  are  efflorescent  in  the  air  and  very  soluble. 

Ammonium  ferrocyanide,  (NH4)"Fe"Cye  .  8  Aq.,  is  isomorphous  with  po- 
tassium ferrocyanide :  it  is  easy  soluble,  and  is  decomposed  by  ebullition. 
Barium  ferrocyanide,  Ba",Fe"Cy§,  prepared  by  boiling  potassium  ferrocy- 
anide with  a  large  excess  of  barium  chloride,  or  Prussian  blue  with  baryta- 
water,  forms  minute  yellow,  anhydrous  crystals,  which  have  but  a  small  de- 
gree of  solubility  even  in  boiling  water.  The  corresponding  compounds 
of  strontium,  calcium,  and  magnesium  are  more  freely  soluble.  The  ferro- 
cyanides  of  silver,  lead,  zinc,  manganese,  and  bismuth  are  white  and  insoluble  : 
those  of  nickel  and  cobalt  are  pale-green  and  insoluble;  and,  lastly,  that  of 
copper  has  a  beautiful  reddish-brown  tint. 

There  are  also  several  double  ferrocyanides.  When,  for  example,  con- 
centrated solutions  of  calcium  chloride  and  potassium  ferrocyanide  are 
mixed,  a  sparingly  soluble  crystalline  precipitate  falls,  containing  K,Ca" 
Fe"Cyr 
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Ferricyanides. 

These  salts  are  formed,  as  already  observed,  by  abstraction  of  metal  from 
the  ferrocyanidea ;  in  other  words,  by  the  action  of  oxidizing  agents. 

Potassium  Fkrbicyanide,  K,Fe///Cyr  often  called  redprussiate  of  potash, 
is  prepared  by  slowly  passing  chlorine,  with  agitation,  into  a  somewhat 
dilute  and  cold  solution  of  potassium  ferrooyanide,  until  the  liquid  acquires 
a  deep  reddish-green  color,  and  ceases  to  precipitate  a  ferric  salt.  The 
solution  is  evaporated  until  a  skin  begins  to  form  upon  the  surface,  then 
filtered,  and  left  to  cool ;  and  the  salt  is  purified  by  re-crystallization.  It 
forms  regular,  prismatic,  or  sometimes  tabular  crystals,  of  a  beautiful  ruby- 
red  tint,  permanent  in  the  air,  and  soluble  in  4  parts  of  cold  water:  the 
solution  has  a  dark-greenish  color.  The  crystals  burn  when  introduced 
into  the  flame  of  a  candle,  and  emit  sparks.  The  salt  is  decomposed  by  ex- 
cess of  chlorine,  and  by  deoxidizing  agents,  as  sulphuretted  hydrogen. 

Hydrogen  ferricyanide  is  obtained  in  the  form  of  a  reddish -brown  acid 
liquid,  by  decomposing  lead  ferricyanide  with  sulphuric  acid :  it  is  very 
unstable,  and  is  resolved,  by  boiling,  into  hydrated  ferric  cyanide,  an  in- 
soluble dark-green  powder  containing  Fe,Cye  .  8  Aq.,  and  hydrocyanic  acid. 
The  ferricyanides  of  sodium,  ammonium,  and  of  the  alkaline  earths,  are  sol- 
uble ;  those  of  most  of  the  other  metals  are  insoluble.  Potassium  ferri- 
cyanide, added  to  a  ferric  salt,  occasions  no  precipitate,  but  merely  a  dark- 
ening of  the  reddish-brown  color  of  the  solution;  with  ferrous  salts,  on  the 
other  hand,  it  gives  a  deep  blue  precipitate,  consisting  of  ferrous  ferricyanide, 
Fe§Cytt .  x  Aq.,  or  Fe//sFe///?Cy w .  x  Aq.,  which,  when  dry,  has  a  brighter 
tint  than  Prussian  blue :  it  is  known  under  the  name  of  TurnbulVs  blue. 
Hence,  potassium  ferricyanide  is  as  delicate  a  test  for  ferrous  salts  as  the 
yellow  ferrocyanide  is  for  ferric  salts. 

Cobaltictanidbs. — This  name  is  applied  to  a  series  of  compounds  analo- 
gous to  the  preceding,  containing  cobalt  in  place  of  iron ;  a  hydrogen-acid 
has  been  obtained,  and  a  number  of  salts,  which  much  resemble  the  ferri- 
cyanides. Several  other  metals  of  the  same  isomorphous  family  are  found 
capable  of  replacing  iron  in  these  compounds. 

Nitbopbubsides — The  action  of  nitric  acid  upon  ferrocyanides  and  fer- 
ricyanides gives  rise  to  the  formation  of  a  \ery  interesting  series  of  new 
salts,  which  were  discovered  by  Dr.  Playfair.  The  general  formula  of 
these  salts  appears  to  be  Ms(NO)Fe//Cy5,  which  exhibits  a  close  relation 
with  those  of  the  ferro-  and  ferricyanides. 

The  formation  of  the  nitroprussides  appears  to  consist  in  the  reduction 
of  the  nitrio  acid  to  the  state  of  nitrogen  dioxide  or  nit  rosy  1,  NO,  which 
replaces  1  molecule  of  metallic  cyanide,  MCy,  in  a  molecule  of  ferricyanide, 
M,Fe///Cyi.  The  formation  of  these  salts  is  attended  by  the  production 
of  a  variety  of  secondary  products,  such  as  cyanogen,  oxamide,  hydrocyanic 
acid,  nitrogen,  carbonic  acid,  &c.  One  of  the  finest  compounds  of  this 
series  is  the  nitroprusside  of  sodium,  Na2(NO)Fe"Cy5.  2  Aq.,  which  isreadily 
obtained  by  treating  2  parts  of  the  powdered  ferrocyanide  with  6  parts  of 
common  nitric  acid  previously  diluted  with  its  own  volume  of  water.  The 
solution,  after  the  evolution  of  gas  has  ceased,  is  digested  on  the  water-bath, 
until  ferrous  salts  no  longer  yield  a  blue,  but  a  slate-colored  precipitate. 
The  liquid  is  now  allowed  to  cool,  when  much  potassium  nitrate,  and  occa- 
sionally oxamide,  is  deposited :  it  is  filtered  and  neutralized  with  sodium 
carbonate,  which  yields  a  green  or  brown  precipitate,  and  a  ruby-colored 
filtrate.  This,  on  evaporation,  gives  a  crystallization  of  the  nitrates  of  po- 
tassium and  sodium,  together  with  the  nitroprusside.  The  crystals  of  t>"* 
60 
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latter  are  selected  and  purified  by  crystallization ;  they  are  rhombic  and 
of  a  splendid  ruby  color.  The  soluble  nitroprussides  strike  a  most  beau- 
tiful Tiolettint  with  soluble  sulphides.  This  reaction  is  recommended  by 
Playfair  as  the  most  delicate  test  for  alkaline  sulphides. 


CNK 

+ 

S04(C,H,)K        = 

S04K, 

Potassium 

i 

Potassium 

Potassium 

cyanide. 

ethyl-sulphate. 

sulphate. 

ALCOUOLIC  CYANIDES  OR  HYDROCYANIC  ETHERS. 

These  compounds  play  an  important  part  in  organic  chemistry :  we  have 
already  had  occasion  to  notice  them  several  times  in  speaking  of  the  con- 
version of  alcohols  into  acids  containing  a  greater  number  of  carbon-atoms. 

The  cyanides  of  univalent  alcohol-radicals  may  also  be  regarded  as  com- 
pounds of  nitrogen  with  trivalent  radicals:  hence  they  are  often  called 
nitrile*;  thus: 

Hydrogen  cyanide     H  .  CN  =  (CH  )'"N  Methenyl  nitrile. 

Methyl  cyanide     C  H, .  CN  =  (CfH,)'"N  Ethenyl  nitrile. 

Ethyl  cyanide        C,HS .  CN  =  (C,Hft) WN  Propenyl  nitrile. 

Propyl  cyanide       C,HT .  CN  =  (C4HT)"'N  Quartenyl  nitrile. 

Phenyl  cyanide       CeH§ .  CN  =  (CTH,)'"N  Benionitrile. 

These  alcoholic  cyanides  are  produced : 

1.  By  distilling  a  mixture  of  potassium  cyanide  and  the  potassium-salt 
of  ethylsulphuric  or  a  similar  acid : 

CN .  C.H. 

Ethyl 
cyanide. 

2.  By  the  dehydrating  action  of  phosphoric  oxide  on  the  ammonium- 
salts  of  the  corresponding  acids  containing  the  radicals  C„Hto_10  and 
CaHto-rO;  thus: 

C,HsO,.NH4        —         20H,         —        CtH,N 
Ammonium  Ethenyl 

acetate.  nitrile. 

CTH50,.NH4         —         20H,        ==  CTH6N 

Ammonium  Benionitrile. 

bensoate. 

The  bodies  obtained  by  these  two  processes  are  oily  liquids,  exhibiting 
the  same  properties  whether  prepared  by  the  first  or  the  second  method, 
excepting  that  those  obtained  by  the  latter  have  an  aromatic  fragrant  odor, 
whereas  those  prepared  by  the  former  have  a  pungent  and  repulsive  odor, 
due  to  the  presence  of  certain  isomeric  compounds,  to  be  noticed  farther 
on.  Methyl  cyanide,  Ethenyl-nitrile,  or  Acetonitrile,  boils  at  77°  C.  (170°  F) ; 
Ethyl  cyanide]  or  Propenyl-nitrile,  at  82°  C.  (180°  F.);  Butyl  cyanide,  or 
Valeronitrile,  at  125°-128°  C.  (267°-262°  F.) ;  Amyl  cyanide,  or  Capromtrik, 
at  146°  C.  (295°  F  );  Phenyl  cyanide,  or  BenzonitriU,  at  190-6°  C.  (375°  F.). 

All  these  cyanides,  when  heated  with  fuming  sulphuric  acid  or  sulphu- 
ric oxide,  undergo  the  decomposition  already  mentioned  (p.  682),  yielding 
sulpho-acids.  By  heating  with  caustic  potash  or  soda,  they  are  resolved 
into  ammonia  and  the  corresponding  fatty  or  aromatic  acid,  just  as  hydro- 
cyanic acid  similarly  treated  is  resolved  into  ammonia  and  formic  acid ; 
thus: 

CNH         +  2H«°        =         NHs         +  CH*°* 

Hydrogen  Formic 

cyanide.  ***<*• 
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CN.C,H5        +        2HtO         =         NH,         +         C,H60, 

Ethyl  Propionic 

cyanide.  »cid. 

CN.C.H,        +        2H,0         =         NH,         +         C7H6Ot 
Phenyl  Benzoic  acid, 

cyanide. 

Elhetu  cyanide,  (CaH4)//(CN)r  is  obtained  by  distilling  potassium  cyanide 
with  ethene  bromide : 

C,H4Br,    +    2CNK    =    2KBr    +    C,H4(CN)r 

It  is  a  crystalline  body,  melting  at  60°,  and  converted  by  alcoholic  potash 
into  ammonia  and  succinic  acid: 

C,H4(CN),    +    4HfO    =    2NH,    +    C4He04. 

Isocyanides. — On  examining  the  equations  just  given  for  the  decompo- 
sition of  the  alcoholic  cyanides  under  the  influence  of  alkalies,  it  is  easy 
to  see  that  the  reaction  might  be  supposed  to  take  place  in  a  different  way, 
each  cyanide  or  nitrile  yielding,  not  ammonia  and  an  acid  containing  the 
same  number  of  carbon-atoms  as  itself,  but  an  alcoholic  ammonia,  or 
amine,  and  formic  acid ;  thus : 

CN.C,H5        +        2H,0        =        NH,C8H6        +        CH,0, 
Ethyl  Ethyl-  Formic 

cyanide.  amine.  acid. 

In  the  one  case  the  alcohol-radical  remains  united  with  the  carbon,  pro- 
ducing a  homologue  of  formic  acid,  together  with  ammonia;  in  the  other 
.  it  remains  united  with  the  nitrogen,  producing  a  homologue  of  ammonia, 
together  with  formic  acid. 

A  class  of  cyanides  exhibiting  the  second  of  these  reactions  has  lately 
been  discovered  by  Dr.  Hofmann.*  They  are  obtained  by  distilling  a 
mixture  of  an  alcoholic  ammonia-base  and  chloroform  with  alcoholic  potash ; 
for  example : 

C6HTN        -f        CHC1,        =        8HC1        +        C7HSN 
Aniline.  Chloro-  Phenyl- 

form.  isocyanide. 

The  potash  serves  to  neutralise  the  hydrochloric  aoid  produced,  which 
would  otherwise  quickly  decompose  the  isocyanide.  Phenyl  isocyanide, 
when  freed  from  excess  of  aniline  by  oxalic  acid,  then  dried  with  oaustic 
potash  and  rectified,  is  an  oily  liquid,  green  by  transmitted,  blue  by  re- 
flected light,  and  having  an  intolerably  pungent  and  suffocating  odor.  It 
is  isomeric  with  benzonitrile,  and  is  resolved  by  boiling  with  dilute  acids 
into  formic  acid  and  aniline : 

C7H6N        +        2H,0        =        CH.O,        +        C6H7N. 

It  is  a  remarkable  fact  that,  whereas  the  normal  alcoholic  cyanides  are 
easily  decomposed  by  boiling  alkaline  solutions,  the  isocyanides  are 
scarcely  altered  by  alkalies,  but  are  easily  hydrated  under  the  influence 
of  acids. 

The  isocyanides  of  ethyl  and  amyl  have  been  obtained  by  similar  pro- 
cesses ;  also  by  the  action  of  ethylic  and  amylic  iodides  on  silver  cyanide. 
They  resemble  the  phenyl  compound  in  their  reactions,  and  are  also  char- 
acterized by  extremely  powerful  odors.  The  repulsive  odor  possessed  by 
the  normal  alcoholic  cyanides  when  prepared  by  distilling  potassium  cya- 

•  Proceedings  of  the  Royal  Society,  xvi.  144, 148, 160. 
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nide  with  the  ethyl-sulphate,  appears  to  be  due  to  the  presence  of  small 
quantities  of  these  isocyanides. 

The  difference  of  constitution  between  the  normal  cyanides  and  the  iso- 
cyanides may  be  represented  by  the  following  formula,*  taking  the  methyl 
compounds  for  example : 

Cyanide.  Isocyanide. 

In  the  isocyanide  the  carbon  belonging  to  the  alcohol-radical  is  united  di- 
rectly with  the  nitrogen ;  in  the  isocyanide,  only  through  the  medium  of 
the  carbon  belonging  to  the  oyanogen. 

This  difference  of  structure  may  perhaps  account  for  the  difference  in  the 
reactions  of  the  cyanides  and  isocyanides  under  the  influence  of  hydrating 
agents;  thus: 


C(CH,        + 
Methyl  cyanide. 

N{CH.        + 
Methyl  isocyanide. 


fCH, 


C^  O" 
(OH 
Acetic  acid. 


2H,0        =        NHS        + 

Ammonia. 
2H,0        =     n{«&>     +        CJO 


Methylamine. 


OH 
Formic  acid. 


Cyanio  and  Cyanurio  Adds. 

These  are  two  remarkable  polymeric  bodies,  related  in  a  very  close  and 
intimate  manner,  and  presenting  phenomena  of  great  interest.  Cyanic 
acid  is  formed  as  a  potassium-salt,  in  conjunction  with  potassium  cyanide, 
when  cyanogen  gas  is  transmitted  oyer  heated  hydrate  or  carbonate  of  po- 
tassium, or  passed  into  a  solution  of  the  alkaline  base,  the  reaction  resem- 
bling that  by  which  potassium  chlorate  and  potassium  chloride  are  generated 
when  chlorine  is  passed  into  a  solution  of  potash,  (p.  186.)  Potassium 
cyanate  is,  moreover,  formed  when  the  cyanide  is  exposed  to  a  high  tem- 
perature with  access  of  air :  unlike  the  chlorate,  it  bears  a  full  red  heat 
without  decomposition. 

Cyanic  Acid,  CNHO,  is  procured  by  heating  to  dull  redness  in  a  hard 
glass  retort  connected  with  a  receiver  cooled  by  ice,  cyanuric  acid  deprived 
of  its  water  of  crystallisation.  The  cyanuric  acid  is  resolved,  without  any 
other  product,  into  cyanic  acid,  which  condenses  in  the  receiver  to  a  limpid, 
colorless  liquid,  of  exceedingly  pungent  and  penetrating  odor,  like  that  of 
the  strongest  acetic  acid :  it  even  blisters  the  skin.  When  mixed  with 
water,  it  decomposes  almost  immediately,  giving  rise  to  ammonium  bicar- 
bonate : 


CNHO 


+        OH,        =        CO,        +        NHr 


This  is  the  reason  why  the  acid  cannot  be  separated  from  a  cyanate  by 
a  stronger  acid.  A  trace  of  cyanio  acid,  however,  always  escapes  decom- 
position, and  communicates  to  the  carbon  dioxide  evolved  a  pungent  smell 
similar  to  that  of  sulphurous  acid.  The  cyanates  may  be  easily  distin- 
guished by  this  smell,  and  by  the  simultaneous  formation  of  an  ammonia- 
salt,  which  remains  behind. 

Pure  cyanic  acid  cannot  be  preserved :  shortly  after  its  preparation  it 
changes  spontaneously,  with  sudden  elevation  of  temperature,  into  a  solid, 
white,  opaque,  amorphous  substance,  called  cyameUdt,     This  curious  body 
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has  the  same  composition  as  cyanic  acid :  it  is  insoluble  in  water,  alcohol, 
ether,  and  dilute  acids:  it  dissolves  in  strong  oil  of  vitriol  by  the  aid  of 
heat,  with  evolution  of  carbon  dioxide  and  production  of  ammonia;  boiled 
with  solution  of  caustic  alkali,  it  dissolves,  ammonia  being  disengaged,  and 
a  mixture  of  cyanate  and  cyanurate  of  the  base  generated.  By  dry  distil- 
lation it  is  again  converted  into  cyanic  acid. 

Potassium  Cyanate,  CNKO.  —  The  best  method  of  preparing  this  salt  is, 
according  to  Liebig,  to  oxidize  potassium  cyanide  with  litharge.  The 
cyanide,  already  containing  a  portion  of  cyanate,  described  at  page  704, 
is  re-melted  in  an  earthen  crucible,  and  finely  powdered  lead  oxide  added 
by  small  portious:  the  oxide  is  instantaneously  reduced,  and  the  metal,  at 
first  in  a  state  of  minute  division,  ultimately  collects  to  a  fused  globule  at 
the  bottom  of  the  cruoible.  The  salt  is  poured  out,  and,  when  cold,  pow- 
dered and  boiled  with  alcohol;  the  hot  filtered  solution  deposits  crystals 
of  potassium  cyanate  on  cooling.  The  great  deoxidizing  power  exerted  by 
potassium  cyanide  at  a  high  temperature  promises  to  render  it  a  valuable 
agent  in  many  of  the  finer  metallurgic  operations. 

Another  method  of  preparing  the  cyanate  is  to  mix  dried  and  finely-pow- 
dered potassium  ferrocyanide  with  half  its  weight  of  equally  dry  manganese 
dioxide ;  heat  this  mixture  in  a  shallow  iron  ladle,  with  free  exposure  to 
air  and  frequent  stirring,  until  the  tinder-like  combustion  is  at  an  end ; 
and  boil  the  residue  in  alcohol,  which  extracts  the  potassium  cyanate. 

This  salt  crystallises  from  alcohol  in  thin,  colorless,  transparent  plates, 
which  suffer  no  change  in  dry  air,  but  on  exposure  to  moisture  are  gradu- 
ally converted,  without  much  alteration  of  appearance,  into  potassium  bi- 
carbonate, ammonia  being  at  the  same  time  given  off.  Water  dissolves  po- 
tassium cyanate  in  large  quantity :  the  solution  is  slowly  decomposed  in 
the  cold,  and  rapidly  at  a  boiling  heat,  into  potassium  bicarbonate  and  am- 
monia. When  a  concentrated  solution  is  mixed  with  a  small  quantity  of 
dilute  mineral  acid,  a  precipitate  falls,  consisting  of  acid  potassium  cyanu- 
rate. Potassium  cyanate  is  reduced  to  cyanide  by  ignition  with  charcoal 
in  a  covered  crucible.  Mixed  with  solutions  of  lead  and  silver,  it  gives 
rise  to  white  insoluble  cyauates  of  those  metals. 

Ammonium  cyanate ;  Urea.  — When  the  vapor  of  cyanic  acid  is  mixed  with 
excess  of  amnion iacal  gas,  a  white,  crystalline,  solid  substance  is  produced^ 
which  has  all  the  characters  of  a  true,  although  not  neutral  ammonium 
cyanate.  It  dissolves  in  water,  and  if  mixed  with  an  acid,  evolves  carbon 
dioxide :  with  an  alkali,  it  yields  ammonia.  If  the  solution  be  heated,  or 
if  the  crystals  be  merely  exposed  for  a  certain  time  to  the  air,  a  portion  of 
ammonia  is  dissipated,  and  the  properties  of  the  compound  are  completely 
changed.  It  may  now  be  mixed  with  acids  without  the  least  sign  of  de- 
composition, and  does  not  evolve  the  smallest  trace  of  ammonia  when 
treated  with  cold  caustic  alkali.  The  result  of  this  curious  metamorphosis 
of  the  cyanate  is  urea,  a  product  of  the  animal  body,  the  chief  and  charac- 
teristic constituent  of  urine.  This  transformation,  the  discovery  of  which 
is  due  to  Wohier,  is  especially  interesting  as  the  first  instance  of  the  arti- 
ficial formation  of  a  product  of  the  living  organism.  The  properties  of 
urea,  and  the  most  advantageous  methods  of  preparing  it,  will  be  found 
described  a  few  pages  hence. 

Ctanueic  Acid,  CsNsHsO,.  —  The  substance  called  melam,  of  which  fur- 
ther mention  will  be  made,  is  dissolved  by  gentle  heat  in  concentrated  sul- 
phuric acid,  the  solution  mixed  with  20  or  30  parts  of  water,  and  the  whole 
maintained  at  a  temperature  approaching  the  boiling  point,  until  a  speci- 
men of  the  liquid,  on  being  tried  by  ammonia,  no  longer  gives  a  white  pre- 
cipitate :  several  days  are  required  to  effect  this  change.  The  liquid,  con- 
60* 
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cent  rated  by  evaporation,  deposits  on  cooling  cyanuric  acid,  which  is 
purified  by  re-crystallization.  Another,  and  perhaps  simpler  method,  is  to 
neat  dry  and  pure  urea  in  a  flask  or  retort :  the  substance  melts,  boils,  gives 
off  ammonia  in  large  quantity,  and  at  length  becomes  converted  into  a 
dirty-white,  solid,  amorphous  mass,  which  is  impure  cyanuric  acid.  This 
is  dissolved  by  the  aid  of  heat  in  strong  oil  of  vitriol,  and  nitric  acid 
added  by  small  portions  till  the  liquid  becomes  nearly  colorless :  it  is  then 
mixed  with  water,  and  left  to  cool,  whereupon  the  cyanuric  acid  separates. 
The  urea  may  likewise  be  decomposed  very  conveniently  by  gently  heating 
it  in  a  tube,  while  dry  chlorine  or  hydrochloric  acid  gas  passes  over  it.  A 
mixture  of  cyanuric  acid  and  sal-ammoniac  results,  which  is  separated  by 
dissolving  the  latter  in  water. 

Cyanuric  acid  forms  colorless  efflorescent  crystals,  seldom  of  large  size, 
derived  from  an  oblique  rhombic  prism.  It  is  very  little  soluble  in  cold 
water,  and  requires  24  parts  for  solution  at  a  boiling  heat :  it  reddens  lit- 
mus feebly,  has  no  odor,  and  but  little  taste.  The  acid  is  tribasic:  the 
crystals  contain  CjNjHjO,.  2  Aq.,  and  are  easily  deprived  of  their  water  of 
crystallization.  In  point  of  stability,  cyanuric  acid  offers  a  most  remark- 
able contrast  to  its  isomer,  cyanic  acid ;  it  dissolves,  as  above  indicated,  in 
hot  oil  of  vitriol,  and  even  in  strong  nitric  acid,  without  decomposition, 
and,  in  fact,  crystallizes  from  the  latter  in  the  anhydrous  state.  Long- 
continued  boiling  with  these  powerful  agents  resolves  it  into  ammonia  and 
carbonic  acid. 

The  connection  between  oyanic  acid,  urea,  and  cyanuric  acid,  may  be 
thus  recapitulated  : 

Ammonium  cyanate  is  converted  by  heat  into  urea. 

Urea  is  decomposed  by  the  same  means  into  cyanuric  acid  and  ammonia. 

Cyanuric  ncid  is  changed  by  a  very  high  temperature  into  cyanic  acid, 
one  molecule  of  cyanuric  acid  splitting  into  8  molecules  of  cyanic 
acic. 

Ethyl  Cyanate  and  Ctakubate. — When  a  dry  mixture  of  potassium 
oyanate  and  ethylsulphate  is  distilled,  a  product  is  obtained  which  consists 
of  a  mixture  of  the  above  ethers.  They  are  separated  without  difficulty, 
the  cyanate  boiling  at  60°  C  (140°  F.),  while  the  boiling  point  of  the  cyan- 
urate  is  much  higher  — namely,  276°  C.  (628°  F.).  Ethyl  cyanate,  CNO. 
C,H5,  is  a  mobile  liquid,  the  vapor  of  which  excites  a  flow  of  tears.  Its 
formation  is  represented  by  the  equation, 

CNOK    +     S04(C,H5)K     =     S04K,     +     CNO .  C,H&. 

Ethyl  cyan  urate  contains  C9NtOs.  (C,H6)t:  it  arises  in  this  reaction  from 
the  coalescence  of  8  molecules  of  ethyl  cyanate.  It  may  be  likewise  ob- 
tained by  distilling  a  mixture  of  potassium  ethylsulphate  and  cyan  urate. 
Ethyl  cyanurate  is  a  crystalline  mass,  slightly  soluble  in  water,  readily 
soluble  in  alcohol  and  ether,  melting  at  85°  C.  (185°  F.).  By  substituting 
for  potassium  ethylsulphate,  salts  of  me'thyl-  and  amyl-sulphuric  acid,  the 
corresponding  methyl-  and  amyl-compounds  may  be  obtained. 

The  study  of  the  cyanic  and  cyanuric  ethers,  which  were  discovered  by 
Wurtz,  has  led  to  very  important  results,  which  will  be  fully  described  in 
the  section  on  the  Organic  BaseB. 

Fulminic  Acid.  —  This  remarkable  compound,  which  is  polymeric  both 
with  cyanio  and  cyanuric  acids,  originates  in  the  peculiar  action  exercised 
by  nitrous  acid  upon  alcohol  in  presence  of  a  salt  of  silver  or  mercury. 
The  acid  itself,  or  hydrogen  fulminate,  has  not  been  obtained. 

Silver  fulminate  is  prepared  by  dissolving  40  or  60  grains  of  silver,  which 
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need  not  be  pure,  in  about  f  01.  by  measure  of  nitric  acid  of  sp.  gr.  1*87, 
by  the  aid  of  a  little  heat.  To  the  highly  acid  solution,  while  still  hot,  2 
measured  ounces  of  alcohol  are  added,  and  heat  is  applied  until  reaction 
commences.  The  nitric  acid  oxidizes  part  of  the  alcohol  to  aldehyde  and 
oxalic  acid,  becoming  itself  reduced  to  nitrous  acid,  which,  in  turn,  acts 
upon  the  alcohol  in  such  a  manner  as  to  form  nitrous  ether,  fulminio  acid, 
and  water,  1  molecule  of  nitrous  ether  and  1  molecule  of  nitrous  acid 
containing  the  elements  of  1  molecule  of  fulminio  acid  and  2  molecules  of 
water: 

NO,C,H.     +     NO,H     =      C,N,H,0,     +      20Hr 
Ethyl  nitrite.        Nitrous  Fulminio 

acid.  acid. 

The  silver  fulminate  slowly  separates  from  the  hot  liquid  in  the  form  of 
small,  brilliant,  white,  crystalline  plates,  which  may  be  washed  with  a  little 
cold  water,  distributed  upon  separate  pieces  of  filter-paper  in  portions  not 
exceeding  a  grain  or  two  each,  and  left  to  dry  in  a  warm  place.  When 
dry,  the  papers  are  folded  up  and  preserved  in  a  box.  The  only  perfectly 
safe  method  of  keeping  the  salt  is  by  immersing  it  in  water.  Silver  fulmi- 
nate is  soluble  in  36  parts  of  boiling  water,  but  the  greater  part  crystallizes 
out  on  cooling :  it  is  one  of  the  most  dangerous  substances  known,  ex- 
ploding with  fearful  violence  when  strongly  heated,  or  when  rubbed  or 
struck  with  a  hard  body,  or  when  touched  with  concentrated  sulphurio 
acid :  the  metal  is  reduced,  and  a  large  volume  of  gaseous  matter  suddenly 
liberated.  Strange  to  say,  it  may,  when  very  cautiously  mixed  with  cop- 
per oxide,  be  burned  in  a  tube  with  as  much  facility  as  any  other  organic 
substance.  Its  composition  thus  determined  is  expressed  by  the  formula 
C,N,0,Agr 

Fulminic  acid  is  bibasio :  when  silver  fulminate  is  digested  with  caustic 
potash,  one-half  of  the  silver  is  precipitated  as  oxide,  and  a  silver  potassium 
fulminate,  C,NaO,AgK,  is  produced,  which  resembles  the  neutral  silver-salt, 
and  detonates  by  a  blow.  Corresponding  compounds  containing  sodium  or 
ammonium  exist ;  but  a  pure  fulminate  of  an  alkali-metal  has  never  been 
formed.  If  silver  fulminate  be  digested  with  water  and  copper,  or  zinc, 
the  silver  is  entirely  displaced,  and  a  fulminate  of  the  other  metal  produced. 
The  zinc-salt  mixed  with  baryta-water  gives  rise  to  a  precipitate  of  zino 
oxide,  while  zinco-baric  fulminate,  (CjNjOJjZn^Ba",  remains  in  solution. 
Mercuric  fulminate,  CtSfitHg",  is  prepared  by  a  process  very  similar  to  that 
by  which  the  silver-salt  is  obtained :  one  part  of  mercury  is  dissolved  in 
12  parts  of  nitric  acid,  and  the  solution  mixed  with  an  equal  quantity  of 
alcohol ;  gentle  heat  is  applied,  and  if  the  reaction  becomes  too  violent,  it 
may  be  moderated  by  the  addition  from  time  to  time  of  more  spirit:  much 
carbonic  acid,  nitrogen,  and  red  vapors  are  disengaged,  together  with  a 
large  quantity  of  nitrous  ether  and  aldehyde :  these  are  sometimes  con- 
densed and  collected  for  sale,  but  are  said  to  contain  hydrocyanic  acid. 
The  mercuric  fulminate  separates  from  hot  liquid,  and  after  cooling  may 
be  purified  from  an  admixture  of  reduced  metal  by  solution  in  boiling  wa- 
ter and  re-crystallization.  It  much  resembles  the  silver  salt  in  appear- 
ance, properties,  and  degree  of  solubility.  It  explodes  violently  by  friction 
or  percussion,  but,  unlike  the  silver  compound,  merely  burns  with  a  sud- 
den and  almost  noiseless  flash  when  kindled  in  the  open  air.  It  is  manu- 
factured on  a  large  scale  for  the  purpose  of  charging  percussion-caps  ;  sul- 
phur and  potassium  chlorate,  or  more  frequently  nitre,  are  added,  and  the 
powder,  pressed  into  the  cap,  is  secured  by  a  drop  of  varnish. 

The  relation  of  composition  between  the  three  isomeric  acids  are  beauti- 
fully seen  by  comparing  their  silver  salts:  the  first  acid  is  monobasic,  the 
second  Dibasic,  and  the  third  tribasic : 
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8ilver  cyanate CNOAg. 

Silver  fulminate C,N,0,Agr 

Silver  cyanurate         .  ^s^s^t^eV 

Until  lately,  beyond  that  of  identity  of  composition,  no  relation  was 
known  to  exist  between  fulminio  acid  and  its  isomers.  Dr.  Gladstone  has, 
however,  shown  that,  when  a  solution  of  copper  fulminate  is  mixed  with 
excess  of  ammonia,  filtered,  treated  with  sulphuretted  hydrogen  in  excess, 
and  again  filtered  from  the  insoluble  copper  sulphide,  the  liquid  obtained 
is  a  mixed  solution  of  urea  and  ammonium  sulphocyanate. 

Another  view  regarding  the  constitution  of  fulminic  acid  was  proposed 
by  Gerhard  t.  The  fulminates  may  be  considered  as  methyl  cyanide  (aceto- 
nitrile),  in  which  one  atom  of  hydrogen  is  replaced  by  NO,  and  2  atoms  of 
hydrogen  by  mercury  or  silver : 

CNCHHH Methyl  cyanide. 

CNC(NO,)Agt         .        .        .        Silver  fulminate. 

CNC(NO,)Hg"       .        .        .        Mercuric  fulminate. 

This  view  has  received  some  support  by  the  interesting  observation, 
lately  made  by  Kekull,  that  the  action  of  chlorine  upon  mercuric  fulminate 
gives  rise  to  the  formation  of  chloropicrin,  CCl,NO,  (p.  633),  a  substance 
originally  obtained  by  Stenhouse,  which  may  be  viewed  as  chloroform,  the 
hydrogen  of  which  is  replaced  by  NOr  The  connection  of  fulminic  acid 
with  the  methyl  series  is  thus  established. 

Fulminuric  Acid,  C8N,H,03.  —  This  acid,  isomeric  with  cyanuric  acid, 
was  discovered  simultaneously  by  Lie  big  and  by  Schiscbkoflf.  It  is  ob- 
tained by  the  action  of  a  soluble  chloride  upon  mercuric  fulminate.  On 
boiling  mercuric  fulminate  with  an  aqueous  solution  of  potassium  chloride, 
the  mercury-salt  gradually  dissolves,  and  the  clear  solution,  after  some 
time,  becomes  turbid,  in  consequence  of  a  separation  of  mercuric  oxide ; 
it  then  contains  potassium  fulminurate : 

8C.N,0gHg"  +  8KC1  +  OH,  =  4KC1  +  2HgClJ+  Hg"0  +  KJH&fkK, 
Mercuric  Potassium 

fulminate.  fulminurate. 

If,  instead  of  potassium  chloride,  sodium  or  ammonium  chloride  be  em- 
ployed, the  corresponding  sodium  and  ammonium-compounds  are  obtained. 
The  fulminurates  crystallise  with  great  facility  ;  they  are  not  explosive. 

Fulminuric  acid  has  the  same  composition  as  cyanuric  acid,  but  it  is 
monobasic,  whereas  cyanuric  acid  is  tribasio. 

Cyanogen  Chlorides. — Chlorine  forms  with  cyanogen,  or  its  elements, 
two  compounds,  which  are  polymeric,  and  correspond  to  cyanic  and  cyan- 
uric acids.  "Oaseotu  cyanogen  chloride,  CyCl,  is  formed  by  passing  chlorine 
gas  into  anhydrous  hydrocyanic  acid,  or  by  passing  chlorine  over  moist 
mercuric  cyanide  contained  in  a  tube  sheltered  from  the  light.  It  is  a  per- 
manent and  colorless  gas  at  the  temperature  of  the  air,  of  insupportable 
pungency,  and  soluble  to  a  very  considerable  extent  in  water,  alcohol,  and 

ether.     At 18°  C.  (0°  F.)  it  congeals  to  a  mass  of  colorless  crystals,  which 

at 15°  C.  (5°  F.)  melt  to  a  liquid  whose  boiling  point  is  — 11  6°  C.  (13° 

F.).  At  the  temperature  of  the  air  it  is  condensed  to  the  liquid  form  under 
a  pressure  of  four  atmospheres,  and  when  long  preserved  in  this  condition 
in  hermetically  sealed  tubes  gradually  passes  into  the  solid  modification. 

On  passing  gaseous  cyanogen  chloride  into  a  solution  of  ammonia  in 
anhvdrous  ether,  ammonium  chloride  is  deposited,  and  the  ether  contains 
cyanamide  CN-H-,  in  solution,  from  which  it  separates  on  evaporation  in 
the  crystalline  form.  Cya&ttgiajt  easily  soluble  in  water,  alcohol,  and 
ether;  it  melts  at  40°  C 'J"^^*K- 
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Solid  cyanogen  chloride,  CsNsC1g,  or  Cy8Cl8,  is  generated  when  anhydrous 
hydrocyanic  acid  is  put  into  a  vessel  of  chlorine  gas,  and  the  whole  exposed 
to  the  sun :  hydrochloric  acid  is  formed  at  the  same  time.  It  forms  long 
colorless  needles,  which  exhale  a  powerful  and  offensive  odor,  compared  by 
some  to  that  of  the  excrement  of  mice ;  it  melts  at  140°  C.  (284°  F.),  and 
sublimes  unchanged  at  a  higher  temperature.  When  heated  in  contact 
with  water,  it  is  decomposed  into  cyanurio  and  hydrochloric  acids.  It  dis- 
solves in  alcohol  and  ether  without  decomposition. 

Cyanogen  Bromide  and  Iodide  correspond  to  the  first  of  the  preceding 
compounds,  and  are  prepared  by  distilling  bromine  or  iodine  with  mercurio 
cyanide.     They  are  colorless,  volatile,  solid  substances,  of  powerful  odor. 

Cyanogen  Sulphide,  CgNJ9,  or  Cy,S,  recently  obtained  by  Linnemann 
by  the  action  of  cyanogen  iodide  upon  silver  sulphocyanate,  crystallizes 
in  transparent,  volatile,  rhombic  plates,  having  an  odor  similar  to  that  of 
cyanogen  iodide.  It  melts  at  60°,  but  decomposes  rapidly  at  a  higher  tem- 
perature ;  dissolves  in  ether,  alcohol  and  water,  and  separates  from  hot 
concentrated  solutions,  on  cooling,  in  the  crystalline  form. 

Bulphoeyanio  Acid,  CNHS.  —  This  acid  is  the  sulphur  analogue  of  cyanio 
acid,  and,  like  the  latter,  is  monobasic,  the  sulphocyanates  of  monad  metals 
being  represented  by  the  formula  CNSM. 

Potassium  sulphocyanate,  CNSK. — To  prepare  this  salt,  yellow  potassium 
ferrocyanide,  deprived  of  its  water  of  crystallization,  is  intimately  mixed 
with  half  its  weight  of  sulphur,  and  the  whole  heated  to  tranquil  fusion  in 
an  iron  pot,  and  kept  for  some  time  in  that  condition.  When  cold,  the 
melted  mass  is  boiled  with  water,  which  dissolves  out  a  mixture  of  potas- 
sium sulphocyanate  and  iron  sulphocyanate,  leaving  little  behind  but  the 
excess  of  sulphur.  This  solution,  which  becomes  red  on  exposure  to  the 
air,  from  oxidation  of  the  iron,  is  mixed  with  potassium  carbonate,  by 
which  the  iron  is  precipitated,  and  potassium  substituted :  an  excess  of 
the  carbonate  must  be,  as  far  as  possible,  avoided.  The  filtered  liquid  is 
concentrated,  by  evaporation  over  an  open  fire,  to  a  small  bulk,  and  left  to 
cool  and  crystallize.  The  crystals  are  drained,  purified  by  resolution,  if 
necessary,  or  dried  by  enclosing  them,  spread  on  filter-paper,  over  a  sur- 
face of  oil  of  vitriol  covered  with  a  bell-jar. 

The  reaction  between  the  sulphur  and  the  potassium  ferrocyanide  is 
represented  by  the  equation : 

K4Fe"C«N«        +        S«        =        4CNSK        +        (CNS)2Fe" 

Another,  and  even  better  process,  consists  in  gradually  heating  to  low 
redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried  potassium  fer- 
rocyanide, 32  of  sulphur,  and  17  of  pure  potassium  carbonate.  The  mass 
is  exhausted  with  water,  the  aqueous  solution  is  evaporated  to  dryness, 
and  the  residue  is  exhausted  with  alcohol.  The  alcoholic  liquid  deposits 
splendid  crystals  on  cooling  or  evaporation. 

Potassium  sulphocyanate  crystallizes  in  long,  slender,  colorless  prisms, 
or  plates,  which  are  anhydrous :  it  has  a  bitter  saline  taste,  and  is  desti- 
tute of  poisonous  properties:  it  is  very  soluble  in  water  and  alcohol,  and 
deliquesces  when  exposed  to  a  moist  atmosphere.  When  heated,  it  melts 
to  a  colorless  liquid,  at  a  temperature  far  below  that  of  ignition. 

When  chlorine  is  passed  into  a  strong  solution  of  potassium  sulphocya- 
nate, a  large  quantity  of  a  bulky,  deep  yellow,  insoluble  substance,  re- 
sembling some  varieties  of  lead  chromate,  is  produced,  together  with  potas- 
sium chloride ;  the  liquid  sometimes  assumes  a  deep-red  tint,  and  emits  a 
pungent  vapor,  probably  cyanogen  chloride.  The  yellow  matter  may  be 
collected  on  a  filter,  well  washed  with  boiliug  water,  and  dried :  it  retains 
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its  brilliancy  of  tint.  It  was  formerly  called  sulphocyanogen,  from  its  sap* 
posed  identity  with  the  radical  of  the  sulphocyanates ;  it  is,  however,  inva- 
riably found  to  contain  hydrogen,  and  is  represented  by  the  formula 
CjNjHS,.  The  yellow  substance,  now  generally  called  perstilphocyanogen,  is 
quite  insoluble  in  water,  alcohol,  and  ether:  it  dissolves  in  concentrated 
sulphuric  acid,  from  which  it  is  precipitated  by  dilution.  Caustic  potash 
also  dissolves  it,  with  decomposition ;  acids  throw  down  from  this  solution 
a  pale-yellow,  insoluble  body,  having  acid  properties.  When  heated  in 
the  dry  state,  it  evolves  sulphur  and  carbon  bisulphide,  and  leaves  a  pale, 
straw-yellow  substance,  called  hydromeUoney  CfN9Hr  the  decomposition 
being  represented  by  the  equation : 

8C,NtHS,        =        8CSf         +        8,        +        CfNtHr 

Hydrogen  Sulphocyanate,  or  Hydrosulphocyanic  Add,  CNSH,  is  obtained  by 
decomposing  lead  sulphocyanate,  suspended  in  water,  with  sulphuretted 
hydrogen.  The  filtered  solution  is  colorless,  very  acid,  and  not  poisonous ; 
it  is  easily  decomposed,  in  a  very  complex  manner,  by  ebullition,  and  by 
exposure  to  the  air.  By  neutralizing  the  liquid  with  ammonia,  and  evapo- 
rating very  gently  to  dryness,  ammonium  sulphocyanate,  CNSNH4,  is  obtained 
as  a  deliquescent,  saline  mass.  The  salt  may  be  conveniently  prepared  by 
digesting  hydrocyanic  acid  with  yellow  ammonium  sulphide  (containing 
excess  of  sulphur),  and  boiling  off  the  excess  of  the  latter:  2CNH  -f- 
(NH4),S  -f  8,  =  H J3  -f  2CNS(XHj ).  The  sulphocyanates  of  sodium,  barium, 
stron:tumt  calcium,  manganese,  and  iron,  are  colorless  and  very  soluble:  those 
of  lead  and  silver  are  white  and  insoluble.  A  soluble  sulphocyanate  mixed 
with  a  ferric  salt  gives  no  precipitate,  but  causes  the  liquid  to  assume  a 
deep  blood-red  tint:  hence  the  use  of  potassium  sulphocyanate  as  a  test 
for  iron  in  the  state  of  ferric  salt.  The  red  color  produced  by  sulphocya- 
nates in  ferric  solutions  is  exactly  like  that  caused  under  similar  circum- 
stances by  meconic  acid.  The  two  substances  may,  however,  be  readily 
distinguished  by  the  addition  of  a  solution  of  gold  chloride,  which  de- 
stroys the  color  produced  by  sulphocyanates.  The  ferric  meconate  may 
also  be  distinguished  from  the  sulphocyanide,  as  Everitt  has  shown,  by  an 
addition  of  corrosive  sublimate,  which  bleaches  the  sulphocyanate,  but 
has  little  effect  upon  the  meconate.  This  is  a  point  of  considerable  prac- 
tical importance,  as  in  medico-legal  inquiries,  in  which  evidence  of  the 
presence  of  opium  is  sought  for  in  complex  organic  mixtures,  the  detec- 
tion of  meconic  acid  is  usually  the  object  of  the  chemist :  and  since  traces 
of  alkaline  sulphocyanide  are  to  be  found  in  the  saliva,  it  becomes  very 
desirable  to  remove  that  source  of  error  and  ambiguity. 

The  great  facility  with  which  hydrocyanic  acid  may  be  converted  into 
ammonium  sulphocyanate  enables  us  to  ascertain  its  presence  by  the  iron 
test  just  described.  The  cyanide  to  be  examined  is  mixed  in  a  watch-glass 
with  some  hydrochloric  acid,  and  covered  with  another  watch-glass,  to 
which  a  few  drops  of  yellow  ammonium  sulphide  adhere.  On  heating  the 
mixture,  hydrocyanic  acid  is  disengaged,  which  combines  with  the  am- 
monium sulphide,  and  produces  ammonium  sulphocyanate  :  this,  after  ex- 
pulsion of  the  excess  of  sulphide,  yields  the  red  color  with  solution  of  ferric 
chloride. 

Sulphoctanic  Ethers.  —  These  ethers  exhibit  isomeric  modifications, 
probably  analogous  to  those  of  the  alcoholic  cyanides  and  isocyanides  (p. 
711).  The  normal  sulphocyanates  of  methyl  and  its  homologues  were  dis- 
covered by  Cahours;*  and  quite  recently  Hofmann  has  obtained  the  corre- 
sponding isosulphocyanates.f    The  same  chemist  some  years  ago  obtained 

▼iU.364. 

Bootetj,  xri.  254. 
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phenyl  isosulphocyanate.*    Allyl  isosulpbocyanate  has  long  been  known  as 
a  natural  product. 

Normal  Ethyl  Sulphocyanate,  G  |  nn  n  .  is  obtained  by  saturating  a  con- 
centrated solution  of  potassium  sulphocyanate  with  ethyl  chloride : 
C{£K        +        C.H.C1        =        KC1       +       c{NCjH|. 

also  by  distilling  a  mixture  of  calcium  ethylsulphate  and  potassium  sulpho- 
cyanate. It  is  a  mobile,  colorless,  strongly  refracting  liquid,  having  a  some- 
what pungent  odor,  like  that  of  mercaptan.  It  boils  at  146°  C.  (295°  F.)  With 
ammonia  it  does  not  combine  directly,  but  yields  products  of  decomposition. 
The  methyl  and  amyl  sulphocyanio  ethers  resemble  the  ethyl  compound, 
and  are  obtained  by  similar  processes.  The  methyl  ether  boils  at  about 
132°  C.  (270°  F.);  the  amyl  ether  at  197°  C.  (387°  F.). 

Ethyl  Isosulphocyanate,  N  i  L  w  f  is  produced  by  distilling  diethyl-sul- 
phocarbamide  with  phosphoric  oxide,  which  abstracts  ethylamine: 

..{jSKL    -    »{cHf>     =     «{$Z 

Diethyl-sulpho-  Ethylamine.  Ethyl  isosul- 

carbamide.  phocyanate. 

This  ether  differs  essentially  in  all  its  properties  from  ethyl  sulphocyan- 
ate. It  boils  at  134°  C.  (273°  F.),  and  has  a  powerfully  irritating  odor, 
like  that  of  mustard-oil,  and  quite  different  from  that  of  normal  ethyl-sul- 
phocyanate.  It  unites  directly  with  ammonia  in  alcoholic  solution,  forming 
ethylsulphocarbamide,  N2(CS)//(C,H5)Hr  and  forms  similar  compounds  with 
methylatnine  and  ethylamine.  The  pungent  odor  and  the  direct  combina- 
tion with  ammonia  and  amines,  are  characteristic  of  all  the  ethers  of  this 
group. 

Phenyl  Isosulphocyanate,  N(CS)"(CtH5),  is  obtained  by  distilling  phenyl- 
siilphocarbamide,  N,(CS)//(C6H6)HJ,  with  phosphoric  oxide:  naphthyl  iso- 
sulphocyanate, N(CS}//(C10HT),  in  like  manner  from,  dinaphthylsulpho- 
carbamide.     The  former  boils  at  220°  C.  (428°  F.). 

AUyl  Isosulphocyanate,  NJ  k  J    .  —  This  is  the  intensely  pungent  volatile 

oil  obtained  by  distilling  the  seeds  of  black  mustard  with  water.  It  docs 
not  exist  ready  formed  in  the  seeds,  but  is  produced  by  the  decomposition 
of  myronic  acid  under  the  influence  of  myrosin,  an  albuminous  substance 
analogous  to  the  synaptase  of  bitter  almonds  (see  p.  679).  The  same 
compound,  or  perhaps  its  isomer,  normal  ethylsulphocyanate,  is  produced 
by  the  action  of  potassium  sulphocyanate  or  silver  sulphocyanate,  on  ally  I 
iodide  or  allyl  oxide.  Oil  of  mustard  is  a  transparent,  colorless,  strongly 
refracting  oil,  possessing  in  the  highest  degree  the  sharp  penetrating  odor 
of  black  mustard.  The  smallest  quantity  of  the  vapor  excites  tears,  and  is 
apt  to  produce  inflammation  of  the  eyes.  It  has  a  burning  taste,  and  rapidly 
blisters  the  skin.  Its  specific  gravity  is  1-009  at  15°.  It  boils  at  148°  C. 
(298°  F.).  It  is  sparingly  soluble-  in  water,  easily  soluble  in  alcohol  and 
ether;  dissolves  sulphur  and  phosphorus  when  heated,  and  deposits  them 
in  the  crystalline  state,  on  cooling.  It  is  violently  oxidized  by  nitric  and 
by  nitromuriatic  acids.  Heated  in  a  sealed  tube  with  potassium  monosui- 
phide,  it  yields  potassium  sulphocyanate  and  allyl  sulphide  (volatile  oil  of 
garlic,  p.  646) : 

2NCS(CfHf)        +        K,S        ==        2CNSK        +        (C,H5),S. 
•  FroeNtttDgt  of  the  Boval  Society,  ix.  274, 487. 
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It  likewise  yields  garlic  oil  when  decomposed  by  potassium.  Heated  to 
120°  in  a  sealed  tube  with  pulverized  soda-lime,  it  yields  sodium  sulpho- 
cyanate  and  allyl  oxide,  the  oxidized  constituent  of  garlic  oil : 

2NCS(CtH6)        +      Na,0        =        2CNSNa      +         (C,H5),0. 

Aqueous  potash,  soda,  baryta,  and  the  oxides  of  lead,  silver,  and  mercury, 
in  presence  of  water,  convert  oil  of  mustard  into  rinapolme,  CjH^N/),  with 
formation  of  metallic  sulphide  and  carbonate;  thus: 

2NCS(C8H§)    +    3PbO    +    OH,   =    2PbS    +    COtPb    +    CTHlfN,0. 

8inapoline  is  a  basic  substance,  which  crystallizes  in  colorless  plates, 
soluble  in  water  and  alcohol,  and  having  a  distinct  alkaline  reaction. 

Oil  of  mustard  unites  readily  with  ammonia,  forming  tkiorinamme,  C4HS 

f(CS) 
NS.  NHS,  or  allyl-tulphocarbamidc,  N,«{  C,H5,  which  is  also  a  basic  com- 


f(CS) 
NJ  C,Hs. 


pound,  forming  colorless  prismatic  crystals,  having  a  bitter  taste  and  solu- 
ble in  water.  The  solution  does  not  affect  test-paper.  Thiosinamine  melts 
when  heated,  but  cannot  be  sublimed.  Acids  combine  with  it,  but  do  not 
form  crystallizable  salts:  the  double  salts  of  the  hydrochloride  with  pla- 
tinic  and  mercuric  chloride  are  the  most  definite. 

Thiosinamine  is  decomposed  by  metallic  oxides,  as  lead  oxide  or  mercuric 
oxide,  with  production  of  a  metallic  sulphide  and  rinamine,  C4HfNr  a  basic 
compound  which  crystallises  very  slowly  from  a  concentrated  aqueous  so- 
lution in  brilliant,  colorless  crystals  containing  water.  It  has  a  powerfully 
bitter  taste,  is  strongly  alkaline  to  test-paper,  and  decomposes  ammonium 
salts  at  the  boiling  heat.  Its  oxalate  is  crystallizable.  The  formation  of 
sin  amine  from  thiosinamine  by  the  action  of  mercuric  oxide  is  represented 
by  the  equation  C4H8N,S  +  HgO  =  Hg8  +  OH,  +  C4HtNr 

Beleniocyanatet. — A  series  of  salts  containing  selenium,  and  correspond- 
ing in  composition  and  properties  with  the  sulphocyanateB,  have  been  dis- 
covered and  examined  by  Mr.  Crookes.* 

Kelam.  —  This  name  is  given  by  Liebig  to  a  buff-colored,  insoluble, 
amorphous  substance,  obtained  by  the  distillation  of  ammonium  sulphocy- 
anate  at  a  high  temperature.  It  may  be  prepared  in  large  quantity  by  in- 
timately mixing  1  part  of  perfectly  dry  potassium  sulphocyanate  with  2 
parts  of  powdered  sal-ammoniac,  and  heating  the  mixture  for  some  time  in 
a  retort  or  flask:  carbon  bisulphide,  ammonium  sulphide,  and  sulphuretted 
hydrogen,  are  disengaged  and  volatilized,  while  a  mixture  of  melam,  potas- 
sium chloride,  and  sal-ammoniac  remains:  the  two  latter  substances  are 
removed  by  washing  with  hot  water.  Melam  contains  C4H^„ :  it  dissolves 
in  concentrated  sulphuric  acid,  and  gives,  by  dilution  with  water  and  long 
boiling,  cyanuric  acid.  The  same  substance  is  produced,  with  disengage- 
ment of  ammonia,  when  melam  is  fused  with  potassium  hydrate.  When 
strongly  heated,  melam  is  resolved  into  mellone  and  ammonia. 

If  melam  be  boiled  for  a  long  time  in  a  moderately  strong  solution  of 
caustic  potash,  until  the  whole  has  dissolved,  and  the  liquid  be  then  con- 
centrated, a  crystalline  substance  separates  on  cooling,  which  is  called 
melamme.  By  re-crystallization  it  is  obtained  in  colorless  crystals,  having 
the  figure  of  an  octohedron  with  rhombic  base:  it  is  but  slightly  soluble  in 
cold  water,  fusible  by  heat.  Melamine  is  also  formed  on  heating  cyana- 
ni ide  to  150°  C.  (302°  F.),  and  even  on  evaporating  an  aqueous  solution  of 
that  substance.  It  contains  C,HtNr  and  acts  as  a  base,  combining  with 
acids  to  form  crystallizable  compounds.     A  second  basic  substance,  called 

1  Society,  Iv.U 
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arnmdbu,  very  similar  in  properties  to  melamine,  is  found  in  the  alkaline 
mother-liquor  from  which  the  melamine  has  separated :  it  is  thrown  down  on 
neutralizing  the  liquid  with  acetic  acid.  The  precipitate,  dissolved  in  di- 
lute nitric  acid,  yields  crystals  of  ammeline  nitrate,  from  which  the  pure 
ammeline  may  be  separated  by  ammonia.  It  forms  a  brilliant  white  pow- 
der composed  of  minute  needles,  insoluble  in  water  and  alcohol,  and  con- 
tains C9EfsN60.  When  ammeline  is  dissolved  in  concentrated  sulphuric 
acid,  and  the  solution  mixed  with  a  large  quantity  of  water,  or,  better, 
spirit  of  wine,  a  white,  insoluble  powder  falls,  which  is  called  ammelide,  and 
is  found  to  contain  CsHgN908. 

By  the  action  of  acids  or  alkalies,  melamine  may  be  converted  into  amme- 
line, ammelide,  and,  lastly,  into  oyanurio  acid,  water  being  assimilated 
and  ammonia  evolved : 


<Wfs 
Melamine. 

+ 

Efi 

=       <VW>       + 
Ammeline. 

NH8 

2C,H6N60 
Ammeline. 

+ 

H,0 

=        C,H,N,0,      + 
Ammelide. 

NH, 

C.H.NA 

Ammelide. 

+ 

8H,0 

-      2C,H,N,0,       + 
Cyanuric  aoid. 

8NHt 

Xellone  and  its  Compounds.  —  The  formation  of  mellone  as  a  residuary 
product  of  the  action  of  heat  on  persulphocyanogen,  and  upon  melam,  has 
been  already  mentioned.  This  substance,  which  does  not  appear  to  have 
been  obtained  in  a  state  of  purity,  possesses  the  properties  of  an  organio 
radical.  At  a  high  temperature  it  combines  directly  with  potassium,  pro- 
ducing a  well-defined  saline  compound,  tripotassic  mellonide,  C^H^R,,  and 
the  same  salt  is  produced  in  the  action  of  mellone  upon  potassium  oromide 
and  iodide,  bromine  and  iodine  being  liberated.  A  better  method  of  pre- 
paring it  consists  in  fusing  crude  mellone  with  potassium  sulphocyanate. 
It  may  also  be  produced  by  fusing  the  ferrocyanide  with  half  it*  weight  of 
sulphur.  The  fused  mass  obtained  by  either  process  is  dissolved  in  boiling 
water,  from  which  the  tri-potassic  mellonide  crystallites  on  cooling,  and 
may  be  purified  by  repeated  crystallization.  Acetic  acid  converts  this  salt 
into  dipotassio  mellonide,  CgHgKjH,  which  is  also  soluble.  Hydrochloric 
acid  produces  the  monopotassic  salt,  C,N,sKHr  which  is  insoluble.  These 
three  salts  stand  to  each  other  in  the  same  relation  as  the  several  salts  of 
phosphoric  and  cyanuric  acids.  Tripotassic  mellonide  produces  with  solu- 
ble silver-sal  to  a  white  precipitate,  CtNuAg, ;  with  lead-salts  and  mercury- 
salts,  precipitates  containing  respectively  CnN_Pb,,  and  CltN„Hgs.  The 
latter  dissolved  in  hydrocyanic  acid,  and  treated  with  sulphuretted  hydro- 
gen, yields  hydromeilonio  acid,  C9NI8H,.  It  is  known  only  in  solution, 
which  has  an  acid  taste :  on  evaporation  it  is  decomposed. 


UREA,  — URIC  ACID  AND  ITS  PRODUCTS. 

These  bodies  are  closely  connected  with  the  cyanogen-compounds,  and 
may  be  most  conveniently  discussed  in  the  present  place. 

Urea,  CN,H40. — Urea  maybe  extracted  from  its  natural  source,  the 
urine,  or  it  may  be  prepared  by  artificial  means.  Fresh  urine  is  concen- 
trated in  a  water-bath,  until  reduced  to  an  eighth  or  a  tenth  of  its  original 
volume,  and  filtered  through  cloth  from  the  insoluble  deposits  of  urates 
and  phosphates.  The  liquid  is  mixed  with  about  an  equal  quantity  of  a 
Strong  solution  of  oxalic  acid  in  hot  water,  and  the  whole  vigorously  agi- 
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tated  and  left  to  cool.  A  very  copious  fawn-colored  crystalline  precipitate 
of  urea  oxalate  is  obtained,  which  may  be  placed  upon  a  cloth  filter,  slightly 
washed  with  cold  water,  and  pressed.  This  is  to  be  dissolved  in  boiling 
water,  and  powdered  ohalk  added  until  effervescence  ceases,  and  the  liquid 
becomes  neutral.  The  solution  of  urea  is  filtered  from  the  insoluble  cal- 
cium oxalate,  warmed  with  a  little  animal  charcoal,  again  filtered,  and  con- 
centrated by  evaporation,  avoiding  ebullition,  until  crystals  form  on  cool- 
ing: these  are  purified  by  a  repetition  of  the  last  part  of  the  process. 
Urea  may  be  extracted  in  great  abundance  from  the  urine  of  horses  and 
cattle  duly  concentrated,  and  from  which  the  hippuric  acid  has  been  sepa- 
rated by  addition  of  hydrochloric  acid ;  oxalic  acid  then  throws  down  the 
oxalate  in  such  quantity  as  to  render  the  whole  semi-solid.  Another  pro- 
cess consists  in  precipitating  the  evaporated  urine  with  concentrated  nitrie 
acid,  when  urea  nitrate  is  precipitated,  which  is  purified  by  re-crystalliza- 
tion with  animal  charcoal,  and,  lastly,  decomposed  by  barium  carbonate, 
whereby  a  mixture  of  barium  nitrate  and  urea  is  formed,  which  is  to  be 
evaporated  to  dryness  on  the  water-bath,  and  exhausted  with  hot  alcohol; 
the  urea  then  crystallises  on  cooling. 

Urea  is  produced  artificially  by  heating  a  solution  of  ammonium  cya- 
nate.  The  following  method  of  proceeding  yields  it  in  any  quantity  that 
can  be  desired.  Potassium  cyanate,  prepared  by  Liebig's  process  (p.  713), 
is  dissolved  in  a  small  quantity  of  water,  and  a  quantity  of  dry  neutral 
ammonium  sulphate,  equal  in  weight  to  the  cyanate,  is  added.  The  whole 
is  evaporated  to  dryness  in  a  water-bath,  and  the  dry  residue  boiled  with 
strong  alcohol,  which  dissolves  out  the  urea,  leaving  the  potassium  sul- 
phate and  the  excess  of  ammonium  sulphate  untouched.  The  filtered  solu- 
tion, concentrated  by  distilling  off  a  portion  of  the  spirit,  deposits  the 
urea  in  beautiful  crystals  of  considerable  site. 

Urea  forms  transparent,  colorless,  four-sided  prisms,  which  are  anhy- 
drous, soluble  in  an  equal  weight  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  high  temperature.  It  is  also  readily  dissolved  by  alcohol 
It  is  inodorous,  has  a  cooling  saline  taste,  and  is  permanent  in  the  air, 
unless  the  latter  be  very  damp.  When  heated  it  melts,  and  at  a  higher 
temperature  decomposes,  with  evolution  of  ammonia  and  ammonium  cya- 
nate ;  cyanurio  acid  remains,  which  bears  a  much  greater  heat  without 
change.  The  solution  of  urea  is  neutral  to  test-paper :  it  is  not  decom- 
posed in  the  oold  by  alkalies  or  by  calcium  hydrate,  but  at  a  boiling  heat 
emits  ammonia,  and  forms  a  metallic  carbonate.  The  same  change  hap- 
pens by  fusion  with  the  alkaline  hydrates,  and  when  urea  is  heated  with 
water,  in  a  sealed  tube,  to  a  temperature  above  100° : 

COH4N,  +  HfO  =  CO,  +  2NH,. 
Urea  contains,  in  fact,  the  elements  of  ammonium  carbonate  minus  the  ele- 
ments of  water:  CO,(NH4)8  —  2H,0,  and  has  accordingly  been  supposed 
to  be  identical  with  carbamide.  Recent  experiments  have  shown,  however, 
that  it  is  isomeric,  not  identical  with  that  compound,  inasmuch  as,  when 
heated  with  a  large  excess  of  potassium  permanganate  in  presence  of  much 
free  alkali,  it  gives  off  all  its  nitrogen  in  the  free  state  as  gas,  whereta 
when  amides  and  ammonium-salts  are  thus  treated,  the  whole  of  the  nitro- 
gen is  oxidised  to  nitric  acid.*  The  difference  of  constitution  between  the 
three  isomeric  compounds — ammonium  cyanate,  urea,  and  carbamide  — 
may  perhaps  be  represented  by  the  following  formulas : 

rw///  f(NH)"  (NH, 

C{0NH4  C{NH.  c{nH. 

Ammonium  cyanate.  Urea.  Carbamide. 

•  |T<«a4paj^MM^a«sa>isa  Journal  [S],  vi.  SB. 
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A  solution  of  pure  area  shows  no  tendency  to  change  by  keeping,  and  is 
not  decomposed  by  boiling ;  in  the  urine,  on  the  other  hand,  where  it  is 
associated  with  pntrefiable  organio  matter,  as  mucus,  the  case  is  different. 
In  putrid  urine  no  urea  can  be  found,  but  enough  ammonium  carbonate  to 
cause  brisk  efferrescenoe  with  an  acid;  and  if  urine,  in  a  recent  state, 
be  long  boiled,  it  gives  off  ammonia  and  carbonic  acid  from  the  same 
source. 

Urea  is  instantly  decomposed  by  nitrous  acid  into  carbon  dioxide,  nitro- 
gen, and  water :  COH4N,  +  2NO,H  =  CO,  +  2Nf  -f-  3H,0;  this  decompo- 
sition explains  the  use  of  urea  in  preparing  nitric  ether  (p.  626).  When 
chlorine  go*  is  passed  over  melted  urea,  hydrochloric  acid  and  nitrogen  are 
evolved,  and  there  remains  a  mixture  of  sal-ammoniac  and  cyanurio  acid : 

6COH4Nt  +   3C1,  =  2C,H8N,Of  +  4NH4C1  +  2HC1  +   Nf; 

but  by  chlorine  in  presence  of  water,  or  by  hypocklorous  acid,  it  is  resolved 
into  hydrochloric  acid,  carbon  dioxide,  water,  and  nitrogen : 

COH4N,    +    8C1H0    =    8HC1    +    CO,    +    2H,0    +    Nr 

Urea  acts  as  a  base:  with  nitric  acid  it  forms  a  sparingly  soluble  com- 
pound, which  crystalliies,  when  pure,  in  small,  indistinct,  colorless  plates, 
containing  COH4N, .  N08H.  When  colorless  nitric  acid  is  added  to  urine 
concentrated  to  a  fourth  or  a  sixth  of  its  volume,  and  cold,  the  nitrate 
crystallizes  out  in  large,  brilliant,  yellow  laminae,  which  are  very  insoluble 
in  the  acid  liquid.  The  production  of  this  nitrate  is  highly  characteristic 
of  urea.  The  oxalate,  (COH4N2),.  C,H,04,  when  pure,  crystallizes  in  large, 
transparent,  colorless  plates,  which  nave  an  acid  reaction,  and  are  spar- 
ingly soluble.  Urea  forms  several  compounds  with  metallic  salts,  e.  g.f 
with  those  of  mercury.  On  mixing  a  liquid  containing  urea  with  a  solution 
of  mercuric  nitrate,  a  white  precipitate  is  formed,  consisting  of  COH4N. .  2HgO. 
If  the  nitric  acid  which  is  thus  set  free  be  neutralized  by  the  addition  of  an 
alkali  or  baryta- water,  the  whole  of  the  urea  is  removed  from  the  liquid 
in  the  form  of  the  above  compound.  Liebig  has  based  upon  this  reaction 
a  process  of  determining  the  amount  of  urea  in  urine :  2  volumes  of  urine 
are  mixed  with  1  volume  of  a  baryta-solution  prepared  with  2  volumes 
baryta- water  saturated  in  the  cold,  and  1  volume  of  a  solution  of  barium- 
nitrate  also  saturated  in  the  cold ;  the  liquid  is  filtered  from  the  precipi- 
tated sulphate  and  phosphate  of  barium ;  and  a  graduated  solution  of  mer- 
curic nitrate  is  added  to  a  measured  quantity  of  this  filtered  liquid  (about 
15  c.e.)  till  a  sample  taken  out  gives  a  yellow  precipitate  with  sodium  car- 
bonate. It  is  convenient  to  dilute  the  mercuric  solution  to  such  a  degree 
that  1  cubic  centimetre  of  it  shall  correspond  to  0-01  grm.  of  urea.* 

A  series  of  substances  analogous  to  urea,  which  are  known  under  the 
names  of  methyl-urea,  ethyl-urea,  biethyl-urea,  &c,  will  be  noticed  in  the 
section  on  Organic  Bases. 

Urie  Acid,  C6N4H4Os;  formerly  called  Lithic  acid,  —  This  acid  is  a  product 
of  the  animal  organism,  and  has  never  been  formed  by  artificial  means.  It 
may  be  prepared  from  human  urine  by  concentration  and  addition  of  hy- 
drochloric acid,  and  crystallizes  out  after  some  time  in  the  form  of  small, 
reddish,  translucent  grains,  very  difficult  to  purify.  A  much  preferable 
method  is,  to  employ  the  solid  white  excrement  of  serpents,  which  can 
be  easily  procured:  this  consists  almost  entirely  of  uric  acid  and  ammo- 
nium urate.  It  is  reduced  to  powder,  and  boiled  in  dilute  solution  of  caus- 
tic potash:  the  liquid,  filtered  from  the  insignificant  residue  of  feculent 

*  Respecting  certain  precaution*  to  be  observed  in  performing  thia  process,  see  the  article 
"  Urine,"  by  Dr.  Michael  Foster,  in  Watta's  Dictionary  of  Chemistry. 
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Blatter  and  earthy  phosphates,  is  mixed  with  excess  of  hydrochloric  acid, 
boiled  for  a  few  minutes,  and  left  to  cool.  The  product  is  collected  on  a 
filter,  washed  until  free  from  potassium  chloride,  and  dried  by  gentle 
heat. 

Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder,  taste- 
less, inodorous,  and  very  sparingly  soluble.  It  is  seen  under  the  micro- 
scope to  consist  of  minute,  but  regular  crystals.  It  dissolves  in  concen- 
trated sulphuric  acid  without  apparent  decomposition,  and  is  precipitated 
by  dilution  with  water.  By  destructive  distillation,  uric  acid  yields  cyanic 
acid,  hydrocyanic  acid,  carbon  dioxide,  ammonium  carbonate,  and  a  black 
coaly  residue,  rich  in  nitrogen.  By  fusion  with  potassium  hydrate,  it  yields 
potassium  carbonate,  cyanate,  and  cyanide.  When  treated  with  nitric  acid 
and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manner  to  be  pres- 
ently described. 

Uric  acid  is  bibasic :  its  most  important  salts  are  those  of  the  alkali- 
metals.  Acid  potassium  urate,  C§N4H,KOr  is  deposited  from  a  hot  saturated 
solution  of  uric  acid  in  the  dilute  alkali,  as  a  white,  sparingly  soluble,  con- 
crete mass,  composed  of  minute  needles:  it  requires  about  500  parts  of 
cold  water  for  solution,  is  rather  more  soluble  at  a  high  temperature,  and 
much  more  soluble  in  excess  of  alkali.  Sodium  urate  resembles  the  potas- 
sium-salt :  it  forms  the  chief  constituent  of  the  gouty  concretions  in  the 
joints  called  chalk-stone*.  Ammonium  urate  is  also  a  sparingly  soluble  com- 
pound, requiring  for  solution  about  1000  parte  of  oold  water:  the  solubility 
is  very  much  increased  by  the  presence  of  a  small  quantity  of  certain 
salts,  as  sodium  chloride.  The  most  common  of  the  urinary  deposits, 
forming  a  buff-colored  or  pinkish  cloud  or  muddiness,  which  disappears 
by  re-solution  when  the  urine  is  warmed,  consists  of  a  mixture  of  different 
urates. 

Uric  acid  is  perfectly  well  characterised,  even  when  in  very  small  quan- 
tity, by  its  behavior  with  nitric  acid.  A  small  portion  mixed  with  a  drop 
or  two  of  nitric  acid  in  a  small  porcelain  capsule  dissolves  with  copious 
effervescence.  When  this  solution  is  cautiously  evaporated  nearly  to  dry- 
ness, and,  after  the  addition  of  a  little  water,  mixed  with  a  slight  exeess 
of  ammonia,  a  deep-red  tint  of  murexide  is  immediately  produced. 

Impure  urio  acid,  in  a  remarkable  state  of  decomposition,  is  now  im- 
ported into  this  country,  in  large  quantities,  for  use  as  a  manure,  under 
the  name  of  guano  or  huano.  It  comes  chiefly  from  the  barren  and  unin- 
habited islets  of  the  western  coast  of  South  America,  and  is  the  production 
of  the  countless  birds  that  dwell  undisturbed  in  those  regions.  The  people 
of  Peru  have  used  it  for  ages.  Guano  usually  appears  as  a  pale-brown 
powder,  sometimes  with  whitish  specks :  it  has  an  extremely  offensive  odor, 
the  strength  of  whioh,  however,  varies  very  much.  It  is  soluble  in  great 
part  in  water,  and  the  solution  is  found  to  be  extremely  rich  in  oxalate  of 
ammonia,  the  acid  having  been  generated  by  a  process  of  oxidation.  Guano 
also  contains  a  peculiar  substanoe  called  guanine,  whioh  will  be  described 
further  on. 

Product*  formed  from  Uric  Acid  by  Oxidation,  £c 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by  oxi- 
dising agents,  and  the  great  number  of  definite  and  crystallizable  compounds 
obtained  in  this  manner,  or  by  treating  the  immediate  products  of  oxida- 
tion with  acids,  alkalies,  reducing  agents,  &o.  The  following  is  a  list  of 
most  of  the  compounds  thus  produced ;  — 
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Uric  acid  .  C^HjOj.H,*  Thionuric  acid 

Pseudo-uric  acid  .  Cft>T,H§04  .  H  Hydurilic  acid 

Uroxanic  acid  .  C6N\HBOt.H,  Allantoin 

Alloxan         .  .  t\N3M304  Glycoluril      . 

AUoxanic  acid  .  r4N^Ka05.Hr  Mycomelic  acid 

Alloxantin   .  .  C#N4!I407. 3Aq.  Oxaluric  acid 

Barbituric  acid  .  C4N  JLO, .  H,  Allanturio  acid 

Bromobarbi- 1  n  v  n  u»n     w  Hydantoin 

turicacid     f  '  ^VV"**'11  Hydantoic  acid 

Dibromobar-  \  p  v  H  n    n  Allituric  acid 

bkuric  acid  /  "  ^•I,iniIW*'s  Leucoturic  acid 

Violuric  acid  .  C4N8Hg04 .  H  Parabauic  acid 

Dilituric  acid  .  C4NtH,05 .  H  Dibarbituric  acid 

Violantin     .  .  0^11,0,  Murexide       .         .     IV^'V1*" 

Dialuric  acid  .  C4N,H,04 .  H  Mesoxalic  aoid       .     C/Jj .  II.. 

Uramil  .  C4NtH50, 

When  uric  acid  is  subjected  to  the  action  of  an  oxidiiing  agent  in  pres- 
ence of  water,  it  gives  up  two  of  its  hydrogen-atoms  to  the  oxidiiing  agent, 
while  the  dehydrogenized  residue  (which  may  he  called  dehyduric  acid)  re- 
acts with  water  to  form  mesoxalic  acid  and  urea: 


H 
H 
H 


,11,0. 


Dehydurio 
acid. 


+      4H,0      = 


+ 


2CN,H40 
Urea. 


C,H,0, 

Mesoxalio 
acid. 

The  separation  of  the  urea  generally  takes  place,  however,  by  two  stages, 
the  first  portion  being  removed  more  easily  than  the  second ;  thus,  when 
dilute  nitric  acid  acts  upon  uric  acid,  alloxan  is  produced ;  and  this,  when 
heated  with  baryta-water,  is  further  resolved  into  mesoxalic  aoid  and  urea : 

+      2Ha0      =r      C4NtH,04      + 


C6N4H,08 

Dehydurio 

acid. 


C«N,H,04      + 

Alloxan. 


C4N,H,04 

Alloxan. 


CN,H40 
Urea. 


2H,0 


C,H?06        +      CN,H40 
Mesoxalic  acid.  Urea. 


Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and  am- 
monia by  the  action  of  the  acids  or  alkalies  present.  Alloxan  is  a  monu- 
reitU  of  mesoralic  acid — that  is  to  say,  it  is  a  compound  of  that  acid  with  one 
molecule  of  urea  minus  2H20;  and  the  hypothetical  dehyduric  acid  is  the 
diureidt  of  the  same  acid,  derived  from  it  by  addition  of  1  molecule  of  urea 
and  subtraction  of  4  molecules  of  water.  Now,  by  hydrogenizing  mesoxalio 
acid,  we  obtain  tartronic  acid,  CtH405  (p.  668) ;  and  by  hydrogenizing  al- 
loxan, we  obtain  dialuric  acid,  which  two  bodies,  accordingly,  bear  to  urio 
acid  the  same  relation  that  mesoxalio  acid  and  urea  bear  to  dehyduric  acid ; 
thus: 


Mesoxalio 
acid. 

C,H40, 

Tartronio 

acid. 


<VW4 

Alloxan. 


W,o( 

Dialuric 
acid. 


C6N4H,0, 

Dehyduric 

acid. 

C6N4H40,; 
Uric  acid. 


and  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalio  acid  and  al- 
loxan, so  should  actual  uric  acid  yield  tartronic  and  dialuric  acids.  These 
bodies,  however,  have  not  been  obtained  by  the  direct  breaking  up  of  urio 

•  The  ha*icity  of  the  soreral  acids  in  this  tabic  is  indicated  by  the  number  of  hydrogen-atoms 
to  the  right  of  the  point. 
61* 
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acid,  bat  only  by  rehydrogenising  the  mesoxalio  acid  and  alloxan  which, 
result  from  the  breaking  up  of  its  dehydrogenised  product.  Provisionally, 
however,  dialurio  and  uric  acids  may  be  regarded  as  tartron-ureide  and 
tartron-diureide  respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well-defined  classes 
of  compounds,  to  one  or  other  of  which  an  immense  number  of  uric  acid 
produots  may  be  referred.  First,  there  is  the  class  of  simple  non-nitro- 
genous acids,  or  an-ureida,  like  tartronio  and  mesoxalic  acid ;  secondly, 
there  is  a  class  of  bodies  containing  a  residue  of  the  acid  plus  one  residue 
of  urea — these  are  the  mon-ureidt*,  such  as  dialuric  acid  and  alloxan;  and, 
lastly,  the  class  of  bodies  containing  a  residue  of  the  acid  plus  two  residues 
of  urea,  or  the  cH-ureides,  such  as  uric  acid  itself. 

Mesoxalic  acid,  the  most  complex  non-nitrogenous  product  obtainable 
directly  from  uric  acid,  constitutes  the  third  term  in  the  following  series  : 

CH,Of  <V*i04  CjHjNp 

Carbonic  Oxalic  Mesoxauo. 

each  of  which  contains  1  atom  of  carbon  monoxide,  CO,  more  than  the  pre- 
ceding. Now,  when  mesoxalic  acid  is  acted  upon  by  nascent  oxygen,  its 
excess  of  carbon  monoxide  is  removed  in  the  form  of  carbon  dioxide,  and 
it  is  thus  converted  into  oxalio  aoid : 

c»Hi°»        +        0        —        CO,        +        C,H,04. 

Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that 
which  suffices  to  produce  mesoxalic  acid,  we  obtain  oxalic  acid,  which  may 
occur  either  in  its  simple  anureide  state,  or  conjugated  with  1  molecule  of 
urea  to  form  a  monureide,  such  as  parabanic  acid;  or  with  2  molecules  of 
urea  to  form  a  diureide,  such  as  mycomclic  acid,  a  body  related  to  oxalic 
acid  just  as  uric  acid  is  related  to  mesoxalic  acid. 

In  like  manner,  when  uric  acid  is  subjected  to  a  still  more  powerful  oxi- 
dation than  suffices  to  produce  oxalic  acid,  we  obtain  carbonic  acid,  which, 
like  oxalic  and  mesoxalic  acids,  is  also  capable  of  giving  rise  to  ureides. 
No  ureide  of  carbonio  acid  has,  indeed,  yet  been  formed  directly  from  uric 
acid,  the  active  treatment  required  to  effect  the  complete  oxidation  of  the 
uric  aoid  producing  also  a  separation  from  one  another  of  the  resulting 
carbonic  aoid  and  urea,  which,  however,  may  be  obtained  in  combination 
by  other  means.  AUophank  acid,  for  instance,  the  ethylio  ether  of  which 
is  obtained  by  passing  the  vapor  of  cyanic  acid  into  absolute  alcohol,  is  a 
monureide  of  carbonio  acid ;  but  no  diureide  of  this  acid  appears  to  have 
been  yet  produced. 

Alloxan,  the  monureide  of  mesoxalic  acid  above  mentioned,  is  formed 
from  mesoxalate  of  urea  by  elimination  of  two  molecules  of  water;  but 
there  is  another  monureide,  namely,  alloxanic  add,  which  differs  from  the 
original  salt  by  only  one  molecule  of  water.  Similarly,  oxalic  acid  forms 
two  monureides  —  namely,  parabanic  acid  or paraban,  analogous  to  alloxan; 
and  ozaluric  acia\  analogous  to  alloxanic  acid.  Carbonic  acid,  however, 
forms  but  a  single  ureide,  which  is  produced  by  the  elimination  of  only 
one  molecule  of  water,  and  accordingly  belongs  to  the  same  serieB  as  the 
oxalurio  and  alloxanic  acids ;  thus : 


Acids.  Ureida. 

CH.O„  Carbonic.  C,N,H4Os,  Allophanio 

„  „    *    ,.     v  f  C.N. H404,  Oxaluric. 

C^O*  Oxalio.  {  C'N,H  A,  Paraban. 

~  ~  *    w  ii^  /  C4N-H.O.,  Alloxanic. 

C.H.O,  Mesoxalic.  {  C>Xo"  Alloxan. 
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Similarly,  among  the  diureides,  some  are  formed  from  the  corresponding 
monureides  by  elimination  of  one  molecule,  and  others  by  elimination  of 
two  molecules  of  water. 

Meeoxalic  acid,  as  already  observed,  is  convertible,  by  deoxidation  or 
hydrogenation,  into  tartronio  acid,  and  by  pushing  the  deoxidation  a  stage 
farther,  malome  add  (p.  661 )  is  obtained,  both  of  which  acids  are  capable 
of  forming  monureiaes  and  diureides;  and,  in  a  similar  manner,  oxalic 
and  carbonic  acids  furnish  a  variety  of  similar  deoxidation-products. 

Of  the  numerous  compounds  belonging  to  the  uric  acid  group  thus  pro- 
duced, the  most  important  are  included  in  the  following  table,*  which  is 
divided  perpendicularly  into  three  columns  of  an-ureides,  mon-ureides,  and 
di-ureides,  and  horizontally  into  three  layers  of  .carbonic,  oxalic,  and  mes- 
oxalic  products.  The  compounds  connected  by  dotted  lines  differ  in  com- 
position from  one  another  by  an  excess  or  deficit  of  one  molecule  of  urea 
minus  one  molecule  of  water,  while  those  standing  on  the  same  level  in 
the  adjoining  columns,  and  unconnected  by  dotted  lines,  differ  from  one 
another  by  an  excess  or  deficit  of  one  molecule  of  area  minus  two  mole- 
cules of  water. 


An-urade*. 
CH,Or  Carbonic. 


Mon-ureide$. 
..CJXtHfir  AUophanio. 


Di-ureides. 


/CtN1H1Or  Aoeturea. 
y/C.N,HsOr  Glycolurio.    /CJX4Rfl9  Glycoluril. 
//  /c^Hfi^  Allantoic 

CtH4Or  Acetic.'/  // 

C^H/V  Glycollic.    ^CJSJR409  Hydantoto.  / 

CjH^  Glyoxylic/.CtNJH40,, Lantanuric.      C4N4H40„  Mycomelic. 

/  CjNjH^,  Oxaluric. 
C,H,0,,  Glyoxalic//' 
C,H,04,  Oxalic,  y^     CjNjHjO,,  Farabanic. 


C8rT404,  Malonic. 
CjH^j,  Tartronio. 


C^jH^,,  Barbituric. 
C4NaH404,  Dialurio.- 


y  C^H/)^  Alloxanio. 
CtHtOf,  Mesoxalic/  C^H/^,  Alloxan. 


C5N4H40,  Hypoxan  thine. 
C6N4H4Or  Xanthine. 
C§N4H40,,  Uric  acid. 
xC§N4H604,  Pseudo-uric. 


Between  some  of  the  consecutive  monureides  shown  in  this  table,  there 
exist  bodies  formed  by  the  union  of  the  two  consecutive  monureides,  with 
elimination  of  water.  Such  is  the  mode  of  formation  of  allituric,  lantan- 
wrky  and  kydurilic  acids,  and  of  allozantin  ;  thus : 

CtN4Ht04      =      CjNjH^      +      C,N2H40,      —      H,0 
Allituric  Hydantoin.  Lantanuno 

acid.  acid. 


C.N4H40, 

Leucoturio 
acid. 

<wv>. 

Hydurilio 
acid. 

CJI4H40T 
Alloxantin. 


C^,H40,      + 
Lantanuno 
acid. 

C4N2H40,      + 
Barbiturio 
acid. 

WA    + 

Dialurio 
acid. 


C,N,H,(>,      - 
Parabamo 
acid. 


H,0 


C4NfH404 

Dialurio 

acid. 

Alloxan. 


—      H,0 


—      HfO 


•  This  table,  together  with  the  preceding  view  of  the  relatione  between  the  teveral  deriva- 
tive* of  nric  add,  is  taken  from  Odling'e  "  Lectures  on  Animal  Chemistry."  London,  1866, 
pp.  139-185. 
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The  following  is  a  description  of  some  of  the  more  important  compounds 
aboYe  enumerated : 

Allamtoin,  C4N4HfO..  —  This  substanoe,  which  contains  the  elements  of 
2  molecules  of  ammonium  oxalate  minus  5  molecules  of  water  [2Ct(NH.), 
04  —  511,0],  is  contained  in  the  allantoic  liquid  of  the  festal  calf  and  in 
the  urine  of  the  sucking  calf.  It  is  produced  artificially,  together  with 
oxalic  acid  and  urea,  by  boiling  uric  acid  with  lead  dioxide  and  water : 

2C,N4H40,  +  80,  +  6H,0  =  C4N4H«Ot  +   20^,0^  +  201^0, 
Uric  acid.  Allantoin.     Oxabo  acid.       Urea. 

The  liquid  filtered  from  lead  oxalate,  and  duly  concentrated  by  evapora- 
tion,  deposits  on  cooling  crystals  of  allantoin,  which  are  purified  by  re- 
solution and  the  use  of  animal  charcoal.  The  mother-liquor,  when  further 
conoentrated,  yields  crystals  of  pure  urea.  Allantoin  forms  small  but 
most  brilliant  prismatic  crystals,  which  are  transparent  and  colorless,  des- 
titute of  taste,  and  without  action  on  vegetable  colors.  It  dissolves  in  160 
parts  of  cold  water,  and  in  a  smaller  quantity  at'  tbe  boiling  heat.  It  is 
decomposed  by  boiling  with  nitric  acid,  and  by  oil  of  vitriol  when  concen- 
trated and  hot,  being  in  this  case  resolved  into  ammonia,  carbon  dioxide, 
and  carbon  monoxide.  Heated  with  concentrated  solutions  of  caustic  alka- 
lies, it  is  decomposed  into  ammonia  and  oxalic  acid. 

Alloxan,  C4N,H,04.  —  This  is  the  characteristic  product  of  the  action 
of  concentrated  nitric  acid  on  uric  acid  in  the  cold.  An  acid  is  prepared 
of  sp.  gr.  about  1*45,  and  placed  in  a  shallow  open  basin:  into  this  a  third 
of  its  weight  of  dry  uric  acid  is  thrown,  by  small  portions,  with  constant 
agitation,  care  being  taken  that  the  temperature  never  rises  to  any  con- 
siderable extent.  The  uric  acid  at  first  dissolves,  with  copious  efferves- 
cence of  carbon  dioxide  and  nitrogen,  and  eventually  the  whole  becomes  a 
mass  of  white,  crystalline,  pasty  matter.  This  is  left  to  stand  some  hours, 
drained  from  the  acid  liquid  in  a  funnel  having  its  neck  stopped  with  pow- 
der and  fragments  of  glass,  and  afterward  more  effectually  dried  upon  a 
porous  tile.  This  is  alloxan  in  a  crude  state :  it  is  purified  by  solution  in  a 
small  quantity  of  water,  and  crystallisation. 

Alloxan  crystallises  with  facility  from  a  hot  and  concentrated  solution, 
slowly  suffered  to  cool,  in  solid,  hard,  anhydrous  crystals  of  great  regular- 
ity, which  are  transparent,  nearly  colorless,  have  a  high  degree  of  lustre, 
and  the  figure  of  a  modified  rhombic  octohedron.  These  crystals  are 
monohydrated,  consisting  of  C4NsH.04.  Aq.  A  cold  solution,  on  the  other 
hand,  left  to  evaporate  spontaneously,  deposits  large  foliated  crystals  con- 
taining 4  molecules  of  water:  they  effloresce  rapidly  in  the  air.  The 
monohydrate  heated  to  150°-160°  C.  (302°-B20°  F.)  in  a  stream  of  dry  hy- 
drogen gives  off  its  water,  and  leaves  anhydrous  alloxan,  C4NsHs04.  Al- 
loxan is  very  soluble  in  water:  the  solution  has  an  acid  reaction,  a  dis- 
agreeably astringent  taste,  and  stains  the  skin,  after  a  time,  red  or  purple. 
It  is  decomposed  by  alkalies,  and  both   by  oxidising  and  deoxidising 

agents:  its  most  characteristic  property  is  that  of  forming  a  deep-blue 

compound  with  a  ferrous  salt  and  an  alkali. 

Xlloxasio  Acid,  C4N,H4Oft. — The  barium-salt  of  this  acid  is  deposited 

VmaSl  eoloTless,  pearly  crystals,  when  baryta-water  is  added  to  a  solu- 

*•**  Oban,  heated  to  60°  C.  (140°  FA  as  long  as  the  precipitate  first 

^*4  ted&lMlfta,  and  the  filtered  solution  is  then  left  to  cool.     The 

^^WtoMlMtid  by  the  cautious  addition  of  dilute  sulphuric  acid, 

~"    ~        "  "        ntle  evaporation  yields  alloxanio  acid  in  small 

Ijwid  taste  and  reaction,  decomposes  carbon- 

'**  nent  of  hydrogen.     It  is  a  bibasic 
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acid.  The  alloxanates  of  the  alkali-metals  are  freely  soluble :  those  of  the 
earth -metals  dissolve  in  a  large  quantity  of  tepid  water;  that  of  silver  is 
quite  insoluble  and  anhydrous. 

Mesoxalic  Acid,  CsHgOft.  — When  a  warm  saturated  solution  of  barium 
aUoxanate  is  heated  to  ebullition,  a  precipitate  falls,  which  is  a  mixture 
of  barium  carbonate,  aUoxanate,  and  mesoxalate:  the  solution  is  found 
to  contain  unaltered  barium  aUoxanate  and  urea.  Mesoxalic  acid  is  best 
prepared  by  slowly  adding  solution  of  alloxan  to  a  boiling-hot  solution  of 
lead  acetate :  the  heavy  granular  precipitate  of  lead  mesoxalate  thus  pro- 
duced is  washed  and  decomposed  by  sulphuretted  hydrogen :  urea  is  also 
formed  in  this  reaction  (p.  725).  Mesoxalic  acid  is  crystaliizable :  it  has 
a  sour  taste  and  powerfully  acid  reaction,  and  resists  a  boiling  heat :  it 
forms  sparingly  soluble  salts  with  barium  and  calcium,  and  a  yellowish  in- 
soluble compound  with  silver,  whioh  is  reduced  with  effervescence  when 
gently  heated. 

Mtcomelio  Acid,  C4N4H4Or — This  acid  is  formed  when  ammonia  in 
excess  is  added  to  a  solution  of  alloxan,  the  whole  heated  to  ebullition, 
and  afterward  supersaturated  with  dilute  sulphuric  acid  :  it  then  separates 
as  a  yellow,  light  precipitate,  which  increases  in  quantity  as  the  liquid 
cools.  It  is  but  feebly  soluble  in  water,  easily  dissolved  by  alkalies,  and 
forms  a  yellow  silver-salt.  Its  formation  from  alloxan  and  ammonia  is 
represented  by  the  equation  : 

C4N,H,04        +        2NH,        «        C4N4H4Of        +        2H,0. 

Parabanic  Acn>,  or  Pababah,  CJStHfir  —  This  is  the  characteristic 
product  of  the  action  of  moderately  strong  nitric  acid  on  uric  acid  or  al- 
loxan, by  the  aid  of  heat: 

CJS4Ufl9    +    0,    +    2Ht0    ==    CgNjHjO,    +    2C0,    +    2NHr 

It  is  conveniently  prepared  by  heating  together  1  part  of  uric  acid  and  8 
parts  of  nitric  acid  until  the  reaction  has  nearly  ceased ;  the  liquid  is  eva- 
porated to  a  syrupy  state  and  left  to  cool ;  and  the  acid  drained  from  the 
mother-liquor  is  purified  by  re-crystallisation.  Parabanic  acid  forms 
colorless,  transparent,  thin,  prismatic  crystals,  which  are  permanent  in  the 
air :  it  is  easily  soluble  in  water,  has  a  pure  and  powerfully  acid  taste,  and 
reddens  litmus  strongly.  Neutralised  with  ammonia,  and  mixed  with  sil- 
ver nitrate,  it  gives  a  white  precipitate. 

Oxalvbio  Acid,  C8H,N404.  —  The  ammonium-salt  of  this  acid  separates 
in  colorless  needles,  when  a  solution  of  parabanic  acid  saturated  with  am- 
monia is  boiled  for  a  moment,  and  then  left  to  cool.  The  acid  is  obtained 
by  adding  an  excess  of  dilute  sulphuric  acid  to  a  hot  and  strong  solution 
of  the  ammonium-salt,  and  cooling  the  whole  rapidly.  It  forms  a  white, 
crystalline  powder,  of  acid  taste  and  reaction,  capable  of  combining  with 
bases:  the  barium-  and  calcium-salt*  are  sparingly  soluble;  the  silver-salt 
crystallises  from  the  mixed  hot  solution  of  silver  nitrate  and  ammonium 
oxalurate  in  long,  silky  needles.  Oxaluric  acid  oontains  the  elements  of  1 
molecule  of  parabanic  acid  and  1  molecule  of  water.  Its  solution  is  resolved 
by  ebullition  into  free  oxalic  acid  and  oxalate  of  urea. 

Thionotuo  Acid,  C^NjHjSO,.  — -  This  acid,  which  oontains  the  elements 
of  alloxan,  ammonia,  and  sulphurous  oxide  (C4NsHf04  +  NH8  -f  SO,),  is 
formed,  as  an  ammonium-salt,  when  a  cold  solution  of  alloxan  is  mixed 
with  a  saturated  aqueous  solution  of  sulphurous  acid,  in  such  quantity  that 
the  odor  of  the  gas  remains  quite  distinct ;  an  excess  of  ammonium  car- 
bonate mixed  with  a  little  caustic  ammonia  is  then  added,  and  the  whole 
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boiled  for  a  few  minutes.  On  cooling,  ammonium  thionurate  is  deposited  in 
great  abundance,  forming  beautiful,  colorless,  crystalline  plates,  which  by 
solution  in  water  and  re-crystallization  acquire  a  fine  pink  tint.  A  solu- 
tion of  this  salt  gives  with  lead-acetate  a  precipitate  of  insoluble  lead  thio- 
nurate,  which  is  at  first  white  and  gelatinous,  but  shortly  becomes  dense 
and  crystalline :  from  this  compound  the  acid  may  be  obtained  by  the  aid 
of  sulphuretted  hydrogen.  It  forms  a  white  crystalline  mass,  permanent 
in  the  air,  very  soluble  in  water,  of  acid  taste  and  reaction,  and  capable 
of  combining  directly  with  bases.  When  its  solution  is  heated  to  the  boil- 
ing point,  it  undergoes  decomposition,  yielding  sulphuric  acid  and  uramtiU, 
or  dtaiuramide,  C4NTfH§0,: 


C4NfHiSO,    +    H,0    =    S04Hf    +    Ci^flfii 


'r 


Uramili.  — To  prepare  this  substance,  ammonium  thionurateis  dissolved 
in  hot  water,  mixed  with  a  small  excess  of  hydrochloric  acid,  and  the  whole 
boiled  in  a  flask:  the  uramile  then  separates  as  a  white,  crystalline  sub- 
stance, increasing  in  quantity  till  the  contents  of  the  vessel  often  become 
semi -solid.  After  cooling,  it  is  collected  on  a  filter,  washed  with  cold  water 
to  remove  the  sulphuric  acid,  and  dried  by  gentle  heat,  during  which  it 
frequently  becomes  pinkish.  It  is  tasteless  and  nearly  insoluble  in  water, 
but  dissolves  in  ammonia  and  the  fixed  alkalies.  The  ammoniacal  solution 
becomes  purple  in  the  air.  It  is  decomposed  by  strong  nitric  acid,  with 
formation  of  alloxan  and  ammonium  nitrate : 

C4N,H§0,    +    0    =    C4N,H,04    +    NHr 

Uramile,  heated  with  aqueous  solution  of  potassium  cyanate,  is  converted 
into  pseudo-uric  acid,  CsN4Ha04  =x  C4NsH6Os  +  CNHO. 

Uramile,  added  to  argentic  or  mercuric  oxide  suspended  in  boiling  water, 
is  converted  into  murexide  (p.  732). 

Alloxantin,  C.N4H407 .  8  Aq.  —  This  substance  is  the  chief  product  of 
the  action  of  hot  dilute  nitric  acid  upon  uric  acid,  and  is  likewise  produced 
by  the  action  of  deoxidizing  agents  upon  alloxan,  anhydrous  alloxantin,  in 
fact,  containing  1  atom  of  oxygen  less  than  2  molecules  of  alloxan.  It  is 
best  prepared  by  passing  sulphuretted  hydrogen  gas  through  a  moderately 
strong  and  cold  solution  of  alloxan.  The  mother-liquor  from  which  the 
crystals  of  alloxan  have  separated  answers  the  purpose  perfectly  well:  it 
is  diluted  with  a  little  water,  and  a  copious  stream  of  gas  transmitted 
through  it.  Sulphur  is  then  deposited  in  large  quantity,  mixed  with  a 
white,  crystalline  substance,  which  is  the  alloxantin.  The  product  is 
drained  upon  a  filter,  slightly  washed,  and  then  boiled  in  water :  the  fil- 
tered solution  deposits  the  alloxantin  on  cooling.  Alloxantin  forms  small, 
four-sided,  oblique  rhombic  prisms,  colorless  and  transparent ;  it  is  soluble 
with  difficulty  in  cold  water,  but  more  freely  at  a  boiling  temperature. 
The  solution  reddens  litmus,  gives  with  baryta-water  a  violet-colored  pre- 
cipitate, which  disappears  on  heating,  and  when  mixed  with  silver  nitrate 
produces  a  black  precipitate  of  metallic  silver.  Heated  with  chlorine  or 
nitric  acid,  it  is  changed  by  oxidation  to  alloxan.  The  crystals  become  red 
when  exposed  to  ammoniacal  vapors.  They  contain  8  molecules  of  water, 
which  they  do  not  give  off  till  heated  above  150°  C.  (802°  F.). 

Alloxantin  is  readily  decomposed:  when  a  stream  of  sulphuretted  hydro- 
gen is  passed  through  its  boiling  solution,  sulphur  is  deposited  and  dialuric 
acid  is  produced.  A  hot  saturated  solution  of  alloxantin  mixed  with  a  neu- 
tral salt  of  ammonia  instantly  assumes  a  purple  color,  which,  however, 
quickly  vanishes,  the  liquid  becoming  turbid  from  the  formation  of  ura- 
mile :  the  solution  is  then  found  to  contain  alloxan  and  free  acid.  With 
silver  oxide,  alloxantin  gives  off  carbon  dioxide,  reduces  a  portion  of  the 
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metal,  and  conrerts  the  remainder  of  the  oxide  into  oxalurate.  Boiled 
with  water  and  lead  dioxide,  alloxantin  gives  urea  and  lead  carbonate. 

Dialubio  Acid,  C4N,H404. — This  acid  is  the  final  product  of  the  action 
of  reducing  agents  on  alloxan,  and  is  formed  when  sulphuretted  hydrogen 
is  passed  through  a  boiling  solution  of  alloxan  till  no  further  action  takes 
place:  C4N,H,04  -f  H,S  =  C4N,H404  -f  8.  It  forms  colorless  needles,  re- 
sembling those  of  alloxantin,  has  a  strong  acid  reaction,  and  neutralixes 
acids  completely,  forming  salts  which  are  sparingly  soluble  in  water. 

Htdubilio  Acid,  C8N4H-Or  —  Dialuric  acid,  heated  to  about  160°  C. 
(320°  F.),  with  glycerin  (which  acts  merely  as  a  solvent),  splits  up  into 
formic  acid,  carbon  dioxide,  and  the  ammonium-salt  of  hydurilic  acid: 

6C4N,H404    =    CH,Of    +    8CO,    +    2CfN4H§(NH4)Or 

By  converting  this  ammonium-salt  into  a  copper-salt,  and  decomposing  the 
latter  with  hydrochloric  acid,  hydurilic  acid  is  obtained  in  crystals. 

Hydurilic  acid  is  converted  by  fuming  nitric  acid  into  alloxan,  without 
any  other  product ;  but  with  nitric  acid  of  ordinary  strength  it  yields  al- 
loxan, together  with  violuric  acid,  violantin,  and  diliturie  acid:  * 

CfN4H40,  +  N0,H  =  C4NfHs04   +    C4N,H,04  +  H,0 
Hydurilio  Violuric  Alloxan, 

acid.  acid. 

C0N4H,O,   +   2NO,H  =  C4N,Hf05    +  C^H^  +  NOtH  +  H,0. 
Hydurilio  Diliturie  Alloxan. 

acid.  acid. 

If  the  action  be  carried  on  to  the  end,  diliturie  acid  is  the  only  product. 
Thia  acid  may  indeed  be  regarded  as  a  product  of  the  oxidation  of  violuric 
acid :  C4NsHtOB  =  C4N,Hf04  +  0 ;  and  violantin  as  a  compound  of  the 
two. 

Dibbomobabbitttbic  Acid,  or  Bbomalloxan,  C4NtHjBrJ0,,  is  produced, 
together  with  alloxan,  by  the  action  of  bromine  on  hydurilic  acid: 

CJXfifi^  +  Br,  +  HtO  =  C4N,H,BrtOs  -}-  C4N,Ht04  +  4HBr. 

It  crystallises  in  colorless,  shining  plates,  or  prisms,  belonging  to  the  tri- 
metric  system,  soluble  in  water,  very  soluble  in  alcohol  and  ether.  By  Ay- 
drogen  tulphidt,  in  presence  of  water,  it  is  reduced  to  dialurio  acid : 

C^HjBr/),    +   H,S  +   HfO  =  C4N,H404    +    2HBr  +  S. 

With  a  small  quantity  of  hydr iodic  acid  it  yields  hydurilic  acid : 

2C4NfH,Br,0f    +     6HI    =    CgN^O,    +    4HBr    +     81,; 

bat  when  it  is  heated  with  excess  of  hydriodic  acid,  the  reduction  goes  a 
step  farther,  and  barbituric  acid,  C4N8H4Os,  is  produced : 

C4N^,BrfO,    +    4HI    =    C4N,H4Of    +    2HBr    +    2Ir 

Barbituric  acid  crystallizes  in  beautiful  prisms,  containing  two  molecules 
of  water.  It  is  bibasic,  and  yields  chiefly  acid  salts,  which  are  obtained 
by  treating  the  corresponding  acetates  with  barbituric  acid. 

Barbituric  acid  is  converted  by  fuming  nitric  acid  into  diliturie  acid,  by 
potassium  nitrate  into  potassium  violurate.  When  boiled  with  potash  it 
gires  off  ammonia,  and  yields  the  potassium-salt  of  malonic  acid,  C,H404 

•  For  d«*cript]ong  of  these  several  products,  see  Watts'*  Dictionary  of  Chemistry. 
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(p.  661),  whence  it  appears  to  have  the  constitution  of  malonyl  urea,  CN-H- 
(Cflfit)"0  =  C,H404  +  CNtH40  —  2H,0. 

Murexidi,  C8N#HgOf .  Aq. ;  Prout's  Purpurate  of  Ammonia.  —  There  are 
several  methods  of  preparing  this  magnificent  compound.  It  may  be  made 
directly  from  uric  acid,  by  dissolving  that  substance  in  dilute  nitric  acid, 
evaporating  to  a  certain  point,  and  then  adding  to  the  warm  but  not  boil- 
ing liquid  a  very  slight  excess  of  ammonia.  In  this  process  alloxantin  is 
first  produced,  and  is  afterward  partially  converted  into  alloxan :  the  pres- 
ence of  both  is  requisite  for  the  production  of  murexide.  This  process 
is,  however,  very  precarious,  and  often  fails  altogether.  An  excellent 
method  is  to  boil  for  a  few  minutes  in  a  flask  a  mixture  of  1  part  of  dry 
uramile,  1  part  of  red  oxide  of  mercury,  and  40  parts  of  water,  to  which 
two  or  three  drops  of  ammonia  have  been  added :  the  whole  assumes  in  a 
short  space  of  time  an  intensely  deep  purple  tint,  and  when  filtered  boil- 
ing hot,  deposits,  on  cooling,  splendid  crystals  of  murexide,  unmixed  with 
any  impurity.    The  reaction  in  this  case  is : 

2C4N,HL0§       +        0        =        CJX%Hfl%       +        HfO. 
Uramile.  Murexide. 

A  third,  and  perhaps  even  still  better  process,  is  that  of  Dr.  Gregory :  7 
parts  of  alloxan  and  4  parts  of  alloxantin  are  dissolved  in  240  parts  of  boil- 
ing water,  and  the  solution  is  added  to  about  80  parts  of  cold,  strong  solu- 
tion of  ammonium  carbonate :  the  liquid  instantly  acquires  such  a  depth 
of  color  as  to  become  opaque,  and  gives  on  cooling  a  large  quantity  of 
murexide :  the  operation  succeeds  best  on  a  small  scale. 

Murexide*  crystallises  in  small  square  prisms,  which  by  reflected  light 
exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing-oases  of  the 
rose-beetle  and  other  inseots:  by  transmitted  light  they  are  deep  purple- 
red.  It  is  soluble  with  difficulty  in  cold  water,  much  more  easily  at  the 
boiling  heat,  insoluble  in  alcohol  and  ether.  Mineral  acids  decompose  it, 
with  separation  of  a  white  or  yellowish  substance  called  murexan,  probably 
identical  with  uramile,  and  caustic  potash  dissolves  it,  with  production  of  a 
most  magnificent  purple  color,  which  disappears  when  the  solution  is  boiled. 

A  few  years  ago,  murexide  was  extensively  used  in  dyeing ;  it  is  now 
rapidly  being  superseded  by  rosaniline,  the  crimson  derived  from  aniline. 

A  series  of  substances  closely  related  to  the  derivatives  of  uric  acid  will 
be  noticed  under  the  head  of  Caffeine. 


COMPOITND  AMMOHIAS  or  AKmS. 

These  names  are  given  to  a  class  of  compounds  derived  from  ammonia, 
NH,,  by  substitution  of  alcohol-radicals  for  hydrogen,  these  radicals  being 
either  monatomic  or  polyatomic ;  the  substitution  may  take  place  in  one, 
two,  or  a  greater  number  of  ammonia  molecules,  thus  giving  rise  to  mona- 
fiiuie*,  diamine*,  triaminei,  Ac.  Moreover,  the  nitrogen  in  these  bases  may 
be  replaced  by  phosphorus,  arsenic,  or  antimony,  giving  rise  to  phos- 
phines,  arsines,  and  stibines,  bases  analogous  in  composition  and  properties 
to  the  amines.  Connected  with  these  last-mentioned  bases  are  certain  com- 
pounds of  alcohol-radicals  with  metals  not  belonging  to  the  nitrogen  class. 
The  natural  organio  bases,  or  alkaloids,  found  in  plants,  and  certain  artifi- 
cial bases  whose  constitution  has  not  been  very  exactly  made  out,  will  be 
treated  in  an  appendix  to  the  alcoholic  ammonias. 

•  So  called  from  the  Trrian  dje,  said  to  have  been  prepared  from  a  apeoiee  of  mutt*,  or 
eheU-ftih. 
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Ammonia,  5H*  may  give  up  one,  two,  or  three  of  its  hydrogen-atoms  in 
exchange  for  univalent  alcohol-radicals  (methyl  and  its  homologues,  for 
example),  producing  primary,  secondary,  and  tertiary  ami/net.  If  A,  B,  C, 
denote  three  such  alcohol-radicals,  the  amines  formed  by  substituting  them 
for  hydrogen  in  ammonia  will  be  represented  by  the  general  formulae : 

TA  fA 

B 

Lc 

Primary.  Secondary.  Tertiary. 

In  the  secondary  and  tertiary  amines  the  alcohol-radicals  denoted  by  A,  B, 
C  may  be  either  the  same  or  different ;  for  example : 


n{h  n{b  n{] 


Secondary. 


Tertiary. 


N{h**     *{§?•      N{ 


CH, 


*{"' 


CH, 


Diamethyl- 
amine. 


Methyl- 
ethylamine. 


fCH, 

(CH,  (c.tf.  (C5Hn 

Trimethyl-    Dimethyl-  Methyl-ethyl- 
ethylamine.   amylamine. 


It  U  clear  that  amines  containing  only  univalent  alcohol-radicals  must  be 
derived  from  only  one  molecule  of  ammonia :  for  to  bind  together  two  or 
more  such  molecules  would  require  the  introduction  of  a  polyatomic  radi- 


cal: thus, 


is  a  stable  compound,  but  such  a  compound  as 


h   !{$** 

£j  i  (CtHft)s  would  split  up  into  two  molecules,  each  consisting  of  N  j  c  ^  . 

In  other  words,  amines  derived  from  monatomio  alcohols  must  be  mona* 
mines. 

These  amines  are  basic  compounds  more  or  less  resembling  ammonia  in 
odor,  having  an  alkaline  reaction  on  vegetable  colors,  and  uniting  with 
acids  to  form  salts  which  are  analogous  in  composition  to  the  ammonium- 
salts,  and,  like  the  latter,  may  be  regarded  either  as  compounds  of  ammo- 
nia-molecules with  acids,  or  of  ammonium  molecules  with  halogen  elements 
and  acid  radicals  analogous  thereto  (see  p.  810) ;  thus: 


NH, 

Ammonia. 

ammonia. 

NH(C.H8)f 

Diethyl- 
ammonia. 

Tnethyl- 


+     HC1 
+     HC1 


=  NH..C1 


Ammonium  chloride. 


=  NHI(CSH8) .  CI     Ethylammonium  chloride. 


+    HCl        =  NHa(CsHft)s.Cl    Diethylammonium  chloride. 


+    HCl        =  NH(C,H6), .  CI     Triethylammonium  chloride. 


2N(C,H§), 
Triethyl- 
amine. 
62 


+    HsS04     =  [NH(CtHs)s]sS04  Triethylammonium  sulphate. 
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All  the  ealts  of  these  amines,  when  heated  with  potash,  give  off  the  amine, 
just  as  ammonia-salts  give  off  ammonia. 

The  tertiary  amines  can  unite  with  the  chlorides,  &c,  of  alcohol-radi- 
cals in  the  same  manner  as  with  acids :  thus  triethylamine,  N(C,HS if .  unites 
directly  with  ethyl  iodide,  CSH6I,  forming  a  compound  which  may  be  re- 
garded either  as  triethylamin*  ethyliodide,  N(CtH5)I .  C.H5I,  or  as  tetrethyl- 
ammomum  iodide,  N(C,H6)4.L  Now  this  iodide,  when  heated  with  potash, 
does  not  give  off  ammonia  or  a  Tolatile  ammonia-base ;  but  when  heated 
with  silver  oxide  and  water,  it  is  converted,  by  exchange  of  iodine  for  hy- 
droxyl,  into  a  strongly  alkaline  base,  called  Utrethylammonium  hydrate,  which 
may  be  obtained  in  the  solid  state,  and  exhibits  reactions  closely  analogous 
to  those  of  the  fixed  caustic  alkalies.  Its  formation  is  represented  by  the 
equation : 


N(CtH5)4I      +      KOH 


KI      +      N(C,H5)4(OH). 


Moreover,  this  base  can  exchange  its  hydroxyl  for  chlorine,  bromine,  and 
other  acid  radicals,  just  like  potash  or  soda,  forming  solid  crystallizable 
salts  like  the  iodide  above  mentioned.  These  compounds,  containing  four 
equivalents  of  alcohol-radicals,  are,  in  fact,  analogous  in  every  respect  to 
ammonium-salts,  excepting  that  the  corresponding  hydrates  are  capable  of 
existing  in  the  solid  state,  whereas  ammonium  hydrate,  NIL(OH),  splits 
up,  as  soon  as  formed,  into  ammonia  and  water.  The  radicals  N(CsHft)4, 
Ac,  corresponding  to  ammonium,  are  not  known  in  the  free  state. 

The  monamines  containing  more  than  one  carbon-atom  are  susceptible 
of  isomeric  modifications  similar  to  those  of  the  alcohols ;  thus  ethylamine, 
NHJCjH,),  is  isomeric  with  dimethylamine,  NH(CJH,)t;  propylamine, 
NHS(CSHT),  is  isomeric  with  methyl-ethylamine,  NH(CH,)(C2H§),  and  with 
tri  me  thy  famine,  N(CHS)S,  &c,  &c,  the  number  of  possible  modifications 
of  course  increasing  with  the  complexity  of  the  molecules.  Moreover,  a 
monamine,  either  primary,  secondary,  or  tertiary,  may  admit  of  modifica- 
tion in  the  alcohol-radical  itself;  thus  the  primary  monamine,  NH^CjHf), 
may  exhibit  the  two  following  modifications : 


NJ  h 

Ih 


C  HgCHgC  Hj 


Propylamine. 


n|C^(CH.), 
Isopropylamine. 


An  instance  of  isomerism  of  this  latter  kind  has  lately  been  observed  by 
Wurtz  in  amylamine,  NH,(C5HH). 

Amines  may  of  course  be  formulated  on  the  methane  or  marsh-gas  type 
instead  of  the  ammonia  type,  the  radical  amidogen,  NHr  and  others  de- 
rived from  it,  being  substituted  for  an  atom  of  hydrogen;  thus: 


H 
H 
H 

[NH(CHf) 


C 


H 
H 

lN(CH8)f 


Methane, 


Dimethyl-      Trimethyl- 


amme. 


amine. 


This  mode  of  representation  is  convenient  in  some  cases,  but  the  amines 
and  their  salts  are  so  closely  related  to  the  ammonia-compounds  in  their 
modes  of  formation  and  transformation,  that  they  are  for  the  most  part 
more  appropriately  represented  by  formulae  derived  from  ammonia,  NHS, 
and  sal-ammoniac,  NH4C1. 

A  great  number  of  amines  and  their  salts  have  been  obtained,  but  the 
limits  of  this  work  will  not  allow  us  to  describe  more  than  the  most  impor- 
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Unt  of  those  containing  the  radicals,  methyl,  ethyl,  amyl,  and  phenyl.  In 
describing  them  it  will  be  convenient  to  make  a  slight  departure  from  the 
natural  order,  and  commence  with  the  ethyl  bases,  which  have  been  more 
completely  studied  than  their  homologues. 


BASES  Of  THE  ETHYL  SERIES. 


Bthylamine,  or  Ethyl-ammonia,  C.H.N  =  NH^CjH,).— On  digesting 
ethyl  bromide  or  iodide  with  an  alcoholic  solution  of  ammonia,  the  alka- 
line reaction  of  the  ammonia  gradually  disappears;  and  on  evaporating 
the  solution  on  the  water-bath,  a  white  crystalline  mass  is  obtained,  which 
consists  chiefly  of  ethyl-ammonium  bromide  or  iodide:  NH8  +  CjH.I  = 
NHf(C,H6)I.  On  distilling  this  salt  in  a  retort  provided  with  a  good  con- 
denser, with  caustic  lime,  the  ethylamine  is  liberated  and  distils  over: 

2NH,(CtH,)I    +    CaO    =    2NH,(C,H5)    +    H,0    Calr 

Another  method  of  preparing  this  compound,  and,  indeed,  the  method  by 
which  it  was  first  obtained  by  Wurtz,  consists  in  submitting  ethyl  cyanate 
to  the  action  of  potassium  hydrate.  Cyanic  acid  (p.  710),  when  treated 
with  boiling  solution  of  potash,  splits  into  carbon  dioxide  and  ammonia ; 
and  ethyl  cyanate  (p.  714)  suffers  a  perfectly  analogous  decomposition, 
yielding  carbon  dioxide  and  ethylamine : 

CNHO        +        2KHO        =        K,CO,        +        NH, 
Cyanic  acid.  Ammonia. 

CN(C,H6)0         +    2KHO        =        K,CO,        +        NH  (C,H6) 
Ethyl  cyanate.  Ethylamine. 

Ethyl  cyanurate,  polymeric  with  the  cyanate,  likewise  gives  off  ethyl- 
amine when  boiled  with  potash. 

Ethylamine  is  a  very  mobile  liquid,  of  sp.  gr.  0-6964,  at  8°  C  (46°  F  ) 
boiling  at  19°  C.  {66°  F.).  The  specific  gravity  of  its  vapor  is  1-57.  It 
has  a  most  powerful  ammoniacal  odor,  and  restores  the  blue  color  to  red- 
dened litmus-paper.  It  produces  white  clouds  with  hydrochloric  acid  and 
w  absorbed  by  water  with  great  avidity.  With  acids  it  forms  a  series  of 
neutral  crystallizable  salts  perfectly  analogous  to  those  of  ammonium 

Ethylamine  imitates,  moreover,  in  a  remarkable  manner,  the  deportment 
of  ammonia  with  metallic  salts.  It  precipitates  the  salts  of  magnesium 
aluminium,  iron,  manganese,  bismuth,  chromium,  uranium,  tin,  lead  and 
mercury;  line-salts  yield  a  white  precipitate,  which  is  soluble  in  excess. 
Like  ammonia,  ethylamine  dissolves  silver  chloride,  and  yields  with  cop- 
per-salts a  blue  precipitate,  which  is  soluble  in  an  excess  of  ethylamine. 
vn^n\n/ft?/nyoTn?  t0  OX?li0  ether'  a  white  Precipitate  of  biethyl-oxamide, 
t*  iSKV  u  a(  ?  *'?  1S  P™duoed:  »  compound  analogous  to  oxamic  acid 
(p.  659)  has  also  been  obtained.  Ethylamine  may,  however,  be  readily 
distinguished  from  ammonia:  its  vapor  is  inflammable,  and  it  produces 
ZLu  P  i!?k  chlorld®'  a  8alt»  [NH,(C,H5)Cl-LPtCl4,  crystallizing  in  golden 
scales,  which  are  rather  soluble  in  water.  Treated  with  chlorine,  it  yields 
ethyl-ammonium  chloride  and  bichlorethylamine,  NCLC,H«  a  yellow  liquid 
having  a  penetrating,  tear-exciting  odor  When  treated  with  potash,  it  is 
converted  into  ammonia,  potassium  acetate,  and  potassium  chloride:  NCI, 
(C,Hft)  +  3KHO  =  C,HfKOa  +  2KC1  +  NH,  +  HtO. 

m&S^r€amsTm  vn  P*8!1"*  the  TaP°r  of  ova,lio  »«**  int0  »  solution  of 
emyttmine,  the  liquid  becomes  hot,  and  deposits,  after  evaporation,  fine 
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crystals  of  ethyl-urea:  C,HTN  +  CNHO  =  CjH^O  ==  CH^C-H^NjO. 
This  substance,  which  may  be  viewed  as  ordinary  area  (p.  721 ),  haying  1 
atom  of  hydrogen  replaced  by  ethyl,  may  also  be  prepared  by  treating 
cyanic  ether  with  ammonia:  CN(C,H6)0  -f-  NH8  =  CfiJSfi.  Ethyl-urea 
is  very  soluble  in  water  and  alcohol :  the  concentrated  aqueous  solution, 
unlike  that  of  ordinary  urea,  yields  no  precipitate  with  nitric  acid ;  but  on 
gently  evaporating  the  mixture,  a  very  soluble  crystalline  nitrate  of  ethyl- 
urea  is  obtained.  Boiled  with  potash,  this  substance  yields  a  mixture  of 
equivalent  quantities  of  ammonia  and  ethylamine :  C.H^N.0  4-  2KHO  = 
KjCO,  +  NH,  +  C,HtN. 

Biethylamine,  C4H„N  s  NH(C,H.)r  — A  mixture  of  the  solutions  of 
ethylamine  and  ethyl  bromide,  heated  in  a  sealed  tube  for  several  hours, 
solidifies  to  a  crystalline  mass  of  Diethyl- ammonium  bromide :  NHtC,H5  -f 
CjH6Br  =  NHf(CtH6),Br.  This  bromide,  distilled  with  potash,  yields 
biethylamine  as  a  colorless  liquid,  still  very  alkaline,  and  soluble  in  water, 
but  less  so  than  ethylamine.  This  compound  boils  at  57-5°  C.  (135°  F.). 
It  forms  beautifully  crystallizable  salts  with  acids.  A  solution  of  biethyl- 
ammonium  chloride  forms  with  platinic  chloride  a  very  soluble  double  salt, 
2NHj(C,Hft)2Cl .  PtCl4,  crystallising  in  orange-red  grains,  very  different 
from  the  orange-yellow  leaves  of  the  corresponding  ethyl-ammonium  salt. 

Bitthyl-urta.  —  Biethylamine  behaves  with  cyanic  acid  like<*mmonia  and 
ethylamine,  giving  rise  to  biethyl-urea.  A  substance  similar  to,  but  not 
identical  with,  the  former,  has  been  produced  by  the  action  of  cyanic  ether 
upon  ethylamine  :  CN(C,Hs)0  +  C?H,N  =  C.HltN.O  =  CCH^HfJJNjO. 
The  biethyl-ureas  are  very  crystallizable,  and  readily  form  crystalline  ni- 
trates. Boiled  with  potash,  the  biethyl-ureas  yield,  the  former  1  molecule 
of  biethylamine  and  1  molecule  of  ammonia,  C[U,(CsH6).]NsO  +  2KHO  = 
K-CO.  +  NH(C.H5),  -f  NH.;  the  latter,  pure  ethylamine,  C[H.(CJ.)J 
Kfi  +  2KHO  =  K,CO,  -f  2NH,(C,H6). 

Triethylamine,  C€HI§N  ==  N(C?Hs)r  —  The  formation  of  this  body  is  per- 
fectly analogous  to  that  of  ethylamine  and  of  biethylamine.  On  heating 
for  a  short  time  a  mixture  of  biethylamine  with  ethyl  bromide  in  a  sealed 
glass  tube,  a  beautiful  fibrous  mass  of  triethyl-ammonium  bromide  is  ob- 
tained, from  which  the  triethylamine  may  be  separated  by  potash.  Tri- 
ethylamine is  a  colorless,  powerfully  alkaline  liquid,  boiling  at  91°  C.  (196° 
F.).  The  salts  of  this  base  crystallize  remarkably  well.  With  platinic 
chloride  it  forms  a  very  soluble  double  salt,  2NH(C,H,)IC1 .  PtCl^  which 
crystallizes  in  magnificent,  large,  orange-red  rhombs. 

The  action  of  ethyl  iodide  or  bromide  on  ammonia  gives  rise  to  the  si- 
multaneous formation  of  the  three  ethylated  bases,  which,  though  differing 
considerably  in  their  boiling  points,  can  scarcely  be  separated  by  fractional 
distillation.  The  separation  succeeds,  however,  by  digesting  the  mixture 
of  these  three  bases  with  anhydrous  ethyl  oxalate.  Ethylamine  is  thus 
converted  into  diethyioxamine : 

CpACtTls\    +   2NH  (C,H.)   -  2W>H)    +    NfiC??*rH,(C^5)s 
Etnyt oxalate.  Ethyl-  Alcohol.  Diethyl-oxamide. 

amine. 

and  diethylamine  forms  diethyloxamate : 

C,04(C,H5),  +   NH(CtH§),  -  CH5(OH)  +  C 10  (N(C,H ,) J(OC,H5) 
Ethyl  olalate.         Diethyl-  Alcohol.         Ethyho  diethyloxamate; 

amine, 
whereas  triethylamine  does  not  combine  with  oxalic  ether.     The  separation 
is  carried  out  in  the  fcUowiMinattner :         #    ,.    .        ,  4  4,        . 

On  distilling  the  &&»t  *Am  ^Hpp*  ** .  e^yl  oxalate  upon  the  mix- 


METHYLAMINE.  737 

tore  of  ethyl  bases  in  the  water-bath,  pure  triethylamine  passes  oyer;  and 
on  treating  the  residue  with  boiling  water,  diethylamide  is  dissolved, 
while  ethyl  diethyloxamate  remains  as  an  insoluble  layer  floating  upon  the 
hot  solution :  it  may  be  separated  by  a  tap-funnel.  Diethyloxamide  treated 
with  potash  yields  pure  ethylamine,  while  pure  diethylamine  is  obtained 
by  treating  ethylic  diethyloxamate  with  the  same  reagent. 

Tetrethyl-ammonium  Hydrate,  C8H.,NO  =r  N(CtH.)4(OH).  —  When  anhy- 
drous triethylamine  is  mixed  with  dry  ethyl  iodide,  a  powerful  reaction 
ensues,  the  mixture  enters  into  ebullition,  and  solidifies  on  cooling  to  a 
white  crystalline  mass  of  tetrethyl-ammonium  iodide :  N(C,H6)8  -f-  C,H«I 
=  N(C,Hj)4I.  This  iodide  is  readily  soluble  in  hot  water,  from  which  it 
crystallises  on  cooling  in  beautiful  crystals  of  considerable  size.  This  sub- 
stance is  not  decomposed  by  potash :  it  may  be  boiled  with  the  alkali  for 
hours  without  yielding  a  trace  of  volatile  base.  The  iodine  may,  however, 
be  readily  removed  by  treating  the  solution  with  silver-salts.  If  in  this 
case  silver  sulphate  or  nitrate  be  used,  we  obtain,  together  with  silver 
iodide,  the  sulphate  or  nitrate  of  tetrethyl-ammonium, which  crystallizes  on 
evaporation :  on  the  other  hand,  if  the  iodide  be  treated  with  freshly  pre- 
cipitated silver  oxide,  the  hydrate  of  tetrethyl-ammonium  itself  is  sepa- 
rated. On  filtering  off  the  silver  precipitate,  a  clear  colorless  liquid  is  ob- 
tained, which  contains  the  isolated  base  in  solution.  It  has  a  strongly  alka- 
line reaction,  and  intensely  bitter  taste.  The  solution  of  tetrethyl-ammo- 
nium hydrate  has  a  remarkable  analogy  to  potash  and  soda.  Like  these 
substanoes,  it  destroys  the  epidermis  and  saponifies  fatty  substances,  with 
formation  of  true  soaps.  With  metallic  salts  it  exhibits  exactly  the  same 
reactions  as  potash.  On  evaporating  a  solution  of  the  base  in  a  vacuum, 
long  slender  needles  are  deposited,  which  are  evidently  the  hydrate  with 
an  additional  amount  of  crystallisation  water.  After  some  time  these  nee- 
dles disappear  again,  and  a  semi-solid  mass  is  left,  which  is  the  hydrate 
of  tetrethyl-ammonium.  A  concentrated  solution  of  this  substance  in 
water  may  be  boiled  without  decomposition,  but  on  heating  the  dry  sub- 
stance, it  is  decomposed  into  pure  triethylamine,  water,  and  defiant  gas : 

N(C,H6)4(OH)      «      H,0      +      N(C2H5)§      +      CfH4. 

Tetrethyl-ammonium  hydrate  forms  neutral  salts  with  acids.  These  salts 
are  mostly  very  soluble ;  several  yield  beautiful  crystals.  The  platinum- 
salt,  2N(C,H6)4C1 .  PtCl^  forms  orange-yellow  octohedrons,  which  are  about 
as  soluble  as  the  corresponding  potassio-platinic  salt. 


BABES  OF  THE  METHYL  SERIE8. 

Methylamine,  CH5N=NH,(CHS).  — The  formation  and  the  method  of  pre- 
paring this  compound  from  methyl  cyanate  are  perfectly  analogous  to  those 
of  ethylamine  (p.  735):  however,  methylamine  being  a  gas  at  the  common 
temperature,  it  is  necessary  to  cool  the  receiver  by  a  freezing  mixture. 
The  distillate,  which  is  an  aqueous  solution  of  methylamine,  is  saturated 
with  hydrochloric  acid,  and  evaporated  to  dryness.  A  crystalline  residue 
is  thus  obtained,  consisting  of  methylammonium  chloride,  and  this,  when 
distilled  with  dry  lime,  yields  methylamine  gas,  which,  like  ammonia  gas, 
must  be  collected  over  mercury.  It  is  distinguished  from  ammonia  by  a 
slightly  fishy  odor,  and  by  the  facility  with  which  it  burns.  Methylamine 
is  liquefied  at  about  — 18°:  its  sp.  gr.  is  1-08.  This  substance  is  the  most 
soluble  of  all  gases;  at  12° C.  (64° F.),  one  volume  of  water  absorbs  1040 
62* 


788  AMYLAMINKS. 

Tolumes  of  the  gM.  It  Is  likewise  very  readily  absorbed  by  charcoal.  In 
its  chemical  deportment  with  acids  and  other  substances,  methylamine 
resembles  in  every  respect  ammonia  and  ethylamine.  Methylamine  ap- 
pears to  be  produced  in  a  great  number  of  processes  of  destructive  distilla- 
tion :  it  has  been  formed  by  distilling  several  of  the  natural  organic  bases, 
such  as  codeine,  morphine,  caffeine,  and  several  others,  with  caustic  potash ; 
frequently  a  mixture  of  several  bases  is  produced  in  this  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  substance, 
rnethyl-urta,  CH,fCH,)NaO,  bimttkyl-urca,  CHJCH,},**/),  and  metAyJ-rfAyl- 
urea,  CHjCHs)(CsH^)NtU,  may  be  mentioned.  The  latter  substance  has  been 
produced  by  the  action  of  ethyl  cyanate  upon  methylamine.  A  series  of 
platinum-bases,  analogous  to  those  produced  by  the  action  of  ammonia 
upon  platinous  chloride  (p.  426),  have  likewise  been  obtained  with  methyl- 
amine. 

Bimethylamine,  C,H7N=NH(CHs)r  —  This  compound,  isomeric  with  ethyl- 
amine, is  prepared  by  the  action  of  ammonia  on  methyl  iodide.  Its  sepa- 
ration from  the  methylamine  and  trimethylamine  simultaneously  formed,  is 
accomplished  by  means  of  oxalic  ether  (p.  785). 

Trimethylamine,  CJRJt  •=  N(CHs)r  — ■  This  substance  is  readily  obtained 
in  a  state  of  perfect  purity,  by  submitting  tetramethyl-ammonium  hydrate 
to  the  action  of  heat.  It  is  gaseous  at  the  common  temperature,  but  lique- 
fies at  about  90°  C.  (194°  P.),  to  a  mobile  liquid  of  very  powerfully  alkaline 
reaction.  Trimethylamine  produces  very  soluble  salts  with  acids.  The 
platinum-salt,  2NH(CHS)SC1 .  PtCl4,  is  likewise  very  soluble,  and  crystallises 
in  splendid  orange-red  octohedrons.  According  to  Mr.  Winkles,  large  quan- 
tities of  trimethylamine  are  found  in  the  liquor  in  which  salt  herrings  are 
preserved. 

Tetramethyl-ammonium  Hydrate,  C.H^NO  =  N(CHA(OH).— The  corre- 
sponding iodide  may  be  obtained  by  adding  methyl  iodide  to  trimethylamine. 
The  two  substances  unite  with  a  sort  of  explosion.  The  same  iodide  is 
prepared,  however,  with  less  difficulty,  simply  by  digesting  methyl  iodide 
with  an  alcoholic  solution  of  ammonia.  In  this  reaction  a  mixture  of  the 
iodides  of  ammonium,  methyl-ammonium,  bimethyl-ammonium,  trimethyl- 
ammonium,  and  tetramethyl-ammonium  is  produced.  The  first  and  last 
compounds  are  formed  in  largest  quantity,  and  may  be  separated  by  crys- 
tallisation, the  iodide  of  tetramethyl-ammonium  being  but  sparingly  soluble 
in  water.  From  the  iodide  the  base  itself  is  separated  by  means  of  silver 
oxide.  Its  properties  are  similar  to  those  of  the  corresponding  ethyl-com- 
pound. It  differs,  however,  from  tetr  ethyl-ammonium  hydrate  in  its  be- 
havior when  heated  (p.  787),  yielding  trimethylamine  and  pure  methyl 
alcohol,  NlCH^OH^NfCH,),-*- CH,(OH). 


BABES  Of  THE  AMTL  SERIES. 

The  formation  of  these  bodies  being  perfectly  analogous  to  that  of  the 
corresponding  terms  in  the  ethyl  series,  we  refer  to  the  fuller  statement 
given  on  page  785,  and  confine  ourselves  to  a  brief  description  of  their 
principal  properties. 

Amylamine,  C.HttN  =  NH,(C6Hn),  is  a  colorless  liquid  of  peculiar,  pene- 
trating, aromatio  odor,  slightly  soluble  in  water,  to  which  it  imparts  a 
strong  alkaline  reaction.  With  the  acids  it  forms  crystalline  salts,  which 
have  a  fatty  lustre.     Amylamine  boils  at  93°  C.  (199°  F.). 

An  amylamine-urea  has  been  prepared. 
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Biamylamine,  CWH„N  =  NH(C5Hlx)r — An  aromatic  liquid,  less  soluble 
in  water,  and  less  alkaline  than  amylamine.  It  boils  at  about  170°  C. 
(838°  F.). 

Triamylamine,  C»HaN  =  N(C6Hn)s. — A  colorless  liquid,  of  properties 
similar  to  those  of  the  two  preceding  bases,  but  boiling  at  257°  C.  (495°  F.). 
The  salts  of  triamylamine  are  very  sparingly  soluble  in'  water,  and  fuse* 
when  heated,  to  colorless  liquids,  floating  upon  water. 

Tetramyl-ammoninm  Hydrate,  CttHtfNO  =  N(C,Hn)4OH.— This  sub- 
stance is  far  less  soluble  than  the  corresponding  bases  of  the  methyl  and 
ethyl  series,  and  separates  as  an  oily  layer  on  adding  potash  to  the  aque- 
ous solution.  On  evaporating  the  solution  in  an  atmosphere  free  from  car- 
bonic acid,  the  alkali  may  be  obtained  in  splendid  crystals  of  considerable 
size.  When  submitted  to  distillation,  it  splits  into  water,  triamylamine,  and 
amylene : 

N(C,H„),OH       =       H,0       +        N(C6H„),       +       C.H,,. 

In  addition  to  the  bases  already  enumerated,  the  following  have  been  ob- 
tained by  analogous  processes,  viz.,  treatment  of  the  iodides  of  the  corre- 
sponding alcohol-radicals  with  ammonia:  propylamine,  CSH9N,  hexal- 
amine,  C6HttN,  heptylamine,  C7H17N,  octylamine,  CfH„N,  and  nonylamine, 
CgH,,N. 


BA8ES  OP  THE  AROMATIC  SERIES. 

In  speaking  of  the  aromatic  hydrocarbons,  we  have  explained  that  each 
of  the  hydrocarbons  homologous  with  benzene  may  be  regarded  as  a  com- 
pound of  phenyl  with  one  or  more  alcohol-radicals  of  the  methyl  series, 
and  may  give  rise  to  two  series  of  derivatives,  accordingly  as  the  hydro- 
gen in  the  phenyl  or  in  the  alcohol-radical  is  replaced :  thus  from  toluene 
or  methyl-phenyl,  CeH8.CHr  are  derived  chlorotoluene,  C.H4C1.  CHS,  iso- 
meric with  benzyl  chloride,  C6H6.  CILC1,  —  and  cresol,  C6H4OH  .  GHr  iso- 
meric with  benzyl  alcohol,  CaHB .  GH3OH.  Each  of  these  hydrocarbons 
can  in  like  manner  yield  two  isomeric  bases,  accordingly  as  an  atom  of  hy- 
drogen in  one  part  or  the  other  of  its  molecule  is  replaced  by  amidogen, 
NH,:  thus  from  toluene  are  derived  two  bases  containing  C7H9N,  vis. : 
C,H4(NH.) .  CH,  C,H6 .  CH,NH, 

Toluidine.  Benzylamine. 

The  second  of  these,  benzylamine,  is  analogous  in  its  mode  of  formation, 
and  all  its  principal  characters,  to  the  bases  of  the  methyl  series,  and  may 
be  represented  by  the  formula  NH,(C7H7),  derived  from  ammonia  by  sub- 
stitution of  the  univalent  radical,  benzyl,  C7H7,  for  hydrogen.  But  tolu- 
idine is  formed  in  a  different  manner,  viz.,  by  the  action  of  reducing  agents 
on  nitrotoluene,  and  differs  in  its  chemical  relations  from  benzylamine, 
much  in  the  same  manner  as  cresol  from  benzyl  alcohol,  being  altogether  a 
less  active  substance. 

Xylidine,  C8H„N  =  C6H,(NH,)  .  (CH,), ;  cumidine,  C9HttN  =  C«H4 
(NH,) .  C,H7,  ana  oymidine,  C^H^N,  bases  homologous  with  toluidine,  are 
obtained  in  like  manner  from  the  nitro-derivatives  of  the  corresponding 
hydrocarbons.  The  corresponding  bases  homologous  with  benzylamine 
have  not  yet  been  obtained. 

Aniline,  C#H7N.  —  There  is  but  one  aromatic  monamine  containing  six 
atoms  of  carbon,  viz.,  aniline,  CaH7N ;  and  this  may  be  regarded  indiffcr- 

r   U 

entry,  either  as  amidobcnzene,  C(H&(NHa),  or  as  phenyktmine,  N  <  p  *.j  ,  that 
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is  to  say,  as  a  lower  homologue  either  of  toluidine  or  benzylamine.  The 
two  formulas  just  given  are  in  fact  identical ;  and  moreover  aniline,  both 
in  its  modes  of  formation  and  in  its  properties,  exhibits  resemblances,  on 
the  one  hand  to  toluidine  and  its  homologies,  and  on  the  other  to  benzyl- 
amine  and  the  monamines  of  the  methylic  series. 
Aniline  is  produced:  1.  By  heating  phenol  with  ammonia  in  sealed  tubes: 

C6H,(0H)        +        NH,        =        HtO        -f        NH,(C«HS). 

2.  By  the  action  of  hydrogen  sulphide  and  other  reducing  agents  on  nitro- 
benzene: 

C.H6(NOt)     +    8H,S    =    2H.0    +     S,    +    C6H6(NH,). 

The  first  of  these  reactions  exhibits  the  relation  of  aniline  to  benzylamine: 
the  second,  its  relation  to  toluidine. — 3.  By  the  action  of  caustic  potash 
upon  indigo: 

C8HsNO   -f   4KHO   +   H,0   =   C6HTN  =  200,*%  +   2Hr 
Indigo.  Aniline. 

The  name  aniline  indicates  the  relation  of  this  compound  to  the  indigo 
group,  the  botanical  name  of  the  indigo-plant  being  Indigofera  ami. 

Preparation. — 1.  From  indigo. — Powdered  indigo  boiled  with  a  highly 
concentrated  solution  of  potassium  hydrate  dissolves,  with  evolution  of  hy- 
drogen, to  a  brownish-red  liquid  containing  anthranilic  acid.  If  this  mat- 
ter be  transferred  to  a  retort  and  still  further  heated,  it  swells  up  and  gives 
off  aniline,  which  condenses  in  the  form  of  oily  drops  in  the  neck  of  the 
retort  and  in  the  receiver.  Separated  from  the  ammoniacal  water  by  which 
it  is  accompanied,  and  redistilled,  it  is  obtained  nearly  colorless. 

2.  In  order  to  prepare  aniline  from  nitrobenzene  (see  p.  495),  this  sub- 
stance is  submitted  to  a  process  discovered  by  Zinin,  which  has  proved  a 
very  abundant  source  of  artificial  organic  bases.  An  alcoholic  solution  of 
nitrobenzene  is  treated  with  ammonia  and  sulphuretted  hydrogen,  until  after 
some  hours  a  precipitation  of  sulphur  takes  place.  The  brown  liquid  is 
now  again  saturated  with  sulphuretted  hydrogen,  and  the  process  repeated 
until  sulphur  is  no  longer  separated.  The  reaction  may  be  remarkably 
accelerated  by  occasionally  heating  or  distilling  the  mixture.  The  liquid 
is  then  mixed  with  excess  of  acid,  filtered,  boiled  to  expel  alcohol  and  un- 
altered nitrobenzene,  and  then  distilled  with  excess  of  oaustic  potash. 

If  the  aniline  be  required  quite  pure,  it  must  be  converted  into  oxalate, 
the  salt  several  times  crystallised  from  alcohol,  and  again  decomposed  by 
potash. 

Bechamp  has  shown  that  the  reduction  of  nitrobenzene  may  be  effected 
even  more  conveniently  by  the  action  of  ferrous  acetate.  The  distillation  of 
one  part  of  nitrobenzene,  one  part  of  acetic  acid,  and  one  and  a  half  part 
of  iron  filings,  seems,  in  fact,  to  be  the  best  process  for  preparing  aniline.* 
The  mass  swells  violently,  and  very  capacious  retorts  are  required. 

Aniline  exists  among  the  products  of  the  distillation  of  coal,  and  probably 
of  other  organic  matters:  it  is  formed  in  the  distillation  of  anthranilic  acid, 
and  occasionally  in  other  reactions. 

Aniline,  when  pure,  forms  a  thin,  oily,  colorless  liquid,  of  faint  vinous 
odor,  and  aromatic,  burning  taste.  It  is  very  volatile,  but  has,  neverthe- 
less^ high  boiling  point  (182°C.  [260°  F.]).  In  the  air  it  gradually  becomes 
yellow  or  brown,  and  acquires  a  resinous  consistence.  Its  density  is  1  -028. 
Water  dissolves  aniline  to  a  certain  extent,  and  also  forms  with  it  a  kind  of 
hydrate:  alcohol  and  ether  are  miscible  with  it  in  all  proportions.     It  is 

•  According  to  Schenrer-Kestner.  the  treatment  of  nitrobenzene  with  a  very  large  quantity 
of  iron  filings  and  acetic  acid  reproduces  benzene  and  ammonia. 
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destitute  of  alkaline  reaction  to  test-paper,  but  is  quite  remarkable  for  the 
number  and  beauty  of  the  crystallizable  compounds  which  it  forms  with 
acids.  Two  extraordinary  reactions  characterize  this  body  and  distinguish 
it  from  all  others  —  viz.,  that  with  chromic  acid,  and  that  with  solution  of 
calcium  hypochlorite.  The  former  gives  with  aniline  a  deep-greenish  or 
bluish-black  precipitate,  and  the  latter  an  extremely  beautiful  violet-colored 
compound,  the  fine  tint  of  which  is,  however,  very  soon  destroyed.  When 
nitrous  acid  is  passed  into  aniline,  or  when  aniline  hydrochloride  is  treated 
with  silver  nitrate,  water  and  phenol  are  produced,  and  nitrogen  is  evolved: 

(^HjN      +      NO,H      =      CJR0      +      H,0      +      Nr 

On  the  other  hand,  when  nitrous  acid  is  passed  through  an  alcoholic  solu- 
tion of  aniline,  2  molecules  of  aniline  are  linked  together,  8  atoms  of  the 
hydrogen  being  replaced  by  1  atom  of  nitrogen.  Azodiphenyldiamine,  the 
substance  thus  produced,  contains  0MHuNr  The  following  equation  re- 
presents its  formation : 

2C,H7N        +        NO,H        mm        CuHuN,        +        2HtO. 

By  treatment  of  azodiphenyldiamine  with  nitrous  acid,  the  same  change  is 
repeated  once  more,  three  additional  atoms  of  hydrogen  being  again  re- 
placed by  one  of  nitrogen,  whereby  a  new  substance,  CttH8N4,  is  formed 
according  to  the  equation : 

C,,HUN,        +        NO,H        =        CltH8N«        +        2HtO. 

This  body  is  remarkable  for  the  violence  with  which,  like  fulminate  of 
silver,  it  explodes.  Griess,  who  discovered  these  substances,  has  succeeded 
in  obtaining  similar  compounds  from  several  others  of  the  basic  derivatives 
of  aniline. 

Paraniline,  —  In  the  manufacture  of  aniline  upon  a  large  scale,  several 
bases,  having  much  higher  boiling  points  than  aniline,  are  formed ;  among 
them  there  is  a  beautifully  crystalline  compound  called  paraniline,  poly- 
meric with  aniline  and  represented  by  the  formula  CMH,^NS  =  2C.H7N. 
It  forms  two  series  of  salts,  of  which  the  hydrochlorides,  C|,HUNS .  HCl  and 
CttH14Na .  2HC1,  may  be  quoted  as  examples. 


Substitution-product*  of  Aniline, 

Under  the  head  of  indigo,  a  product  of  oxidation  of  this  substance  will 
be  noticed,  to  which  the  name  itatin  has  been  given.  When  isatin  is  dis- 
tilled with  an  exceedingly  concentrated  solution  of  caustic  potash,  it  is,  like 
indigo,  resolved  into  aniline,  carbon  dioxide,  and  free  hydrogen.  In  like 
manner,  chloruatin  and  dkhloruatin,  similarly  treated,  yield  products  anal- 
ogous to  aniline,  but  containing  one  or  two  atoms  of  chlorine  respectively 
in  the  place  of  hydrogen.  The  ehloranUine,  C6H#C1N,  and  dichloraniline, 
CgHgCljN,  thus  produced,  cannot,  however,  be  obtained  by  the  direct  action 
of  chlorine  upon  aniline,  thus  differing  from  ordinary  substitution-com- 
pounds ;  but  aniline  may  be  reproduced  from  them  by  the  same  reagent 
that  is  capable  of  reconverting  ohloracetic  acid  into  ordinary  acetic  acid  — 
namely,  an  amalgam  of  potassium  or  sodium  (see  p.  613).  They  are  the 
first  eases  on  record  of  organio  bases  containing  chlorine. 

Chloraniline  forms  large,  colorless  octohedrons,  having  exactly  the  odor 
and  taste  of  aniline,  very  volatile,  and  easily  fusible  :  it  distils  without  de- 
composition at  a  high  temperature,  and  burns,  when  strongly  heated,  with 
a  red  smoky  flame  with  greenish  border.  It  is  heavier  than  water,  in- 
different to  vegetable  colors,  and,  except  in  being  solid  at  common  tempera- 
tares,  resembles  aniline  in  the  closest  manner.     It  forms  numerous  and 
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beauUftdciysUUiiable  salts,    If  aniline  be  treated  with  chlorine  irms,  the 

^SllK'hS^  Vf""*?*  C*H*C1»N>  Wd«  P™1""*  •  Volatile 
crystalline  body  which  has  no  longer  any  basic  properties.  The  corre- 
sponding bromine  compounds  hare  also  been  formed  and  described 

MtraniUne ,  C.HJNO^N.  — This  compound  is  formed  by  the  action  of 
ammonium  sulphide  on  dinitrobenxene,  C6H4(NOs),  (p.  496).  The  attemnt* 
to  prepare  it  directly  from  aniline  by  meansW  ni!r\c  add^werVuilsucc^! 
ful,  the  principal  product  being  usually  picric  acid.  It  forms  yellow 
acicular  crystals,  but  little  soluble  in  cold  water,  although  easily  dissolved 
by  alcohol  and  ether.  When  warmed  it  exhales  an  aromatic  odor,  and 
melts.  At  a  higher  temperature  it  distils  unchanged.  By  very  gentle  heat 
it  may  be  sublimed  without  fusion.  It  U  heavier  than  wate?,  does  not 
affect  test-paper,  and  like  chlor-  and  brom-aniline  fails  to  give  with  cal- 
cium hypochlorite  the  characteristic  reaction  of  the  normal  compound. 
Nitramline  forms  crystalluable  salts,  of  which  the  hydrochloride  is  the 
best  known. 

Diphenylamnt,  NH(C«Hg),,  is  produced  by  the  distillation  of  triphenyl- 
rosanihne  (aniline  blue).  It  is  a  crystalline  body,  melting  at  46°  C.  ( 1 13°  F  ) 
to  a  yellow  oil,  which  boils  constantly  at  310°  C.  (690°  F  ).  A  substance 
possessing  the  composition  of  trfrkenylamme,  C^H^N,  but  probably  not  con- 
nected with  the  phenyl  series,  is  formed  by  submitting  the  compound  pro- 
duced by  the  action  of  oinnamic  aldehyde  upon  ammonium  sulphite  to  de- 
structive distillation,  together  with  an  excess  of  lime. 

Cyananiline  is  formed  by  the  action  of  cyanogen  upon  aniline :  it  is  a 
crystalline  substance  capable  of  combining  with  acids  like  aniline  but  very 
prone  to  decomposition.  It  contains  C^H^N,  =  (C6HTN)f .  Cyr  and  is 
therefore  a  compound  of  cyanogen  with  aniline,  not  a  substitution-deri- 
vative. 

Derivative*  of  Aniline  containing  Alcohol-radical*. — By  treating  aniline  with 
iodide  or  bromide  of  methyl,  ethyl,  Ac,  in  different  proportions,  bases  are 
obtained  in  which  the  hydrogen  of  the  aniline  is  more  or  less  replaced  by 
those  radicals.  Ethylaniline,  C6H#(C,H5)N,  or  NH(C,H§)(C6H§),  and  biethyl- 
aniUne,  N(C,HB)S(CCH5),  are  liquids  greatly  resembling  aniline ;  the  former 
boils  at  204° C.  (899°  F.);  the  latter  nt  213-6°  C.  (416°  F.).  Ethylaniline 
treated  with  amyl  iodide  yields  the  hydriodide  of  tthyl-amyl-aniline,  N(C2H.) 
(C5H„)(C-H4) .  HI,  or  iodide  of  ethyl-amyl-phcnylommonium,  NHfC.H^fcJl,,) 
(CaH5)I,  from  which  the  ethyl-amyl-aniline  may  be  separated  by  distilla- 
tion with  potash.  It  is  an  aromatic  oil  boiling  at  262°  C.  (604°  F.).  When 
treated  with  methyl  iodide,  it  is  converted  into  iodide  of  meihyl-ethyl-amyl- 
phtnylammonium,  N(CrI,)(CfH.)(C5Hll)(C6H5)I,  from  which  the  correspond- 
ing hydrate,  N(CH8KC,H5)(C5HU)(C,H5) .  OH,  may  be  obtained  by  treat- 
ment  with  silver  oxide  and  water.  This  hydrate  is  very  soluble  in  water, 
powerfully  alkaline,  and  has  an  extremely  bitter  taste. 

Many  other  substitution-derivatives  of  aniline  may  be  obtained  in  a  simi- 
lar manner. 

Tolnidine,  C7H9N,  or  Amidotolnene,  C7H7(NH,)  =  C.H4(NHt) .  CHr— This 
base  is  homologous  with  aniline,  and  is  obtained,  similarly  to  the  latter,  by 
the  action  of  hydrogen  sulphide  or  ferrous  acetate  on  nitrotoluene,  C7HT(NO.). 

It  forms  colorless  platy  crystals,  very  sparingly  soluble  in  water,  easily 
in  alcohol,  ether,  and  oils :  it  is  heavier  than  water,  has  an  aromatic  taste 
and  odor,  and  a  very  feeble  alkaline  reaction.  At  40°  C.  (104°  F.)  it  melts, 
and  nt  206°-206°  C.  (402°  F.)t  boils  and  distils  unchanged.  It  forms  well- 
cry  stall  iied  salts,  but  is  nevertheless  a  weak  base,  and,  according  to  Wanklyn, 
is  absolutely  incapable  of  neutralising  dilute  sulphuric  acid.  It  forms  sub- 
stitution-derivatives similar  to  those  of  aniline ;  those  containing  methyl 
and  its  homologues  are  more  basic  than  toluidine  itself. 
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Benaylamine,  C#H5 .  CH,(NH,)  or  NH3(€7H7). — This  compound,  isomerio 
with  toluidine,  is  obtained,  together  with  dibenzylamine,  NH(CTH7)j,  and 
tribenzylamine,  N(CTH7)r  by  the  action  of  alcoholic  ammonia  on  benzyl 
chloride,  C6H5.  CH,C1  (p.  496),  the  mode  of  formation  of  these  bases  being 
exactly  analogous  to  that  of  methylamine  and  its  homologues,  and  alto- 
gether different  from  that  of  toluidine. 

Benzylamine  is  a  colorless  liquid,  boiling  atl82°-183°  C.  (360°  F.)  (23° 
C.  (73°  F.)  lower  than  toluidine).  It  mixes  in  all  proportions  with  water, 
and  is  separated  therefrom  by  potash.  It  is  a  much  stronger  base  than 
toluidine ;  absorbs  carbon  dioxide  rapidly,  forming  a  crystalline  carbonate ; 
unites  readily  with  other  acids,  producing  rise  of  temperature ;  and  fumes 
with  hydrochloric  acid.     The  hydrochloride  crystallizes  in  striated  tables ; 


toluidine,  are  obtained  in  like  manner  by  reduction  of  the  corresponding 
nitro-derivatives.  Xylidine  boils  at  214°-216°  C.  (417°-420°F.) ;  cumidine 
at  225°  C.  (437°  F.) ;  cymidine  at  260°  C.  (482°  F.).  Xylidine  and  cumidine 
form  well-crystallized  salts. 

The  isomers  of  these  three  bases,  homologous  with  benzylamine,  hare 
not  yet  been  obtained. 

Naphthalidine,  C,pH9N=C,0HT(NH.),  is  interesting,  as  being  one  of  the 
first  compounds  of  its  kind  produced  by  Zinin's  process.  It  is  obtained  by 
the  action  of  ammonium  sulphide  upon  an  alcoholic  solution  of  nitro-naph- 
Oxalate,  one  of  the  numerous  products  of  the  action  of  nitric  acid  upon 
naphthalene,  C10H«.  When  pure  it  forms  colorless  silky  needles,  fusible,  and 
volatile  without  decomposition.  It  has  a  powerful,  not  disagreeable  odor, 
and  burning  taste,  is  nearly  insoluble  in  water,  but  dissolves  readily  in 
aloohol  and  ether ;  the  solution  has  an  alkaline  reaction.  Naphthalidine 
forms  numerous  crystalline  salts. 
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These  are  bases  derived  from  two  or  three  molecules  of  ammonia,  N,H# 
and  NSH~  by  substitution  of  bivalent  and  trivalent  alcohol-radicals  for  a 
part  or  the  whole  of  the  hydrogen.  A  portion  of  the  hydrogen  may  at  the 
same  time  be  replaced  by  univalent  alcohol-radicals.  Diamines  are  formed 
by  the  action  of  the  chlorides,  bromides,  and  iodides  of  the  diatomic  alco- 
hol-radicals on  ammonia.  The  examination  of  these  compounds  is  far  from 
being  complete. 

Ethbhk-diamink  and  Diitheni-diamink.— The  action  of  ammonia  upon 
ethene  dibromide  is  very  complex ;  but  among  the  products  of  the  reaction 
there  are  invariably  present  the  hydrobromides  of  two  bases  which  are 
derived  from  two  molecules  of  ammonia,  viz.,  ethene-diamine,  C2H8N.= 
N^GAK'fL,  an  oily  liquid  boiling  at  117°  C.  (242°  F.),  and  diethene-dia- 
mine,  C^H^N,  =  N2(C2H4)//1H„  a  crystalline  solid,  boiling  at  a  high  tem- 
perature. The  formation  of  these  bodies,  which  saturate  two  equivalents 
of  acid,  may  be  represented  by  the  following  equations  : 

2NHf  +     (C^'Br,  =  [N1(CtH4y'HJ//Brr  and 

4NH,  +  2(C,H4)"Br1  =  [^(CjHJ'W'Br,   +   2NH4Br. 

Distillation  with  potash  separates  the  bases  from  these  salts,  potassium 
bromide  being  formed  at  the  same  time. 
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By  the  action  of  ethyl  iodide  upon  ethene-diamine  and  diethene-diamine, 
two  series  of  ethylated  derivatives  have  been  obtained.  We  can  here  give 
only  the  names  and  formulae  of  the  iodides: 


[N1H6(C1H4)^^1r 
:NA(C^J"(CA)J'' 


1r 


Ba*e*  derived  from  Ethene-diamine. 
Iodide  of  Ethene-diammonium    .     .     . 
Iodide  of  Diethyl-ethene-diammoninm. 
Iodide  of  Tetrethyl-ethene-diammonium 
Iodide  of  Pentethyl-ethene-diammonium 
Iodide  of  Hexethyl-ethene-dianunoniuin 

Batet  derived  from  Diethene-diamine. 
Iodide  of  Diethene-diammonium  .     .    .     [N1H4(C1H4)//J//Ir 
Iodide  of  Diethyl-diethene-diammonium    [NJH2(CtH4)//^(CJi6)J//Ir 
Iodide  of  Triethyl-diethene-diammonium   rNtH(C1tl4)/%(C1Hi)1y/It. 
Iodide  of  Tetrethyl-oUethcne-diammonium  L^s(CN1H4j//1(GtHft)J/Or 

Diethehe-tkiamixe  ahd  Tbiethene-tbiamine. — More  recently  two 
other  bases  have  been  separated  from  the  product  of  the  action  of  ethene 
dibromide  upon  ammonia,  via.,  diethene  triamine,  (CjH4),HftN,,  and  tri- 
ethene-triamine,  (C1H4)lHsNr  The  formation  of  these  bodies,  which  satu- 
rate 8  equivalents  of  acid,  may  be  represented  by  the  following  equations : 

4NH,  +  2(C,H4)"Br.  =  [N.fC.HJ"  H8]"'Brs  +    NH4Br 
6NH,  +  8(C,H4)"Brt  =r  [Nf(CfH4) ",!!«] '"Br,  +  SNH^r. 

DlPHBNTL-ETH  EN  B-DI  AMINE,     N^,(C,H4)  "  (C#H4)r     and      DlPHENTX-DI- 

ethene-diamine,  N1(C,H4)//J(C6Hi)r  —  Aniline,  when  submitted  to  the  ac- 
tion of  ethene  bromide,  CtH4Brr  solidifies  to  a  crystallise  mass,  from  which 
potash  separates  two  crystalline  bases,  which  are  soluble  in  alcohol  and  in 
ether,  but  insoluble  in  water.  If  a  large  quantity  of  ethene  bromide  be 
made  to  act  upon  a  comparatively  small  quantity  of  aniline,  the  new  salt 
contains  the  hydrobromide  of  diphenyl-ethene-diamine,  or  ethene-dianaline, 
CMHMNS .  2HBr  =  2C6H.N  +  C,H4Brr  On  the  other  hand,  if  the  aniline 
be  employed  in  excess,  hydrobromide  of  diethene-dianiline,  or  diphenyl- 
diethenenliamine,  0]CHlgN. .  2HBr,  is  formed,  together  with  hydrobromide 
of  aniUne :  4C,HTN  +  2CfH4Br1  =  C^H^, .  2HBr  +  2(CiHTN  .  HBr). 

Methenyl-diphenyl-diamine,  C^HjjN,  =  NJEIfCHyfC,!^),,  also  called 
Formyl-anilim.  —  A  mixture  of  aniline  and  chloroform  exposed  in  sealed 
tubes  to  a  temperature  of  180°  solidifies  to  a  crystalline  mass,  consisting 
of  aniline  hydrochloride  and  the  hydrochloride  of  methenyl-diphenyl-dia- 
mine: 

4C,HTN  +  CHC1,  =  2(C,HtN.HCl)  +  CjjHyNj.HCL 

By  washing  with  cold  water,  the  aniline  hydrochloride  is  removed,  and  the 
residue,  treated  with  potash,  yields  the  diatomic  base  in  a  state  of  purity. 
It  is  crystalline,  insoluble  in  water,  soluble  in  alcohol  and  in  ether. 

Phentline-diamine,  C6H8N,  =  NjyCjH^".  —  This  base  is  formed  by 
treating  dinitrobenzene  with  acetic  acid  and  iron  filings,  C.H^NO,),  -f-  6Ht 
=  4H,0  -f-  C6H8Nr  like  aniline  from  mononitrobenxene.  Freshly  distilled, 
phenylene-diamine  presents  itself  as  a  slightly-colored,  heavy  oil,  which, 
like  phenylamine,  has  a  tendency  to  assume  a  brown  color  on  exposure  to 
the  air.  The  base  gradually  solidifies  into  a  mass  of  crystals,  which  be- 
come hard  and  white  by  washing  with  ether.  The  melting  point  of  pheny- 
lene-diamine is  68°  C.  (146°  FO,  the  boiling  point  near  280°  C.  (586°  F.) ; 
it  distils  without  alteration    ffiyfr«afaitanoo  "  wy  soluble  in  water  and 
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alcohol,  less  soluble  in  ether.     It  combines  with  2  molecules  of  acid,  form- 
ing well  crystallized,  rather  soluble  salts. 

The  distillation  of  dinitrotoluene  and  dinitrocumene  with  acetic  acid  and 
iron  filings  produces  the  corresponding  bases,  toluylene-diamine,  C7H1QNr 
and  cumylene-diamine,  C8H„NS,  which  in  their  properties  and  chemical 
deportment  bear  a  great  resemblance  to  phenylene-diamine. 


Cajlbodiphbxyl-tbiaminb,  or 


f(<Wi 

MiLAWiLiKi,  CI8H1JNs=N8«j  C*       .—The 


action  of  dry  cyanogen  chloride  npon  anhydrous  aniline  gives  rise  to  the 
formation  of  a  resinous  substance,  which  is  the  hydrochloride  of  melani- 
line. Dissolved  in  water  and  mixed  with  potash,  the  above  salt  yields  me- 
laniline in  the  form  of  an  oil,  which  rapidly  solidifies  to  a  beautiful  crys- 
talline mass.  The  following  equation  represents  its  formation :  2C.H-N  -4- 
CNC1  =  CMH14NaCl. 

Melaniline  treated  with  chlorine,  bromine,  iodine,  or  nitric  acid,  yields 
basic  substitution-products,  in  which  invariably  two  atoms  of  hydrogen  are 
replaced.  It  combines  with  two  equivalents  of  cyanogen,  and  forms  salts 
with  acids,  most  of  which  are  crystallizable. 

Cabbotbiphbnyl-tbiaminb,  or  Phenyl-mblaniline,  C„H1TN.  =  NjHjC1* 
(CgHg),. — Aniline,  when  exposed  to  the  action  of  carbon  tetrachloride  at  a 
temperature  of  150°  C.  (302°  F.),  solidifies  into  a  resinous  mass,  consisting 
of  a  mixture  of  the  hydrochlorides  of  rosaniline  (p.  746),  and  of  several 
other  bases,  from  which,  by  appropriate  treatment,  a  beautiful  basic  com- 
pound may  be  extracted,  constituted  as  above.  The  formation  of  this  body, 
which  in  its  properties  closely  resembles  melaniline,  may  be  represented 
by  the  equation : 

6CeH7N    +    CC14    =    8(CtHTN.HCl)    +    C19HI7N8.  HC1. 

Melaniline  is  sometimes  represented  as  cyano-diphenyl-diamine,  N.Ht 
(CN)(C€H6)r  and  phenyl-melaniline  as  cyano-triphenyl-diamine,  NSH,(CN) 
(£«"»)*  *  *>ut  these  can  scarcely  be  regarded  as  true  formulae  of  diamines, 
inasmuch  as  they  contain  only  monatomic  radicals,  and  may  therefore  be 
resolved  into  formulae  of  monamines. 


Aniline  Colors. 

Aniline  has  during  the  last  few  years  found  an  extensive  application  in 
the  arts,  a  long  series  of  coloring  matters  unequalled  in  brilliancy  and 
beauty  having,  by  the  action  of  different  oxidizing  agents,  been  produced 
from  it.  It  was  Mr.  W.  H.  Perk  in  who  had  first  the  happy  idea  of  apply- 
ing practically  the  well-known  property  possessed  by  aniline,  of  forming 
violet  and  blue  solutions  when  treated  with  a  solution  of  chloride  of  lime 
or  ohromic  acid.  He  succeeded  in  fixing  these  colors,  and  bringing  them 
into  a  form  adapted  for  the  dyer.  We  will  here  notice  some  of  the  most 
important  of  these  coloring  matters. 

Ahilinb-fubple,  Mauve.— According  to  Mr.  Perkin,  mauve  is  prepared 
by  mixing  solutions  of  aniline  sulphate  and  potassium  bichromate  in  equi- 
valent proportions,  and  allowing  the  mixture  to  stand  for  several  hours ; 
the  black  precipitate  formed  is  filtered  off  and  purified  from  admixed  po- 
tassium sulphate  by  washing  with  water;  it  is  then  dried  and  freed  from 
resinous  matter  by  repeated  digestion  with  coal-tar  naphtha,  and  finally 
dissolved  in  boiling  alcohol.  For  its  further  purification,  the  alcoholic 
solution  is  evaporated  to  dryness,  the  substance  is  dissolved  in  a  large 
68 
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quantity  of  boiling  water,  reprecipitated  with  caustic  soda,  washed  with 
water,  and  dissolved  in  alcohol;  and  the  filtered  solution  is  evaporated  to 
dryness.  Mauve  thus  prepared  forms  a  brittle  substance,  having  a  beau- 
tiful bronze-colored  surface :  it  is  difficultly  soluble  in  cold  water,  although 
it  imparts  a  deep  purple  color  to  that  liquid:  it  is  more  soluble  in  hot 
water,  very  soluble  in  alcohol,  nearly  insoluble  in  ether  and  hydrocar- 
bons: it  dissolves  in  concentrated  acetic  acid,  from  which  it  crystallizes. 
Manve  is  the  sulphate  of  a  base  called  stomas*,  having  the  composition 
CjyH^N^  and  capable  of  forming  numerous  crystalline  salts  with  acids. 

Anuvi'UD,  Rosamtliotk,  C^H^N,. — This  substance  occurs  more  or  less 
pare  in  commerce  under  the  names  rotoae,  fucksme,  magenta,  awaleme,  Ac. 
A  red  color  had  been  observed  at  different  times  in  experimenting  with 
aniline,  more  especially  when  that  substance  was  digested  with  Dutch 
liquid.  The  red  coloring  matter,  though  still  impure,  was  first  obtained  in 
a  separate  state  from  the  product  formed  by  digesting  aniline  with  carbon 
tetrachloride  at  ISO9,  in  which  reaction  it  is  formed,  together  with  earbo- 
triphenyltriamine.  It  was  M.  Verguin  who  first  prepared  it  upon  a  large 
scale  by  the  action  of  stannic  chloride  upon  aniline.  Since  that  time  it  has 
been  produced  by  the  action  of  mercuric  salts,  arsenic  acid,  and  many 
other  oxidising  agents,  upon  aniline.  The  most  advantageous  mode  of  pre- 
paration is  the  following:  A  mixture  of  12  parts  of  the  dry  arsenic  acid 
which  occurs  in  commerce,  and  10  parts  of  aniline,  is  heated  to  120°  or 
140°  C.  (250°-280°  F.),  for  about  six  hours:  a  little  water  may  be  added 
with  advantage.  The  product,  which  is  a  hard  mass  possessing  the  lustre 
of  bronze,  is  dissolved  in  hot  water  and  precipitated  by  a  slight  excess  of 
soda:  the  precipitate  when  washed  with  water,  and  dissolved  in  acetic 
acid,  forms  the  roseine  of  commerce.  In  order  to  purify  this  still  crude 
substance,  it  is  boiled  with  an  excess  of  soda,  to  separate  any  aniline  that 
it  may  contain ;  and  the  washed  precipitate  is  dissolved  in  very  dilute 
mineral  acid,  filtered  from  undissolved  tarry  matter,  and  re-precipitated  with 
alkali.  The  compounds  of  rosaniline  with  one  molecule  of  acid  are  beau- 
tifully crystallised  substances,  which  in  the  dry  state  possess  a  green  color 
with  golden  lustre;  with  water  they  furnish  a  very  intensely  colored  red 
solution.  The  free  base,  first  obtained  by  Mr.  Nicholson,  presents  itself 
in  colorless  crystalline  plates,  insoluble  in  water,  soluble  in  alcohol  and 
ether,  with  a  red  color,  which  it  also  acquires  on  exposure  to  the  air.  Ros- 
aniline in  the  anhydrous  state  is  represented  by  the  formula  CpflJ$9 
and  in  the  hydrated  state,  such  as  it  assumes  when  isolated  from  its  com- 
pounds, by  the  formula  C^HI9N9.  H,0.  It  is  a  triamine  capable  of  com- 
bining with  one,  two,  or  three  equivalents  of  acid.  The  aniline  reds  of 
commerce  are  saline  compounds,  more  or  less  pure,  of  rosaniline  with  one 
equivalent  of  acid.  The  acetate,  which  is  chiefly  found  in  commerce  in 
England,  has  been  prepared  by  Mr.  Nicholson  in  splendid  crystals  of  very 
considerable  dimensions,  having  the  composition  C^H^N, .  C,H4Or  In 
France,  the  chloride  is  chiefly  employed ;  its  formula  is  CMH„NS .  HCL  The 
action  of  ammonium  sulphide  upon  rosaniline  gives  rise  to  leueanilmej  C^ 
VL.S  a  base  containing  two  additional  atoms  of  hydrogen.  This  base  is 
itself  colorless,  and  forms  colorless  salts  containing  8  equivalents  of  acid, 
such  as  C-H..N. .  HCL     Oxidizing  agents  reproduce  rosaniline. 

The  molecular  constitution  of  rosaniline  has  not  been  distinctly  made 
out  Neither  is  its  mode  of  formation  thoroughly  understood ;  but  one 
very  important  fact  has  been  brought  to  light  by  the  researches  of  Hof- 
mann,  and  confirmed  by  the  experience  of  manufacturers — namely,  that 
pure  aniline,  from  whatever  source  it  may  be  obtained,  is  incapable  of  fur- 
nishinr  aniline-red.  Commercial  aniline  prepared  from  coal-tar  always  in 
tact  contains  toluidine  as  well  as  aniline ;  and  Hoftnann  has  shown  that  the 
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presence  of  this  base,  together  with  aniline,  is  essential  to  the  formation 
of  the  red  dye.  Toluidine  by  itself  is  just  as  incapable  of  yielding  the 
red  as  pure  aniline,  but  when  a  mixture  of  pure  aniline  and  pure  toluidine 
is  treated  with  stannic  or  mercuric  chloride,  or  with  arsenio  acid,  the  red 
coloring  matter  is  immediately  produced.  Its  formation  may  perhaps  be 
represented  by  the  equation : 

C«H7N        +        2C7H,N        =        CjoH^N,        +        8H, 
Aniline.  Toluidine.  Rosaniline. 

Rosaniline  is  doubtless  a  triamine,  and  the  formula  NgfCjHg)",.  (CeH4)"Hs 
has  been  suggested  as  the  rational  expression  of  its  constitution.  This, 
however,  is  not  the  formula  of  a  true  triamine,  since  it  contains  only  biva- 
lent radicals,  and  may  be  resolved  into  NH,  +  N.(CTHe)"(CeH4)",  or 
N(C,H4)"H  +  N,(CTHe)",Hr 

AinLims-BLUB  and  Anilini-violit. — MM.  Girard  and  De  Laire  obtained 
aniline-blue  by  digesting  rosaniline  with  an  excess  of  aniline  at  150°-160° 
C.  (800°-820°  F.).  Together  with  aniline-blue,  which  is  the  principal  pro- 
duct of  the  reaction,  several  other  coloring  matters  (violet  and  greenj  and 
indifferent  substances  are  formed,  considerable  quantities  of  ammonia  Deing 
invariably  evolved.  The  crude  blue  is  purified  by  treating  it  successively 
with  boiling  water  acidified  with  hydrochloric  acid,  and  with  pure  water. 
The  blue  coloring  matter  is  said  to  be  obtained  from  its  boiling  alcoholic 
solution  in  brilliant  needles.  It  consists  of  the  hydrochloride  of  triphenyl- 
rosamline,  C^HM(C(H6)sNr  By  heating  rosaniline  with  ethyl-iodide,  Dr. 
Hofmann  *  has  obtained  an  aniline- violet,  having  the  composition  of  hydri- 
odide  of  truthyl-roaaniline,  Cs0Hle(CsH5)9Nr  Another  aniline-violet  is  pro- 
duced by  heating  rosaniline  with  a  quantity  of  aniline  less  than  sufficient 
to  form  aniline-blue. 

Akilihb-tbllow,  Chrysaniline. — In  the  preparation  of  aniline-red,  a 
considerable  quantity  of  secondary  products  is  produced,  from  which  Mr. 
Nicholson  has  succeeded  in  extracting  a  yellow  coloring  matter.  This  sub- 
stance, which  has  been  called  chrysaniline,  contains  C^H^N, :  it  is  also  a 
well-defined  base,  forming  two  series  of  salts,  the  majority  of  them  being 
very  well  crystallised.  The  two  hydrochlorides  of  chrysaniline  are  CWH,T 
N9 .  HC1,  and  C*H1TN8 .  2HC1.  The  nitrate  of  chrysaniline  is  so  insoluble 
in  water,  that  nitric  aoid  may  be  precipitated  even  from  a  dilute  solution 
of  nitrates  by  means  of  the  more  soluble  hydrochlorate  or  acetate  of 
chrysaniline.  Chrysaniline  is  intimately  related  to  rosaniline  and  leuoani- 
line,  differing  from  the  former  by  2  and  from  the  latter  by  4  atoms  of  hy- 
drogen: 

Chrysaniline    .        .        .    C^H17N, 

Rosaniline        .        .        .     CnHtftNs 

Leuoaniline      .        .        .    CaH-N* 


APPENDIX  TO  THE  ALCOHOLIC  AMMONIAS. 

Under  this  head  we  shall  include  certain  artificial  organic  bases,  the 
molecular  constitution  of  which  has  not  been  very  distinctly  made  out ; 
also  the  natural  bases  or  alkaloids  found  in  living  organisms ;  the  phos- 
phorus, arsenic,  and  antimony  bases,  analogous  in  composition  to  the 
amines ;  and  certain  other  compounds  of  organic  radicals  with  metals. 

*  Proceedings  of  the  Royal  8ociety,  xiii.  13. 
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I.— Artificial  Organio  Bases  obtained  from  various  Bonnet. 

BA8B8  OBTAINED  BT  DESTRUCTIVE  DISTILLATION. 

The  destructive  distillation  of  organic  substances  has  furnished  a  rich 
harvest  of  basic  compounds.  A  few  of  the  more  interesting  may  here  be 
noticed. 

Chinolinb  (Lbucolinb),  CtHTN. — Quinine,  einchonine,  strychnine,  and 
probably  other  bodies  of  this  class,  when  distilled  with  a  very  concentrated 
solution  of  potash,  yield  an  oily  product  resembling  aniline  in  many  re- 
spects, and  possessing  strong  basic  powers :  it  is,  however,  less  volatile 
than  that  substance,  and  boils  at  285°  C.  (455°  F.).  When  pure,  it  is  color- 
less, and  has  a  faint  odor  of  bitter  almonds.  Its  density  is  1-081.  It  is 
slightly  soluble  in  water,  and  miscible  in  all  proportions  with  alcohol,  ether, 
and  essential  oils.  Chinoline  forms  salts  with  acids,  which,  generally 
speaking,  do  not  crystallise  very  freely.  Chinoline  is  a  tertiary  monamine. 
When  digested  with  ethyl  iodide,  it  yields  iodide  of  ethylch  incline,  CjjHjjNT 
=  C9HT(C1H5)N1.  Treatment  of  this  iodide  with  silver  oxide  liberates  the 
base  CjjHjjN^HO),  which  exhibits  all  the  characters  of  the  ammonium  bases, 
being  powerfully  alkaline,  easily  soluble  in  water,  and  not  volatile.  Mr. 
C.  Greville  Williams  has  shown  that  the  basic  oil  obtained  by  distilling  ein- 
chonine contains,  in  addition  to  chinoline,  two  other  bases  of  very  similar 
Eroperties,  to  which  the  names  of  Itpidine  and  eryptidinc  have  been  given, 
epidine  contains  C,fHtN,  cryptidine  CUHUN. 

Crinoline-blub,  Ctaninb.  —  The  action  of  amyl  iodide  upon  chinoline 
gives  rise  to  iodide  of  amylchinoline,  C^H^NI.  Addition  of  an  excess  of 
soda  to  an  aqueous  solution  of  this  iodide  produces  a  black  resinous  pre- 
cipitate, which  dissolves  in  alcohol  with  a  magnificent  blue  color.  This 
precipitate  is  the  iodide  of  a  new  base,  discovered  by  Mr.  C  G.  Williams, 
which  has  been  called  cyanine.  The  color  of  this  body  is  unfortunately 
very  fugitive.  According  to  recent  researches,*  the  formation  of  the  new 
iodide  is  represented  by  the  following  equation :  2CUH18NI  =  CJRJSJL 
+  HI. 

Pioolinb,  C6H,N. — Dr.  Anderson  has  described  under  this  name  a  vol- 
atile, oily  base,  which  is  present  in  certain  varieties  of  coal-tar  naphtha, 
being  there  associated  with  aniline,  chinoline,  and  several  other  volatile 
substances  but  imperfectly  understood.  It  is  separated  without  difficulty 
from  the  two  bases  just  mentioned,  by  distillation,  in  virtue  of  its  superior 
volatility.  Picoline,  when  pure,  is  a  colorless,  transparent,  limpid  liquid, 
of  powerful  and  persistent  odor,  and  acrid,  bitter  taste.  It  is  unaffected 
by  a  cold  of — 18°.  It  is  extremely  volatile,  evaporates  rapidly  in  the  air, 
and  does  not  become  brown  like  aniline  when  kept  in  an  ill-stopped  bottle. 
Picoline  has  a  sp.  gr.  of  0-956,  and  boils  at  183°  C.  (271°  F.).  It  mixes  in 
all  proportions  with  pure  water,  but  is  insoluble  in  caustic  potash  and 
most  saline  solutions.  The  alkalinity  of  this  substance  is  exceedingly  well 
marked :  it  restores  the  blue  color  of  reddened  litmus,  and  forms  a  series 
of  crystallizable  salts.  It  is  isomeric  with  aniline,  but  completely  dis- 
tinguished from  that  body  by  numerous  characteristic  reactions. 


BASES  FROM  ANIMAL  OIL. 

The  oily  liquid  obtained  by  the  distillation  of  bones  and  animal  matter 
generally,  frequently  designated  by  the  term  Dippers  Oil,  contains  several 
*  ItyliiaJM,  Oompt  Bend.  It.  849. 
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volatile  organic  bases.  Together  with  some  of  the  substances  already  de- 
scribed, such  as  methylamine,  ethylamine,  picoline,  and  aniline,  Dr.  Ander- 
son has  found  in  it  several  peculiar  bases. 

Pktihihb,  C4HuN. — The  properties  of  this  substance  are  very  analogous 
to  those  of  biethylamine  and  triethylamine.  It  has  the  same  composition 
as  biethylamine,  but  differs  from  it  by  its  higher  boiling-point,  which  is 
79-5°  C.  (175°  F.),  that  of  biethylamine  being  57-6°  C.  (186°  F.)  (p.  786). 
Some  chemists  are  inclined  to  explain  this  difference  t>y  assuming  that 
petinine  is  identical  with  butylamine,  NH^C^H,).  This  assumption  may  be 
correct,  bat  is  not  as  yet  supported  by  any  experimental  evidence.  The 
true  tratylamine  has  been  obtained  by  M.  Wurts  from  butyl-alcohol  in  the 
same  manner  as  ethylamine  is  obtained  from  common  alcohol. 

Ptbidihk,  C6H6N,  much  resembles  picoline,  and  is  obtained  by  repeatedly 
rectifying  the  bases  of  Dippel's  oil,  which  distil  at  115°  C.  (289°  F.). 

Lutidine,  C-HjN. — Oily  base  contained  in  the  portion  which  distils  at 
164°  C.  (809°  F.). 

Collidine,  C,HnN. — Oily  base  rery  similar  to  the  preceding  ones.  Boil- 
ing point  179°  C.  (364°  F.). 

To  the  same  series  also  belongs  an  oily  base,  lately  isolated  by  Mr.  G. 
Greville  Williams  from  the  basic  products  of  the  distillation  of  Dorsetshire 
shale,  and  described  by  him  under  the  name  of  parvolme.  Parvoline  is 
said  to  contain  C^H^N. 

It  will  be  observed  that  these  bases,  the  constituent  radicals  of  which 
are  not  yet  clearly  made  out,  are  isomeric  with  the  homologues  of  aniline. 

T  .  C6H5N  .  Pyridine. 

Aniline  .  CfH7N  .  Picoline. 

Toluidine  .  CTH,N  .  Lutidine. 

Xylidine  .  CtH„N  .  Collidine. 

Cumidine  .  <yi«N  .  Parvoline. 

Cymidine  .  C10u]ftN. 

The  first  term  of  the  aniline  series,  and  the  last  of  the  pyridine  series, 
are  unknown.  The  bases  of  the  aniline  series  are  primary,  those  of  the 
pyridine  series  tertiary  monamines. 

Pybeol,  C4H6N.  —  This  substance  was  first  obssrved  by  Runge  in  coal- 
tar;  Anderson  afterward  obtained  it  from  animal  oil.  It  has  the  proper- 
ties of  a  very  weak  base,  the  compounds  of  which  with  acids  are  destroyed 
by  boiling  with  water.  To  prepare  pyrrol,  the  bases  of  animal  oil  are  dis- 
solved in  sulphuric  acid ;  the  solution,  when  submitted  to  protracted  ebulli- 
tion, retains  the  stronger  bases,  allowing  the  pyrrol  to  pass  over.  The 
distillate  is  heated  with  solid  potassium  hydrate,  when  the  pyrrol  combines 
slowly  with  the  alkali,  admixed  impurities  being  volatilized.  By  dissolving 
the  potassium-compound  in  water,  the  pyrrol  separates  as  an  oily  liquid, 
floating  on  the  surface  of  the  solution.  Pyrrol  is  colorless,  insoluble  in 
water  and  alkalies,  slowly  soluble  in  acids :  it  has  an  ethereal  odor  resem- 
bling that  of  chloroform,  a  specific  gravity  =  1*077,  and  boils  at  133°  C. 
(271°  F.).  Pyrrol  is  easily  recognized  by  the  purple  color  which  it  imparts 
to  fir-wood  moistened  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol,  a  red,  flaky  substance,  pyrrol-red, 
is  produced,  containing  C„HMN,0,,  the  formation  of  which  is  represented 
by  the  following  equation : 

ZCfiJl        +        H,0        =        C12HMN,0        +        NHr 
68* 
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BASIS  OBTAINED  BY  THB  ACTION  OF  AMMONIA  UPON  ALDKHYDE& 

The  bodies  called  kgdrasmdet,  produced  by  the  action  of  ammonia  on  far- 
fnrol  (p.  695),  and  on  the  aldehydes  of  the  aromatic  series,  are  neutral 
substances,  not  capable  of  uniting  with  acids ;  but,  when  boiled  with  aque- 
ous potash,  they  are  converted,  without  addition  or  abstraction  of  any  ele- 
ments whatever,  into  isomeric  compounds,  which  are  strong  bases,  com- 
bining readily  with  acids  and  forming  definite  salts. 

FuBruftin,  CuHisN,0l,*  is  formed  in  the  manner  just  described  from 
furfuramide,  a  hydramide  obtained  by  the  action  of  ammonia  on  furfnrol 
(p.  696).  It  is  a  powerful  organio  base,  forming  with  acids  a  series  of 
beautiful  crystallisable  salts,  decomposing  at  a  boiling  heat  the  saline 
compounds  of  ammonia.  Furfurine  is  very  sparingly  soluble  in  cold  water, 
but  dissolves  in  about  186  parts  at  about  100°.  Alcohol  and  ether  dissolve 
it  freely:  the  solutions  have  a  strong  alkaline  reaction.  It  melts  below 
the  boiling  point  of  water,  and,  when  strongly  heated,  inflames  and  burns 
with  a  red  and  smoky  light,  leaving  but  little  charcoal.  Its  salts  are  in- 
tensely bitter. 

Amabivs  (Behzolink),  C„H18Nr  —  Hydrobenzamide,  produced  by  the 
action  of  ammonia  on  pure  bitter-almond  oil  (p.  690),  when  long  boiled 
with  a  solution  of  caustic  potash,  suffers  the  same  kind  of  change  as  fur- 
furamide,  becoming  entirely  converted  into  the  isomeric  base  called  ama- 
rine. Precipitated  by  ammonia  from  a  cold  solution  of  the  hydrochloride 
or  sulphate,  amarine  separates  in  white  curdy  masses,  which  when  washed 
and  dried  become  greatly  reduced  in  volume.  In  this  state  it  becomes 
strongly  electric  by  friction  with  a  spatula.  It  is  insoluble  in  water,  but 
dissolves  abundantly  in  alcohol:  the  solution  is  highly  alkaline  to  test- 
paper,  and  if  sufficiently  concentrated,  deposits  the  amarine  on  standing  in 
small,  colorless,  prismatic  crystals.  Below  100°  it  melts,  and  on  cooling 
assumes  a  glassy  or  resinous  condition.  Strongly  heated  in  a  retort,  it  de- 
composes, with  production  of  ammonia,  a  volatile  oil  not  yet  examined, 
and  a  new  body,  pyrobmzolme  or  lophint,  C,,H16NS  (?),  which  appears  to  be 
a  feebly  basic  substance,  insoluble  in  water,  soluble  in  boiling  alcohol.  It 
is  fusible  by  moderate  heat,  and  on  cooling  becomes  a  mass  of  colorless 
radiating  needles  or  plates.  The  salts  of  amarine  are  mostly  sparingly 
soluble;  the  sulphate,  nitrate,  and  hydrochloride  are  crystaUixable  and 
very  definite. 

Thialdinb,  CtHuNS,.  —  This  base  is  obtained  by  dissolving  the  crystal- 
line compound  of  aldehyde  with  ammonia  (p.  687)  in  from  12  to  16  parts 
of  water,  mixing  the  solution  with  a  few  arops  of  caustio  ammonia,  and 
then  subjecting  the  whole  to  a  feeble  stream  of  sulphuretted  hydrogen. 
After  a  time  the  liquid  becomes  turbid,  and  deposits  thialdiue  as  a  white 
crystalline  substance.  It  is  separated,  washed,  dissolved  in  ether,  and  the 
solution  mixed  with  alcohol  and  left  to  evaporate  spontaneously,  by  which 
means  the  base  is  obtained  in  large,  regular,  rhombic  crystals,  having  the 
form  of  gypsum.  The  crystals  are  heavier  than  water,  transparent  and 
colorless.  They  refract  light  strongly.  Thialdine  has  a  somewhat  aro- 
matic odor,  melts  at  43*3°,  and  volatilises  slowly  at  common  temperatures. 
It  distils  unchanged  with  the  vapor  of  water,  but  decomposes  when  heated 
alone.  It  is  very  sparingly  soluble  in  water,  easily  in  alcohol  and  ether. 
It  has  no  action  on  vegetable  colors,  but  dissolves  freely  in  acids,  forming 
crystaUixable  salts.    Heated  with  slaked  lime,  it  is  said  to  yield  chinoline. 

A  very  similar  compound  containing  selenium  has  been  prepared. 

•  Thin  remarkable  etihttaace,  the  nearest  approach  to  the  native  alkaloids  yet  made,  wai 
discovered  bjr  the  author  0*1""*  "      " 
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Alalihi,  CsH7NOr  produced  by  treating  acetic  aldehyde  with  hydro- 
cyanic and  hydrochloric  acids,  and  leucine,  C6HuNO,,  obtained,  in  like 
manner,  from  valeric  aldehyde,  are  likewise  bases,  forming  definite  salts 
with  acids ;  but  they  are  also  acids,  capable  of  forming  salts  by  exchanging 
their  hydrogen  for  metals ;  they  have  indeed  the  composition  of  amido- 
propionio  and  amidocaproic  acids,  and  as  such  have  been  already  de- 
scribed (pp.  615,  619).  Glycocinr.,  C,HsNOt  (p.  614),  is  another  body  of  the 
same  series,  and  possessing  similar  properties. 


IL — Natural  Organio  Bases,  or  Alkaloids. 

The  organio  alkaloids  constitute  a  remarkable  and  most  interesting  group 
of  bodies:  they  are  met  with  in  various  plants,  some  of  them  also  in  the 
animal  organism.  They  are,  for  the  most  part,  sparingly  soluble  in  water, 
but  dissolve  in  hot  alcohol,  from  which  they  often  crystallize  in  a  very 
beautiful  manner  on  cooling.  Several  of  them,  however,  are  oily,  volatile 
liquids.  The  taste  of  the  vegeto-alkalies,  when  in  solution,  is  usually  in- 
tensely bitter,  and  their  action  upon  the  animal  economy  exceedingly  ener- 
getic. They  all  contain  a  considerable  quantity  of  nitrogen,  and  are  very 
complicated  in  constitution,  having  high  combining  numbers.  This  class 
of  bodies  is  very  numerous ;  but  the  limits  of  this  elementary  work  permit 
us  to  study  only  the  more  important  members  included  in  it. 

None  of  the  organio  bases  occurring  in  plants  have  yet  been  formed  by 
artificial  means  ;  and  their  constitution  is  far  from  being  completely  under- 
stood. There  can  be  no  doubt,  however,  that  the  natural  alkaloids,  like 
the  artificial  bases,  are  substitution-products  of  ammonia.  Many  of  them, 
when  submitted  to  the  action  of  methyl  or  ethyl  iodide,  are  capable  of  ab- 
sorbing a  smaller  or  greater  number  of  equivalents  of  methyl  and  ethyl, 
and  their  deportment  with  these  alcohol-iodides  permits  us  to  ascertain 
with  great  precision  their  degree  of  substitution.  If  a  natural  alkaloid, 
when  submitted  to  the  action  of  ethyl  iodide,  be  found  to  require  for  con- 
version into  a  base  of  the  formula, 


■81 


OH, 


either  1,  or  2,  or  3  equivalents  of  ethyl,  we  may  infer  that  the  alkaloid  in 
question  belongs  to  the  class  of  bases  represented  by  the  formulas : 

N4B  or  nIb  or  nJh 

lc  u  u 

i.  «.,  that  it  is  a  tertiary,  a  secondary,  or  a  primary  monamine.  All  natu- 
ral alkaloids  which  have  been  examined,  with  the  exception  of  conine,  are 
tertiary  bases. 

Korphlne,  or  Morphia,  C1THwN08. — This  is  the  chief  active  principle 
of  opium :  it  is  the  most  characteristic  body  of  the  group,  and  the  earliest 
known,  dating  back  to  the  year  1804,  when  it  was  discovered  by  Serturner. 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very  complicated 
substance,  containing,  besides  morphine,  a  host  of  other  alkaloids  in  very 
variable  quantities,  combined  with  sulphuric  acid  and  meconic  acid  (p.  679). 
In  addition  to  these,  there  are  gummy,  resinous,  and  coloring  matters, 
caoutchouc,  &c,  besides  mechanical  impurities,  an  chopped  leaves.     The 
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opium  of  Turkey  is  the  most  valuable,  mad  contains  the  largest  quantity  of 
morphine:  the  opiums  of  Egypt  and  of  India  are  considerably  inferior. 
Opium  has  been  produced  in  England  of  the  finest  quality,  but  at  great  cost. 

If  ammonia  be  added  to  a  clear,  aqueous  infusion  of  opium,  a  rery  abun- 
dant buff-colored  or  brownish-white  precipitate  falls,  which  consists  prin- 
cipally of  morphine  and  narcotine,  rendered  insoluble  by  the  withdrawal 
of  the  acid.  The  product  is  too  impure,  however,  for  use.  The  chief  dif- 
ficulty in  the  preparation  of  these  substances  is  to  get  rid  of  the  coloring 
matter,  whioh  adheres  with  great  obstinacy,  redissobring  with  the  precipi- 
tates, and  being  again  in  part  thrown  down  when  the  solutions  are  satu- 
rated with  an  alkali.  The  following  method,  which  succeeds  well  upon  a 
small  scale,  will  scire  to  give  the  student  some  idea  of  a  process  very  com- 
monly pursued  when  it  is  desired  to  isolate  at  once  an  insoluble  organic 
base,  and  the  acid  with  which  it  is  in  combination :  A  filtered  solution  of 
opium  in  tepid  water  is  mixed  with  lead  acetate  in  excess ;  the  precipitated 
lead  meconate  is  separated  by  a  filter,  and  through  the  solution  containing 
morphine  acetate,  now  freed  to  a  considerable  extent  from  color,  a  stream 
of  sulphuretted  hydrogen  is  passed.  The  filtered  and  nearly  colorless 
liquid,  from  which  the  lead  has  been  thus  removed,  may  be  warmed  to  ex- 
pel the  excess  of  gas,  once  more  filtered,  and  then  mixed  with  a  slight 
excess  of  caustic  ammonia,  which  throws  down  the  morphine  and  narco- 
tine :  these  may  be  separated  by  boiling  ether,  in  which  the  latter  is  solu- 
ble. The  lead  meconate,  well  washed,  suspended  in  water,  and  decomposed 
by  sulphuretted  hydrogen,  yields  a  solution  of  meconic  acid. 

Morphine  and  its  salts  are  advantageously  prepared,  on  the  large  scale, 
by  the  process  of  Dr.  Gregory.  A  strong  infusion  of  opium  is  mixed  with 
a  solution  of  calcium  chloride,  free  from  iron ;  calcium  meconate,  which  is 
nearly  insoluble,  then  separates,  while  the  hydrochloric  acid  is  transferred 
to  the  alkaloids.  By  duly  concentrating  the  filtered  solution,  the  hydro- 
chloride of  morphine  may  be  made  to  crystallize,  while  the  narcotine  and 
other  bodies  are  left  behind.  Repeated  recrystallization,  and  the  use  of 
animal  charcoal,  then  suffice  to  whiten  and  purify  the  salt,  from  which  the 
base  may  be  precipitated  in  the  pure  state  by  ammonia.  Other  processes 
have  been  proposed,  as  that  of  Si.  Thiboumery,  which  consists  in  adding 
slaked  lime  in  excess  to  an  infusion  of  opium,  by  which  the  meconic  acid  is 
rendered  insoluble,  while  the  morphine  is  taken  up  with  ease  by  the  alka- 
line earth.  By  exactly  neutralizing  the  filtered  solution  with  hydrochloric 
acid,  the  morphine  is  precipitated,  but  in  a  somewhat  colored  state. 

Morphine,  when  crystallized  from  alcohol,  forms  small  but  very  brilliant 
prismatic  crystals,  whioh  are  transparent  and  colorless.  It  requires  at 
least  1000  parts  of  water  for  solution,  tastes  slightly  bitter,  and  has  an 
alkaline  reaction.  These  effects  are  much  more  evident  in  the  alcoholic 
solution.  It  dissolves  in  about  30  parts  of  boiling  alcohol,  and  with  great 
facility  in  dilute  acids ;  it  is  also  dissolved  by  excess  of  caustic  potash  or 
soda,  but  scarcely  by  excess  of  ammonia.  When  heated  in  the  air,  mor- 
phine melts,  inflames  like  a  resin,  and  leaves  a  small  quantity  of  charcoal, 
which  easily  burns  away. 

Morphine  in  powder  strikes  a  deep-bluish  color  with  neutral  ferric  salts, 
decomposes  iodic  acid  with  liberatiou  of  iodine,  and  forms  a  deep-yellow 
.  or  red  compound  with  nitric  acid :  these  reactions  are  by  Borne  considered 
characteristic. 

Crystallized  morphine  contains  C^H-NO,.  HsO. 

The  most  characteristic  and  best-aefined  salt  of  this  base  is  the  hydro- 
chloride. It  crystallizes  in  slender,  colorless  needles,  arranged  in  tufts  or 
stellated  groups,  soluble  in  about  20  parts  of  cold  water,  and  in  its  own 
weight  at  the  boiling  heat.  The  crystals  contain  3  molecules  of  water. 
The  inlphaU,  nitrate,  and/>*Ma^|s^frf|rftt*llizable  salts:  the  acetate  crya- 
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tallizes  with  great  difficulty,  and  is  usually  sold  in  the  state  of  a  dry  pow- 
der.    The  artificial  meeonate  is  sometimes  prepared  for  medicinal  use. 

An  alcoholic  solution  of  morphine,  heated  in  sealed  tubes  with  methyl 
iodide,  forms  a  crystalline  compound,  CjgHjjNO^I  =  C„(H19CH8)N08I;  this 
substance  yields,  with  silver  oxide,  a  very  alkaline  solution,  obviously  con- 
taining an  ammonium  base.  Morphine  is  therefore  a  tertiary  amine,  the 
group  C^H^O,  representing  one  or  several  radicals,  which  are  together 
capable  of  replacing  8  atoms  of  hydrogen. 

Nareotine. —  The  marc,  or  insoluble  portion  of  opium,  contains  much 
narcotine,  which  may  be  extracted  by  boiling  with  dilute  acetic  acid.  From 
the  filtered  solution  the  narcotine  is  precipitated  by  ammonia,  and  after- 
wards purified  by  solution  in  boiling  alcohol,  and  filtration  through  animal 
charcoal.  Narcotine  crystallizes  in  small,  colorless,  brilliant  prisms,  which 
are  nearly  insoluble  in  water.  The  basic  powers  of  narcotine  are  very 
feeble :  it  is  destitute  of  alkaline  reaction,  and  although  freely  soluble  in 
acids,  refuses,  for  the  most  part,  to  form  with  them  crystallizable  com- 
pounds. 

According  to  Matthiessen  and  Foster,  narcotine  contains  C„HaNOr 
Narcotine  yields  some  curious  products  by  the  action  of  oxidizing  agents, 
as  a  mixture  of  dilute  sulphuric  acid  and  manganese  dioxide,  or  a  hot  solu- 
tion of  platinic  chloride.  They  have  been  chiefly  studied  by  Wohler,  Blyth, 
Anderson,  and  lately  also  by  Matthiessen  and  Foster.  The  most  important 
of  these  is  opianic  acid,  a  substance  forming  colorless,  prismatic,  reticulated 
crystals,  sparingly  soluble  in  cold,  easily  in  hot  water.  It  melts  when 
heated,  but  does  not  sublime.  After  fusion  it  becomes  quite  insoluble  in 
dilate  alkalies,  but  without  change  of  composition.  This  acid  forms  crys- 
tallizable salts  and  an  ether :  it  contains  CwHl0O5.  The  ammonia-salt,  by 
evaporation  to  dryness,  yields  a  nearly  white  insoluble  powder,  called 
opiammone,  containing  C^H^NOg,  convertible  by  strong  acids  into  opianic 
acid  and  ammonia.  Sulphurous  acid  yields  with  opianic  acid  two  products 
containing  sulphur.  A  basic  substance,  cotarnine,  C^H^NO,,  is  contained 
in  the  mother-liquor  from  which  opianic  acid  has  crystallized :  it  forms  a 
yellow  crystalline  mass,  very  soluble,  of  bitter  taste,  and  feebly  alkaline 
reaction.  Its  hydrochloride  is  a  well-defined  salt.  The  transformation  of 
narcotine  into  opianic  acid  and  cot  amine  is  represented  by  the  equation : 

CaH.NO,        +        0        .-=        C^O,        +        CI2H„NO,. 

Another  basio  substance,  narcogcnine,  was  accidentally  produced  in  an  at- 
tempt to  prepare  cotarnine  with  platinic  chloride.  It  formed  long  orange- 
colored  needles,  and  contained  C,SH|9N05. 

By  heating  opianic  acid  with  a  strong  solution  of  potash,  it  is  converted 
into  a  crystallizable  neutral  and  volatile  substance  called  meconin,  QJdyfi^ 
and  a  bibasio  crystallizable  acid,  termed  hemipinic  acid,  Cl0H10O€: 

2CwHwOft        =a        C10H10O4        +        C.oH^. 

Hemipinic  acid,  treated  with  hydriodic  acid,  splits  up  into  methyl  iodide, 
carbonic  acid,  and  hypogallic,  C7H0O4,  the  relation  of  which  to  gallic  acid 
has  already  been  mentioned  (p.  667).  When  cotarnine  is  gently  heated 
with  very  dilute  nitric  acid,  it  is  converted  into  methylamine  nitrate  and  co- 
tarme  acid,  a  bibasio  acid  containing  C„HtsOs: 

CjjajX09  +  2H,0  +  NO,H  =  CHeN.NO$-h  C^H^. 

Codeine,  CttHnNOs.  —  Hydrochloride  of  morphine,  prepared  directly 
from  opium,  as  in  Gregory's  process,  contains  codeine-salt.  On  dissolving 
it  in  water,  and  adding  a  slight  excess  of  ammonia,  the  morphine  is  preci- 
pitated, and  the  codeine  left  in  solution.     Pure  codeine  crystallizes,  by 
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spontaneous  evaporation,  in  colorless  transparent  octahedrons :  it  is  soluble 
in  80  parts  of  cold,  and  17  of  boiling  water,  has  a  strong  alkaline  reac- 
tion, and  forms  crystallizable  salts. 

With  ethyl  iodide  codeine  forms  a  crystalline  iodide,  C^H^NO-I  =  C^H^ 
(CsH.)XOsI,  furnishing  with  silver  oxide  a  soluble  base.  Codeine  being 
considered  as  a  tertiary  monamine,  the  group  CuHn09  represents  3  atoms 
of  hydrogen. 

Codeine  is  homologous  with  morphine,  CBHs,NOr  It  has  been  the  sub- 
ject of  a  careful  investigation  by  Dr.  Anderson,  who  has  prepared  a  great 
number  of  its  derivatives,  all  of  which  establish  the  formula  above  given. 

Thebaino  or  Paramerphine. — This  substance  is  contained  in  the  precipi- 
tate formed  by  calcium  hydrate  in  a  strong  infusion  of  opium,  in  Thibou- 
mery's  process  for  preparing  morphine.  The  precipitate  is  well  washed, 
dissolved  in  dilute  acid,  and  mixed  with  ammonia  in  excess,  and  the  the- 
baine  is  thrown  down  crystallized  from  alcohol.  When  pure,  it  forms 
colorless  needles  like  those  of  narcotine,  but  sparingly  soluble  in  water, 
readily  soluble  in  the  cold  in  alcohol  and  ether.  It  melt*  when  heated,  and 
decomposes  at  a  high  temperature.  With  dilute  acids  it  forms  crystallis- 
able  compounds,  and  when  isolated  and  in  solution  has  a  powerfully  alka- 
line reaction. 

A  series  of  other  bases,  papaverine,  CMH„N04,  pseudo-morphine,  narceiac, 
CnUJSOr  opianine,  and  porphyroxine,  are  also — at  least  occasionally  — 
contained  in  opium :  they  are  of  small  importance,  and  comparatively  little 
is  known  respecting  them.  A  considerable  number  of  derivatives  of  papa- 
verine have  been  prepared,  which  confirm  the  formula  above  given  for  it. 

Cinoaonine  and  Quinine.  —  It  is  to  these  vegeto-alkalies  that  the  valuable 
medicinal  properties  of  the  Peruvian  barks  are  due.  They  are  associated 
in  the  barks  with  sulphuric  acid,  and  with  a  special  acid,  called  the  atonic 
or  kinie.  Cinchonine  is  contained  in  largest  quantity  in  the  pale  bark,  or 
Cinchona  condaminea;  quinine  in  the  yellow  bark,  or  Cinchona  cordifolia; 
the  Cinchona  oblongifoUa  contains  both. 

The  simplest,  but  not  the  most  economical,  method  of  preparing  these 
substances  is  to  add  a  slight  excess  of  calcium  hydrate  to  a  strong  decoc- 
tion of  the  ground  bark  in  acidulated  water,  wash  the  precipitate  which 
ensues,  and  boil  it  in  alcohol.  The  solution,  filtered  while  hot,  deposits 
the  vegeto-alkali  on  cooling.  When  both  bases  are  present,  they  may  be 
separated  by  converting  them  into  sulphates :  the  quinine-salt  is  the  less 
soluble  of  the  two,  and  crystallizes  first. 

Pure  cinchonine,  or  cinchonia,  crystallizes  in  small,  but  beautifully  bril- 
liant, transparent,  four-sided  prisms.  It  is  but  very  feebly  soluble  in 
water,  dissolves  readily  in  boiling  alcohol,  and  has  but  little  taste,  although 
its  salts  are  excessively  bitter.  It  is  a  powerful  base,  neutralising  adds 
completely,  and  forming  a  series  of  crystallizable  salts.  Cinchonine  turns 
the  plane  of  polarization  to  the  right. 

Quinine  or  quina,  much  resembles  oinchonine :  it  does  not  crystallize  so 
well,  however,  and  is  much  more  soluble  in  water :  its  taste  is  intensely 
bitter.     Quinine  turns  the  plane  of  polarization  toward  the  left. 

Cinchonine  is  composed  of     .                 .        CjqH^NjO,  and 
Quinine  of CwHt4NaOr 

Quinine  sulphate  is  manufactured  on  a  very  large  scale  for  medicinal  use : 
it  crystallizes  in  small  white  needles,  which  give  a  neutral  solution.  This 
substance  contains  2Ca)HJ;lNtO? .  S04H, .  7  Aq.  Its  solubility  is  much  in-  ' 
creased  by  the  addition  of  a  little  sulphuric  acid,  whereby  the  acid  salt, 
CjjH^NjO,  .  S04H, .  7  Aq.,  is  formed.  A  very  interesting  compound  has 
been  produced  by  Dr.  Herapath,  by  the  action  of  iodine  upon  quinine  sul~ 
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phate.  It  is  a  crystalline  substance  of  a  brilliant  emerald  color,  which 
appears  to  consist  of  equal  equivalents  of  the  sulphate  of  quinine  and  of 
iodine.  This  remarkable  compound  possesses  the  optical  properties  of  the 
tourmaline  (p.  92). 

Cinchonine  and  quinine  yield  with  methyl  iodide,  compounds  represented 
respectively  by  the  formulae  C^H^CHJNjOI  and  CJUJCH^JH  fiJL,  which 
are  converted  by  silver  oxide  into  soluble  bases  analogous  to  tetrethyl- 
ammonium  hydrate. 

Quinidine. — In  manufacturing  quinine  sulphate,  a  new  base  has  been  ob- 
tained, which  differs  from  quinine  in  some  of  its  physical  properties,  but 
is  said  to  have  the  same  composition.  It  has  been  described  under  the 
name  of  quinidine,  an  J  appears  to  have  the  same  medicinal  properties  as 
quinine.  The  substance  has  been  carefully  examined  by  Pasteur,  whose 
researches  have  led  to  the  following  interesting  results : 

The  substance  which  is  found  in  commerce  under  the  name  of  quinidine 
is  generally  a  mixture  of  two  alkaloids,  of  which  the  one  is  isomeric  with 
quinine,  and  the  other  with  oinchonine.  Pasteur  designates  these  two  sub- 
stances respectively  as  quinidine  and  cinchonidine.  They  differ  from  quinine 
and  cinchonine  in  several  properties,  but  particularly  in  their  deportment 
with  polarized  light :  for  while  quinine  turns  the  plane  of  polarization  con- 
siderably towards  the  left,  quinidine  exerts  a  powerful  action  towards  the 
right.  Again,  while  cinchonine  deflects  considerably  towards  the  right,  the 
action  of  the  isomeric  cinchonidine  is  in  the  opposite  direction  —  namely, 
towards  the  left.  It  is  evident  that  quinine  and  quinidine  on  the  one  hand, 
and  cinchonidine  and  oinchonine  on  the  other,  stand  to  each  other  in  about 
the  same  relation  as  levo-  and  dextro-tartaric  acids  (p.  677).  Nor  are  the 
terms  wanting  which  correspond  to  racemic  acid.  Pasteur  has,  in  fact, 
proved  that  both  quinine  and  quinidine,  and  likewise  cinchonine  and  cin- 
chonidine, are  peculiarly  modified  by  the  action  of  heat:  exposed  for  sev- 
eral hours  to  a  temperature  varying  between  120°  and  180°  C.  (248°-256°F.), 
quinine  and  quinidine  are  converted  into  a  third  isomeric  alkaloid,  which 
Pasteur  terms  quinicine,  while  cinchonine  and  cinchonidine  furnish  an  iso- 
meric cinchonicine  under  the  same  circumstances.  In  racemic  acid  the  right- 
handed  action  of  dextro-tartario,  and  the  left-handed  action  of  levo-tar- 
taric  acid,  are  exactly  balanced,  racemic  acid  possessing  no  longer  any  ac- 
tion upon  polarized  light :  in  quinicine  and  cinchonicine,  such  a  perfect 
balance  is  not  observed;  both  still  exert  a  feeble  right-handed  action, 
which  is,  however,  very  slight  when  compared  with  the  rotatory  powers  of 
the  alkaloids  which  give  rise  to  them.  The  following  table  exhibits  the 
relations  of  the  six  alkaloids,  and  their  analogy  with  the  raoemic  group,  in 
a  more  conspicuous  manner : 

Quinine  Quinicine  Quinidine 

Left-handed,  Right-handed,  Right-handed, 

powerfully.  feebly.  very  powerfully. 

Oinchonine  Cinchonicine  Cinchonidine 

Right-handed,  Right-handed,  Left-handed, 

very  powerfully.  feebly.  powerfully. 

Dextro- tartaric  acid    Racemic  aoid  Levo-tartaric  acid. 

Right-handed.  neutral.  Left-handed. 

Chinoidme,  Quinotdine,  or  Amorphous  quinine,  is  contained  in  the  refuse,  or 
mother-liquors,  of  the  quinine  manufacture.  In  its  purest  state  it  forms  a 
yellow  or  brown  resin  like  mass,  insoluble  in  water,  freely  soluble  in  alco- 
hol and  ether.  It  is  easily  soluble  also  in  dilute  acids,  and  is  thence  pre- 
cipitated by  ammonia.  Quinoidine  possesses  powerful  febrifuge  properties, 
and  is  identical  in  composition  with  quinine.     It  evidently  bears  to  quinine 
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the  same  relation  thai  onorystallisable  syrup  bears  to  ordinary  sugar,  being 
produced  from  quinine  by  the  heat  employed  in  the  preparation. 

From  CSuco-  or  Arica-bark,  and  likewise  from  the  Cinchona  ovata*  or  white 
quinquina  of  Condamine,  a  substance  denominated  Arictne  or  Cmchoraiau 
has  been  extracted :  it  closely  resembles  oinchonine,  and  is  said  to  contain 
C^H^N-O^  This  formula  exhibits  a  close  analogy  with  the  formula)  of 
cinchonine  and  quinine.    Aricine  is  useless  in  medicine. 

Strychnine  and  Brueins,  also  called  Strychnia  and  Brucia,  are  contained, 
together  with  several  still  imperfectly  known  bases,  in  Kux  vomica,  in  St. 
IgnatiuS  bean,  and  in  false  Anguetura  bark.  Strychnine  and  brucine  are 
generally  associated  with  a  peculiar  acid,  called  igaeuric  acid.  Kux  vomica 
seeds  are  boiled  in  dilute  sulphuric  acid  until  they  become  soft:  they  are 
then  crushed,  and  the  expressed  liquid  is  mixed  with  excess  of  calcium 
hydrate,  which  throws  down  the  alkaloids.  The  precipitate  is  boiled  in 
spirits  of  wine  of  sp.  gr.  0*850,  and  filtered  hot.  Strychnine  and  brucine 
are  then  deposited  together  in  a  colored  and  impure  state,  and  may  be  sep- 
arated by  cold  alcohol,  in  which  the  latter  dissolves  readily. 

Pure  strychnine  crystallises  under  favorable  circumstances  in  small  but 
exceedingly  brilliant  octahedral  crystals,  which  are  transparent  and  color- 
less. It  has  a  very  bitter,  somewhat  metallic  taste  (1  part  in  1,000,000 
parts  of  water  is  still  perceptible),  is  slightly  soluble  in  water,  and  fear- 
fully poisonous.  It  dissolves  in  hot,  and  somewhat  dilute  spirit,  but  not  in 
absolute  alcohol,  ether,  or  solution  of  caustic  alkali.  This  alkaloid  may  be 
readily  identified  by  moistening  a  crystal  with  concentrated  sulphuric  acid, 
and  adding  to  the  liquid  a  crystal  of  potassium  bichromate,  when  a  deep 
violet  tint  is  produced,  which  disappears  after  some  time.  Strychnine 
forms  with  acids  a  series  of  well-defined  salts,  which  were  examined  by 
Messrs.  Nicholson  and  Abel,  who  established  for  strychnine  the  formula 
C.jH^N.O,. 

Strychnine  forms  with  ethyl  iodide  a  crystalline  compound,  C^H^C,!!^ 
N,04I,  converted  by  silver  oxide  into  a  soluble  base. 

Brucine,  C-H—N,0.,  is  easily  distinguished  from  the  preceding  substance, 
which  it  mucn  resembles  in  many  respects,  by  its  ready  solubility  in  alco- 
hol, both  hydrated  and  absolute.  It  dissolves  also  in  about  600  parts  of 
hot  water.     The  salts  of  brucine  are,  for  the  most  part,  crystallizable. 

Veratrine,  or  Veratria,  C^HjjNjO,,  is  obtained  from  the  seeds  of  Veratrum 
sabadilla.  In  the  pure  state  it  is  a  white  or  yellowish-white  powder,  which 
has  a  sharp  burning  taste,  and  is  very  poisonous.  It  is  remarkable  for 
occasioning  violent  sneesing.  It  is  insoluble  in  water,  but  dissolves  in  hot 
alcohol,  in  ether,  and  in  acids :  the  solution  has  an  alkaline  reaction. 

A  substance  called  colchicine,  extracted  from  the  Colehieum  autvmnale,  and 
formerly  confounded  with  veratrine,  is  now  considered  distinct :  its  history 
is  still  imperfect. 

Hannaline,  C^H^N^O. — This  compound  is  extracted  by  dilute  acetic 
acid  from  the  seeds  of  the  Peganum  harmala,  a  plant  which  grows  abun- 
dantly on  the  Steppes  of  Southern  Russia,  and  the  seeds  of  which  are  used 
in  dyeing.  When  pure,  it  forms  yellowish  prismatic  crystals,  soluble  in 
alcohol  and  dilute  acids,  but  scarcely  forming  crystalliznble  salts.  By  oxi- 
dation it  gives  rise  to  another  compound,  harmine,  CltH  „**,(),  which  also 
possesses  basic  properties. 

Caffeine,  or  Theine,  C8HMN4Ot.  —  This  remarkable  substance  occurs  in  four 
articles  of  domestic  life,  infusions  of  which  are  used  as  beverages  over  the 
greater  part  of  the  known  world — namely,  in  tea  and  coffee,  in  the  leaves 
of  Guar  ana  oficmalis,  or  Paullinia  sorbilU,  and  in  those  of  Ilex  Paraguay  entu  ; 
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it  will  probably  be  found  in  other  plants.  A  decootion  of  common  tea,  or 
of  raw  coffee-berries,  previously  crashed,  is  mixed  with  excess  of  solution 
of  basic  lead  acetate.  The  solution,  filtered  from  the  copious  yellow  or 
greenish  precipitate,  is  treated  with  sulphuretted  hydrogen  to  remove  the 
lead,  then  filtered,  evaporated  to  a  small  bulk,  and  neutralized  by  ammo- 
nia. The  caffeine  crystallites  e\it  on  cooling,  and  is  easily  purified  by 
animal  oharcoal.  It  forms  tufts  of  delicate,  white,  silky  needles,  which 
have  a  bitter  taste,  melt  when  heated  with  loss  of  water,  and  sublime  with- 
out decomposition.  It  is  soluble  in  about  100  parts  of  cold  water,  and 
much  more  easily  at  the  boiling  heat,  or  if  an  acid  be  present.  Aloohol 
also  dissolves  it,  but  not  easily.  The  basio  properties  of  caffeine  are  fee- 
ble. The  salts  which  it  forms  with  hydrochloric  and  sulphuric  acids  are 
obtained  only  with  difficulty.  It  forms,  however,  splendid  double  salts 
with  platinum  tetrachloride  and  gold  trichloride.  The  products  of  oxida- 
tion of  caffeine,  which  have  been  studied  by  Rochleder,  are  of  considerable 
interest,  inasmuch  as  both  their  composition  and  their  properties  establish 
a  close  connection  between  these  products  and  the  derivatives  of  uric  acid. 
Under  the  influence  of  chlorine,  caffeine  yields  amaUc  add,  a  substance  of 
feebly  acid  properties,  having  the  composition  of  hydrated  tetramethyl- 
alloxantin,  C8(CHt)4N40j .  Aq.  When  treated  with  oxidizing  agents,  it 
yields  eholettrophane,  C6H€N2Or  corresponding  to  parabanic  acid  of  the  uric 
acid  series.  Cholestrophane  may  be  viewed  as  dimethyl-parabanio  acid ; 
it  has,  in  fact,  been  obtained  by  digesting  silver  parabanate  with  methyl 
iodide: 

CjAgjNjO,  +  2CH,I  ss  2AgI  +   C5H0N,Or 

Lastly,  the  mnrexide  of  the  caffeine  series  is  formed  by  the  treatment  of 
amalic  acid  with  ammonia,  exactly  as  the  true  murexide  from  urio  acid  is 
formed  by  the  action  of  ammonia  upon  alloxantin.  The  new  murexide 
imitates  its  prototype,  not  only  in  composition,  but  likewise  in  the  green 
metallic  lustre  of  its  crystals,  and  the  deep  crimson  color  of  its  solutions. 

Theobromine.  —  The  seeds  of  the  Theobroma  Cacao,  or  cacao-nuts,  from 
which  chocolate  is  prepared,  contain  a  crystallizable  principle,  to  which 
this  name  is  given.  It  is  extraoted  in  the  same  manner  as  caffeine,  and 
forms  a  white,  crystalline  powder,  which  is  much  less  soluble  than  the  last- 
named  substance.  It  contains,  according  to  Glasson,  CTHtN40,.  Theobro- 
mine is  easily  soluble  in  aqueous  ammonia;  by  adding  silver  nitrate  to  this 
solution,  and  boiling,  a  crystalline  precipitate  of  silver-theobromine,  C7HT 
AgN4Or  is  obtained.  By  treating  this  silver  compound  with  methyl  iodide, 
Strecker  obtained  silver  iodide  and  caffeine:  C.H7AgN402  -(-  CH8I  =  Agl 
+  C8HwN4Or  which  may  be  extracted  with  alcohol.  Caffeine  must  there- 
fore be  regarded  as  methyl-theobromine.  The  products  obtained  from 
theobromine  by  oxidation  appear  to  be  homologous  with  several  terms  of 
the  uric  acid  series. 

Xanthine,  C5H4N4Or  — Xanthine  was  first  described  by  Dr.  Marcet  under 
the  name  of  xantbio  oxide,  which  he  discovered  as  a  constituent  of  urinary 
calculi;  recently  it  has  been  found  among  the  products  of  the  decomposi- 
tion of  guanine.  It  is  present  in  nearly  every  part  of  the  animal  organism, 
and,  although  in  very  minute  quantities,  in  urine. 

Xanthine,  according  to  Strecker,  may  be  prepared  with  the  greatest 
facility  from  guanine  (p.  768).  Potassium  nitrite  is  added  to  a  solution  of 
gnanine  in  concentrated  nitric  acid  until  a  powerful  evolution  of  red  fumes 
takes  place:  the  solution  is  then  mixed  with  a  large  quantity  of  water, 
whereby  a  yellow  substance  is  precipitated,  which,  after  washing  with  wa- 
ter, is  dissolved  in  ammonia.    A  solution  of  ferrous  sulphate  is  now  added 
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until  a  black  precipitate  of  iron  oxide  begins  to  appear.*  The  sfiB  power- 
fully ammoniacal  eolation  is  filtered  and  evaporated  to  dryness ;  and  the 
residue  is  extracted  with  water  in  order  to  separate  the  ammonium  sulphate ; 
then  dissolved  in  ammonia,  and  evaporated.  Xanthine  is  a  white,  amor- 
phous powder,  difficultly  soluble  in  water,  soluble  in  acids,  with  which  it 
forms  crystalline  oompounds.  The  sulphate  has  the  composition  2C5H4N4 
O, .  804Hr  Xanthine  dissolves  with  facility  in  ammonia  and  potash.  Its 
characteristic  property  is  to  dissolve  without  evolution  of  gas  in  nitric  acid, 
and  to  give  on  evaporation  a  deep-yellow  residue,  which,  on  addition  of 
ammonia  or  solution  of  potash,  assumes  a  yellow-red  color.  By  treatment 
of  silver-xan  thine,  C.H^Ag,N4Hr  with  methyl  iodide,  Strecker  obtained  a 
body  isomeric  with  theobromine,  differing,  however,  in  its  properties  from 
that  substance: 

Cfl^gflfli  +  SCH*1  =  2AgJ  +  <W*40r 
larelne  (Hypoxanthine),  C6H4N40.  —  This  base  is  a  constituent  of  the 
flesh  of  vertebrata.  It  is  best  prepared  from  the  mother-liquor  of  creatin 
(p.  902),  by  diluting  with  water  and  boiling  with  cuprio  acetate,  whereby 
the  sarcine  is  precipitated  in  combination  with  cupric  oxide.  This  preci- 
pitate is  dissolved  in  nitric  acid  and  mixed  with  silver  nitrate;  the  crys- 
tals, a  compound  of  sarcine  nitrate  with  silver  nitrate,  are  purified  by 
re-cry stallixation  from  nitric  acid,  and  are  then,  by  ebullition  with  an  am- 
moniacal solution  of  silver  nitrate,  converted  into  the  compound  of  sarcine 
with  silver  oxide,  C6H4N40 .  Ag,0,  which  is  decomposed  by  sulphuretted 
hydrogen. 

Sarcine  forms  delicate  white  microscopic  needles,  difficultly  soluble  in 
cold  water,  easily  soluble  in  boiling  water,  in  dilute  acids,  ammonia,  pot- 
ash, and  baryta-water.  Sarcine  forms  crystallisable  salts,  containing  1 
equivalent  of  acid.  It  unites  with  bases,  like  guanine,  forming  crystalline 
compounds  containing  2  equivalents  of  metallic  oxide. 

Guanine,  C4H«NftO. —  This  base  was  first  obtained  from  guano;  it  has 
also  been  proved  to  exist  in  the  pancreatic  juice  of  mammalia,  and  in  the 
excrement  of  the  spider.  To  prepare  it,  guano  is  boiled  with  water  and 
calcium  hydrate  until  a  portion  of  the  liquid,  when  filtered,  appears  but 
slightly  colored :  the  whole  is  then  filtered,  and  the  filtrate  saturated  with 
acetic  acid,  whereby  the  guanine  is  precipitated,  mixed  with  uric  acid.  It 
is  purified  by  solution  in  hydrochloric  acid  and  precipitation  by  ammonia. 

Guanine  is  a  colorless,  crystalline  powder,  insoluble  in  water,  alcohol, 
ether,  and  ammonia,  soluble  in  acids  and  solution  of  potash.  With  acids 
it  forms  crystallisable  salts  containing  1  and  2  equivalents  of  acid :  it  com- 
bines with  bases  to  crystalline  compounds  containing  2  equivalents  of  metal- 
lic oxide. 

Guanine,  sarcine,  and  xanthine  bear  a  great  resemblance  to  each  other, 
and  are  all  found  in  the  animal  organism.  Guanine,  on  account  of  its  in- 
solubility in  water  and  ammonia,  may  easily  be  separated  from  the  two 
other  substances.  To  separate  xanthine  and  sarcine,  they  are  converted 
into  the  hydrochlorides,  which  are  treated  with  warm  water :  xanthine  hy- 
drochloride is  so  little  soluble  in  that  liquid,  that  it  may  easily  be  separated 
from  the  admixed  sarcine  hydrochloride. 

Guanidine,  CH.N..  —This  substance  is  prepared  from  guanine.  Guanine 
is  treated  with  hydrochloric  acid  and  potassium  chlorate,  whereby  it  is  con- 
verted into  a  mixture  of  guanidine  and  parabanio  acid.  As  soon  as  the 
guanine  is  completely  dissolved,  the  liquid  is  evaporated  till  the  parabanic 

•  TIm  tmrtsMUt  otrmata*  with  nltrte  add  givei  rtoe  to  xanthine  sad  nttroxanthtae,  which 

aUtftrtaapavon. 
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add  has  crystallised  out.  The  mother-liquor  is  treated  with  a  mixture  of 
alcohol  and  ether,  which,  separated  from  the  residue  and  evaporated, 
yields  on  evaporation  the  crude  guanidine  hydrochloride.  The  hydro- 
chloride may,  by  digestion  with  silver  sulphate,  be  converted  into  the 
sulphate,  and  the  latter  finally  into  the  free  base  by  addition  of  baryta- 
water. 

Guanidine  thus  prepared  forms  colorless  crystals,  readily  soluble  in  water 
and  alcohol ;  the  solution  has  a  powerfully  alkaline  reaction.  It  absorbs 
carbonic  acid  from  the  air,  forming  a  carbonate  2CHBN8  .  HXOr  which  has 
an  alkaline  reaction,  and  crystallizes  in  square  prisms.  The  transforma- 
tion of  guanine  into  parabanio  acid  and  guanidine  is  represented  by  the 
following  equation: 

C6H5N,0     -f    08    +     H,0    =     C8H,NfO,    +    CHSN,    -f    CO,. 

Trtethylgvanidme.  —  The  action  of  sodium  aloohol  upon  ethyl  oyanate  or 
cyannrate  gives  rise  to  a  base  having  the  composition  C7H1TNS,  which  is 
that  of  triethylguanidine  (oarbotriethyltriamine).  It  is  formed  according 
to  the  following  equation : 

3CN(C,H§)0  +  2C,H5NaO  =  CtH„N,  +  2CtH4  +  CO,  +  Na,CO,. 

Creatin,  C4H9N8Oa .  2  Aq. —  Creatin  was  first  observed  by  Chevreul,  and 
has  been  studied  very  carefully  by  Liebig,  who  obtained  it  from  the  soup 
of  boiled  meat.  It  is  prepared  from  the  juice  of  raw  flesh  by  the  follow- 
ing process :  A  large  quantity  of  lean  flesh  is  cut  up  into  shreds,  exhausted 
by  successive  portions  of  cold  water,  strained  and  pressed.  The  liquid, 
which  has  an  acid  reaction,  is  heated  to  coagulate  albumin  and  coloring 
matter  of  blood,  and  passed  through  a  cloth.  It  is  then  mixed  with  pure 
baryta-water  as  long  as  a  precipitate  appears,  filtered  from  the  deposit  of 
phosphates,  and  evaporated  in  a  water-bath  to  a  syrupy  state.  After 
standing  some  days  in  a  warm  situation,  the  creatin  is  gradually  deposited 
in  crystals,  which  are  easily  purified  by  re-solution  in  water  and  digestion 
with  a  little  animal  charcoal.  * 

When  pare,  creatin  forms  colorless,  brilliant,  prismatic  crystals,  which 
become  dull  by  loss  of  water  at  100°.  They  dissolve  readily  in  boiling 
water,  sparingly  in  cold  water,  and  are  but  little  soluble  in  alcohol.  The 
aqueous  solution  has  a  weak  bitter  taste,  followed  by  a  somewhat  acrid 
sensation.  In  an  impure  state  the  solution  readily  putrefies.  Creatin  is  a 
neutral  body,  not  combining  either  with  acids  or  with  alkalies.  In  the 
crystallized  state  it  contains  C4H9NsO,  .  2HtO. 

Creatinine,  C4H7N,0.  —  By  the  action  of  strong  acids,  creatin  is  converted  ' 
into  creatinine,  a  powerful  organic  base,  with  separation  of  the  elements  of 
water.     The  new  substance  forms  colorless  prismatic  crystals,  and  is  much 
more  soluble  in  water  than  creatin:  it  has  a  strong  alkaline  reaction,  and 
forms  crystallizable  salts  with  acids 

Creatinine  pre-exists  to  a  small  extent  in  the  juice  of  flesh,  together 
with  lactic  acid  and  other  bodies  not  yet  perfectly  examined.  It  is  also 
found  in  conjunction  with  creatin  in  urine. 

Sareosine,  CtrITNOr  formed  by  boiling  creatin  with  baryta-water,  has 
the  composition  of  methyl-glycocine  or  methyl-amidacetic  acid,  C,H4(CIfj) 
NOr  and  has  been  already  described  among  the  derivatives  of  acetic  acid 
(p.  614). 

*  The  mother-liquid  from  flesh  from  which  the  creatin  has  been  deposited  contains,  among 
other  things,  a  new  acid,  the  inotinic,  the  aqueous  solution  of  which  refuses  to  crystallise.  It 
bee  a  strong  acid  reaction,  and  is  precipitated  in  a  white  amorphous  condition  by  alcohol.  It 
ovateM  j  contains  QsjEmNsOu. 
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Berbarine,  CnHvNOft,  is  a  substance  crystallising  in  fine  yellow  needles, 
■lightly  soluble  in  water,  extracted  from  the  root  of  the  Berberia  vulgaru. 
It  has  feeble  basic  properties.  This  must  not  be  confounded  with  bebeerine, 
an  uncrystalliiable  basic  substance,  from  the  bark  of  the  green-heart  tree  of 
Guiana,  which  has  the  composition  C19HslKOs. 

Pipeline,  C^H-gN/),.  —  A  colorless,  or  slightly  yellow  crystallixable  prin- 
ciple, extracted  from  pepper  by  the  aid  of  alcohol.  It  is  insoluble  in  water. 
Piperine  readily  dissolves  in  acids;  definite  compounds  are,  however,  dif- 
ficult to  obtain. 

Conine  (Conidne,  or  Coma),  Nicotine,  and  Sparteine  differ  from  the  other 
vegetable  bases  in  physical  characters :  they  are  volatile  oily  liquids.  The 
first  is  extracted  from  hemlock,  the  second  from  tobacco,  and  the  third 
from  broom  (Spar Hum  Scoparium).  They  agree  in  most  of  their  characters, 
having  high  boiling  points,  very  poisonous  properties,  strong  alkaline  reac- 
tion, and  the  power  of  forming  erystallisable  salts  with  acids.  The  for- 
mula of  nicotine  is  CWHMN, ;  that  of  conine,  CgHjgN ;  and  that  of  sparteine, 
CwHMNr 

Closely  allied  to  conine  is  conhydrine,  CtH,TNO,  a  crystalline  base,  ex- 
tracted by  Wertheim  from  hemlock.  When  distilled  with  anhydrous  phos- 
phoric acid,  it  splits  into  conine  and  one  molecule  of  water. 

A  mixture  of  nicotine  with  methyl  or  ethyl  iodide  solidifies  after  a  short 
time  to  crystalline  masses,  containing  C10H,4(CHJ)tN1Ir  andC^H^CjH,),!*,^ 
convertible  by  silver  oxide  into  soluble  bases. 

Conine  is  a  secondary  monamine.  Treated  with  ethyl  iodide,  it  yields 
successively  two  iodine-compounds  —  namely,  CiHl4(C,H6)NI  and  C1Hl4(C1 
HS)-NI.     The  latter  is  converted  by  silver  oxide  into  a  soluble  base. 

There  are  very  many  other  bodies,  more  or  less  perfectly  known,  having 
to  a  certain  extent  the  properties  of  alkaloids :  the  following  statement  of 
the  names  and  mode  of  occurrence  of  a  few  of  them  must  suffice. 

Ilyoecyamine  (Daturine).  — A  white,  crystalliiable  substance,  from  Hyoe- 
eyamut  niger  ;  it  occurs  likewise  in  Datura  Stramonium. 

Atropine.  — Colorless  needles,  from  Atropa  Belladonna  ;  formula  CpfH^NO,. 

Solanine.  —  A  pearly,  crystalline  substance,  from  various  eolanaceous 
plants ;  formula  C^H^O^  (?)  (p.  582). 

Aconitme.  —  A  glassy,  transparent  mass,  from  Aeonitum  Napettu*  ;  formula 

C^HflNGr 
Delphinine.  — A  yellowish,  fusible  substance,  from  the  seeds  of  Delphinium 

StaphUagria. 
Emetine.  — A  white  and  nearly  tasteless  powder  from  ipecacuanha  root. 
Curarine.  —  The  arrow-poison  of  Central  America. 


III.  — Phosphorus,  Antimony,  and  Arsenic  Bate*. 

Phosphorus,  antimony,  and  arsenic  being,  like  nitrogen,  either  trivalent 
or  quinquivalent,  are  capable  of  forming  compounds  analogous  to  the  amines 
and  the  compound  ammonium  salts.  A  few  of  these  remarkable  compounds 
will  be  briefly  described  in  the  following  paragraphs. 


PHOSPHDJJSa 


Paul  Thenard,  by  passing  the  vapor  of  methyl  chloride  over  ealcium 
phosphide  Jatfif^jk^H*  180°  C.  (366°  P.),  obtained  a  mixture  of  phos- 
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phoretted  bodies,  from  which  ho  separated  three  compounds  believed  to 
correspond  in  composition  with  the  three  hydrides  of  phosphorus  (p.  215), 
Tix.,  P^CHjJ,  P(CHt)v  and  P^H,),;  these  bodies  were,  however,  W  very 
imperfectly  investigated.  More  recently  Cahours  and  Hofmann,  by  sub- 
jecting zinc-methyl  and  sine-ethyl  to  the  action  of  phosphorus  trichloride, 
have  obtained  saline  compounds,  from  which,  by  distillation  with  potash, 
the  bases  P(CHs)a  and  P(C1Hft)s,  analogous  to  the  tertiary  monamines,  may 
Deliberated;  thus: 

8Zn(CtH5),      +      2PC1,      =      8ZnClf      +      2P(C,H6)r 
Zinc-ethyl.,  Triethyl-phosphine. 

Thriethylphosphine,  CjH^P  =  P(C,H4)r  —  This  substance  is  a  colorless, 
oil  having  a  very  penetrating  phosphorus  odor,  and  boiling  at  133°.  It  is 
slowly  oxidized  in  atmospheric  air.  The  vapor,  heated  with  air  or  oxygen, 
explodes.  In  chlorine  gas  it  burns  with  separation  of  carbon,  hydro- 
chloric acid  and  phosphorus  pentachloride  being  produced.  With  acids 
it  forms  crystalline  compounds,  which  are  very  deliquescent.  With  iodide 
of  methyl,  ethyl,  and  amyl,  it  solidifies  after  a  few  moments  to   crys- 


tetrethyl  ammonium  and  its  homologues. 


Trimethylphofphine,  CaH9P  =  P(CH,)r  —  This  substance  is  very  similar 
to  the  corresponding  ethyl-base,  but  more  volatile.  When  left  in  contact 
with  atmospheric  air,  it  forms  an  oxide  which  orystallizes  in  beautiful  white 
needles.  With  iodide  of  methyl,  ethyl,  and  amyl,  it  yields  the  iodides 
P(CH,)4I,  PfCHj^Cjiyi,  and  P(CH8)l(CfrH11)I,  from  which  three  analogous 
hydrates  may  be  produced  by  means  of  silver  oxide. 


ANTIMONY  BA8E8  or  8TIBINES. 

Triethylstibine,  or  Stibethyl,  Sb(C,HB)9,  is  obtained  by  distilling  ethyl 
iodide  with  an  alloy  of  antimony  and  potassium.  It  is  a  transparent,  very 
mobile  liquid,  having  a  penetrating  odor  of  onions.  It  boils  at  158°  C. 
(316°  F.).  In  contact  with  atmospheric  air,  it  emits  a  dense  white  fume, 
and  frequently  even  takes  fire,  burning  with  a  white  brilliant  flame.  It  is 
analogous  in  many  of  its  reactions  to  triethylamine,  but  has  much  more 
powerful  combining  tendencies,  uniting  readily  with  two  atoms  of  chlorine, 
bromine,  or  iodine,  and  1  atom  of  oxygen  or  sulphur,  thereby  forming 
compounds  in  which  the  antimony  is  quinquivalent,  such  as  SbT(C-H4),Clp 
SbT(CsH.)sO//,  &c.  The  same  tendency  to  act  as  a  bivalent-radical  is,  how- 
ever, exhibited  by  triethylamine,  which,  though  it  does  not  unite  directly 
with  elementary  bodies,  can  nevertheless  take  up  a  molecule  of  hydrogen 
chloride,  ethyl  iodide,  &c,  likewise  producing  compounds  in  which  the 
nitrogen  is  quinquivalent,  e.g.,  N^CjHjJjHCI,  N^CjHjMCjH,)!,  &c. 

Stibtihyl  oxide,  Sb(CtH()aO,  forms  a  viscid  transparent  mass,  soluble  in 
water  and  alcohol.  It  is  extremely  bitter  and  not  poisonous.  It  cannot  be 
volatilized  without  decomposition.  It  combines  with  acids,  giving  rise  to 
crystallizable  salts  containing  two  equivalents  of  acid. 

Stibethyl  sulphide,  Sb(C,H«).S.  —  Beautiful  crystals  of  silvery  lustre,  solu- 
ble in  water  and  alcohol.  Their  taste  is  bitter,  and  their  odor  similar  to 
that  of  mercaptan.  The  solution  of  this  compound  exhibits  the  deport- 
ment of  an  alkaline  sulphide :  it  precipitates  metals  from  their  solutions 
64* 


762  ABSENIC  BASKS. 

as  sulphides,  a  soluble  salt  of  stibethyl  being  formed  at  the  same  time. 
This  deportment,  indeed,  affords  the  simplest  means  of  preparing  the  salts 
of  stibethyl. 

Stibethyl  chloride,  8b(C,H4)§Cl,.  — Colorless  liquid  hiring  the  odor  of  tar- 
pontine  oil. 

8tibtthyl  iodide,  8b(C,H.)tT~  —  Colorless  needles  of  intensely  bitter  taste. 

The  analogy  of  triethylstibine  with  triethylamine  is  best  exhibited  in  its 
deportment  with  ethyl  iodide.     The  two  substances  combine,  forming  a  new 
iodide,  containing  Sb(CtHft)4I,  from  which  silver  oxide  separates  a  powerful 
alkaline  base  analogous  to  tetretbyl-ammonium  hydrate : 
»(<VW«(OH)  Sb(C,H5)4OH. 

A  series  of  analogous  substances  exist  in  the  methyl  series.  They  have 
been  examined  by  Landolt,  who  has  described  several  of  their  compounds, 
and  separated  the  methyl-antimony-base  corresponding  to  tetramethyl- 
ammonium  hydrate. 

The  iodide,  Sb(CH.)4I,  produced  by  the  action  of  methyl  iodide  upon  tri- 
methylstibine,  Sb(CH,)r  crystallizes  in  white  six-sided  tables,  which  are 
easily  soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether.  It  has 
a  very  bitter  taste,  and  is  decomposed  by  the  action  of  heat.  vYhen  treated 
with  silver  oxide,  it  yields  a  powerfully  alkaline  solution,  exhibiting  all  the 
properties  of  potash,  from  which,  on  evaporation,  a  white  crystalline  mass, 
the  hydrate  of  tetramethylstibonium,  Sb(CH,)4(OH),  crystallizes.  This  com- 
pound forms  an  acid  salt  with  sulphuric  acid,  which  crystallizes  in  tables. 
It  contains  Sb(CH,)4HS04. 


ARSENIC  BASKS. 


Triethylarsine,  As(CsH5)r  is  produced  by  distilling  an  alloy  of  arsenic 
and  sodium  with  ethyl  iodide.  At  the  same  time,  also,  there  is  formed  an- 
other body,  containing  As,(C,H6)4,  analogous  to  arsendimethyl  or  cacodyl. 
Both  compounds  are  liquids  of  powerful  odor ;  they  may  be  separated  by 
distillation  in  an  atmosphere  of  carbon-dioxide,  the  triethylarsine  passing 
over  last. 

Triethylarsine  may  be  obtained  pure  by  a  process  analogous  to  that  em- 
ployed for  the  preparation  of  triethylphosphine,  namely,  by  distilling  arse- 
nious  chloride,  AsC19,  with  zinc-ethyl.  It  is  a  colorless  liquid  of  most  dis- 
agreeable odor,  similar  to  that  of  arsenetted  hydrogen,  soluble  in  water, 
alcohol,  and  ether,  and  boiling  at  140°.  Triethylarsine  combines  directly 
with  oxygen,  sulphur,  bromine,  and  iodine,  giving  rise  to  a  series  of  com- 
pounds containing  2  atoms  of  bromine  or  iodine,  1  atom  of  sulphur  or  oxy- 
gen, and  analogous  to  the  corresponding  compounds  of  triethylstibine. 

Triethylarsine  submitted  to  the  action  of  ethyl  iodide  yields  a  crystalline 
compound,  As(C,H5)4I,  from  which  freshly  precipitated  silver  oxide  sepa- 
rates the  corresponding  hydrate,  As(CtH5)4OH,  a  powerfully  alkaline  sub- 
stance, similar  to  the  corresponding  nitrogen-,  phosphorus-,  and  antimony- 
compounds. 

Analogous  substances  exist  in  the  methyl  series.  Trimethylarsine, 
As(CHs)9,  is  formed,  together  with  arsendimethyl  or  cacodyl,  Ast(CH,)4, 
when  an  alloy  of  arsenic  and  sodium  is  submitted  to  the  action  of  methyl 
iodide.  It  unites  with  methyl  iodide,  producing  tetramethylarsonium 
iodide,  As(CHt)4I,  from  which  silver  oxide  separates  the  hydrate,  As(CHs)4 
OH.  The  iodide  juNt  mentioned  is  formed,  together  with  iodide  of  cacodyl, 
when  cacodyl  is  acted  upon  by  methyl  iodide : 

As^CH^    4-1 3W    =    Aa(CH,)4I    -f     AsfCH,),!. 
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By  substituting  ethyl  iodide  for  methyl  iodide  in  this  reaction,  the  com- 
pound  AsfCH8),(C,H5),I  is  formed.  All  these  iodides,  treated  with  moist 
silver  oxiae,  yield  the  corresponding  hydrates. 

Arsendimethyl  and  arsenmonomethy  1  will  be  most  conveniently  described 
in  this  place,  though  they  do  not  strictly  belong  to  the  ammonia  type,  at 
least  when  in  the  free  state. 

As'^CH,), 

Arsendimethyl  or  Caeodyl,  As.(CH.)4,  or   |  .  —  The  arsenic  in 

AsWfCH,), 
this  compound  is  still  trivalent,  one  unit  of  equivalence  of  each  of  the 
arsenic-atoms  being  satisfied  by  combination  with  the  other,  just  as  in  the 
solid  hydrogen  arsenide,  As,H4  (p.  428).  When,  however,  the  arsendi- 
methyl combines  with  chlorine  or  other  monatomio  radicals,  the  molecule 
splits  into  two ;  thus : 

AafCH,),        +        CI,        =        2AS"'(CHt)JCl. 

Caeodyl,  so  called  from  its  repulsive  odor,  constitutes,  together  with  its 
products  of  oxidation,  the  spontaneously  inflammable  liquid  known  as  Ca- 
deft  fuming  liquid,  or  Alkarsin.  This  liquid  is  prepared  by  distilling  potas- 
sium acetate  with  arsenious  oxide.  Equal  weights  of  these  two  substances, 
both  well  dried,  are  intimately  mixed  and  introduced  into  a  glass  retort 
connected  with  a  condenser  and  tubulated  receiver  cooled  by  ice,  a  tube 
being  attached  to  the  receiver  to  carry  away  the  permanently  gaseous  pro- 
ducts to  some  distance  from  the  experimenter.  Heat  is  then  applied  to  the 
retort,  which  is  gradually  increased  to  redness.  At  the  close  of  the  opera- 
tion, the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity  of  re- 
duced arsenic :  the  heavier  of  these  is  the  crude  caeodyl ;  the  other  consists 
chiefly  of  water,  acetic  acid,  and  acetone.  The  gas  given  off  during  the 
distillation  is  principally  carbon  dioxide.  The  crude  caeodyl  is  repeatedly 
washed  by  agitation  with  water  previously  freed  frcm  air  by  boiling,  and 
afterwards  redistilled  from  potassium  hydrate  in  a  vessel  filled  with  pure 
hydrogen  gas.     All  these  operations  must  be  conducted  in  the  open  air. 

Pure  caeodyl  is  obtained  by  decomposing  the  chloride  with  metallic  zino, 
dissolving  out  the  zinc  chloride  with  water,  and  dehydrating  the  oily  liquid 
with  calcium  chloride.  The  strong  tendency  of  caeodyl  to  take  fire  in  the 
air,  and  the  extremely  poisonous  character  of  its  vapors,  render  it  neces- 
sary to  perform  all  the  distillations  in  sealed  vessels  filled  with  dry  carbon 
dioxide.  Bunsen,  to  whose  skill  and  perseverance  we  are  indebted  for  the 
discovery  of  this  remarkable  compound,  proceeds  as  follows : 

1.  A  dilute  alcoholic  solution  of  alkarsin  is  cautiously  mixed  with  an 
equally  dilute  solution  of  mercuric  chloride,  avoiding  an  excess  of  the  lat- 
ter; a  white  crystalline,  inodorous  precipitate  then  falls,  containing  As, 
(CH?)40  .  Hg€lt:  when  this  is  distilled  with  concentrated  hydrochloric  acid, 
it  yields  mercuric  chloride,  water,  and  caeodyl  chloride,  which  distils  over. 
The  product  is  left  for  some  time  in  contact  with  calcium  chloride  and  a 
little  quicklime,  and  then  distilled  alone  in  an  atmosphere  of  carbon 
dioxide. 

2.  To  obtain  free  caeodyl,  the  pure  anhydrous  chloride  is  digested  for 
three  hours  at  a  temperature  of  100°  with  slips  of  clean  metallic  zinc  con- 
tained in  a  bulb  blown  upon  a  glass  tube  previously  filled  with  carbonio 
acid  gas,  and  hermetically  sealed.  The  metal  dissolves  quietly  without 
evolution  of  gas.  When  the  action  is  complete,  and  the  whole  cool,  the 
vessel  is  observed  to  contain  a  white  saline  mass,  which,  on  the  admission 
of  a  little  water,  dissolves,  and  liberates  a  heavy  oily  liquid,  the  caeodyl 
itself.  This  is  rendered  quite  pure  by  distillation  from  a  fresh  quantity 
of  zino,  the  process  being  conducted  in  the  little  apparatus  shown  in 
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fig.  196,  which  it  made  from  a  piece  of  glass  tube,  and  is  intended  to  serve 
the  purpose  both  of  retort  and  receiver.    The  zinc  is  introduced  into  the 
upper  bulb,  and  the  tube   drawn  out  in  the  manner  represented.     The  . 
whole  is  then  filled  with  carbon  dioxide,  and  the  lower  " 
#V-W*         extremity  put  into  communication  with  a  little  hand- 
syringe.     On  dipping  the  point  a  into  the  crude  cacodyl, 
S\  C^Zf))      And  making  a  slight  movement  of  exhaustion,  the  liquid 
*      {JBBJl       "  drawn  up  into  the  bulb.     Both  extremities  are  then 
11       sealed  in  the  blowpipe  flame,  and  after  a  short  digestion 
at  100°,  or  a  little  above,  the  pure  cacodyl  is  distilled  off 
into  the  lower  bulb,  which  is  kept  cooL     It  forms  a  color- 
less, transparent,  thin  liquid,  much  resembling  alkarsin 
in  odor,  and  surpassing  that  substance  in  inflammability. 
When  poured  into  the  air,  or  into  oxygen  gas,  it  ignites 
instantly:  the  same  thing  happens  with  chlorine.     With 
very  limited  access  of  air  it  throws  off  white  fumes,  pass- 
ing into  oxide,  and  eventually  into  cacodylic  acid.     Caco- 
dyl boils  at  170°  C.  (838°  F.),  and  when  cooled  to  — 6°C. 
J 21°  F.),  crystallizes  in  large,  transparent,  square  prisms, 
t  combines  directly  also  with  sulphur. 
Cacodyl  is  decomposed  at  a  temperature  below  redness  into  metallic  arse- 
nic, and  a  mixture  of  2  measures  of  marsh-gas  and  1  measure  of  ethane 
gas. 

The  powerful  combining  tendencies  of  cacodyl  indicate  that  it  is  an  un- 
saturated compound :  it  can,  in  fact,  take  up  2  atoms  of  a  monad  or  1  atom 
of  a  dyad  element,  forming  compounds  like  the  chloride,  Ast(CHB)4Cls  — 
2As(CH,)1Cl,  and  the  oxide,  As,(CH,)40,  in  which  the  arsenic  is  trivalent; 
or  again,  6  atoms  of  a  monad  or  8  atoms  of  a  dyad  element,  forming  com- 
pounds like  the  trichloride,  AB,(CHt)4CL  —  2As(CHt),C1r  in  which  arsenio 
is  quinquivalent.  These  last-mentioned  bodies  are  the  most  stable  of  all 
the  oacodyl  compounds. 

Cacodyl  Chloridi,  or  Aksbh-chlokodimbthide,  As///(CH1)/1,  prepared 
as  above  described,  is  a  odorless  liquid,  which  does  not  fume  in  the  air, 
but  emits  an  intensely  poisonous  vapor.  It  is  heavier  than  water,  and  in- 
soluble in  that  liquid,  as  also  in  ether;  alcohol,  on  the  other  hand,  dis- 
solves it  with  facility.  The  boiling  point  of  this  compound  is  a  little  above 
100° ;  its  vapor  is  colorless,  spontaneously  inflammable  in  the  air,  and  has 
a  density  of  4-66.  Dilute  nitric  acid  dissolves  the  chloride  without  change ; 
with  the  concentrated  acid,  ignition  and  explosion  occur.  Cacodyl  chloride 
combines  with  cuprous  chloride,  forming  a  white,  insoluble,  crystalline 
double  salt,  containing  Asf(CHt)4Cl,  .  Cu'XI,;  also  with  cacodyl  oxide. 

Cacodyl  chloride  forms  a  hydrate  which  is  thick,  viscid,  and  readily  de- 
hydrated by  calcium  ohloride. 

Cacodyltrichloridb,  AsT(CH,)fClt,  is  produced  by  the  action  of  phos- 
phorus pentachloride  on  cacodylic  acid : 

As*(CHt),0"(OH)  +  2PC1J  =  AsfCH,)/^  +  2POC1,  +  HCL 

Also  by  the  action  of  chlorine  gas  on  the  monochloride.  Prepared  by  the 
first  method,  it  forms  splendid  large  prismatic  crystals,  which  however  are 
very  unstable,  being  instantly  decomposed,  at  temperatures  between  40° 
and  60°  C.  (104-122°  F.),  into  methyl  chloride  and  arsen-monomethyl  chlo- 
ride: 

A8»(CHa)tC],        =        CH,C1        +        Ab"'(CH,)C1,. 

Cacodyi  Iodide,  As(CHs),I,  is  a  thin,  yellowish  liquid,  of  offensive  odor, 
and  considerable  specific  gravity,  prepared   by  distilling  alkarsin  with 
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strong  solution  of  hydriodio  acid.  A  yellow  crystalline  substance  is  formed 
at  the  same  time,  which  is  an  oxyiodide.  Cacodyl  bromide  and  fluoride  have 
also  been  obtained. 

Cacodyl  Cyanide,  As(CHJ,CN,  is  easily  formed  by  distilling  alkarsin 
with  strong  hydrocyanic  acid,  or  merouric  cyanide.  Above  32-7°  C.  (90° 
F.),  it  is  a  colorless,  ethereal  liquid,  but  below  that  temperature  it  crys- 
tallises in  colorless  four-sided  prisms,  of  beautiful  diamond  lustre.  It  boils 
at  about  140°  C.  (284°  F.),  and  is  but  slightly  soluble  in  water.  It  requires 
to  be  heated  before  inflammation  occurs.  The  vapor  of  this  substance  is 
most  fearfully  poisonous:  the  atmosphere  of  a  room  is  said  to  be  so  far 
contaminated  by  the  evaporation  of  a  few  grains  of  it  as  to  cause  instan- 
taneous numbness  of  the  hands  and  feet,  vertigo,  and  even  unconscious- 
ness. 

Cacodtl  Oxide,  As///,(CHi)40//. —  This  compound  is  formed  by  the  slow 
oxidation  of  cacodyl.  When  air  is  allowed  access  to  an  aqueous  solution 
of  alkarsin,  so  slowly  that  no  sensible  rise  of  temperature  follows,  that 
body  is  gradually  converted  into  a  thick,  syrupy  liquid,  full  of  crystals  of 
cacodylic  acid.  On  dissolving  this  mass  in  water,  and  distilling,  water  hav- 
ing the  odor  of  alkarsin  passes  over,  and  afterward  an  oily  liquid,  which 
is  the  cacodyl  oxide.     Impure  cacodylic  acid  remains  in  the  retort. 

Cacodyl  oxide,  purified  by  rectification  from  caustic  baryta,  is  a  color- 
less, oily  liquid,  having  a  pungent  odor,  sparingly  soluble  in  water,  and 
boiling  at  120°  C.  (248°  F.),  strongly  resembling  alkarsin  in  odor,  in  its 
relations  to  solvents,  and  in  the  greater  number  of  its  reactions;  but  it 
neither  fumes  in  the  air,  nor  takes  fire  at  common  temperatures :  its  vapor 
mixed  with  air,  and  heated  to  about  88°  C.  (190°  F.),  explodes  with  vio- 
lence. It  dissolves  in  hydrochloric,  hydrobromic,  and  hydriodio  acids, 
forming  chloride,  bromide,  and  iodide  of  cacodyl. 

Cacodyl  dioxide,  Ass(CH9)402,  is  the  thick  syrupy  liquid  produced  by  the 
slow  oxidation  of  cacodyl  or  of  alkarsin.  It  is  decomposed  by  water,  and 
then  yields  a  distillate  of  cacodyl  monoxide,  with  a  residue  of  cacodylio 
acid: 

ZAs^CH,)/),  +   H,0   =  As^CH^O  +  2As(CHt)10(OH.) 

Cacodylic  Acid,  Abt(CH?),0"(OH),  also  called  A Ikargen.  —  This  is  the 
ultimate  product  of  the  action  of  oxygen  at  a  low  temperature  upon  caco- 
dyl or  alkarsin  in  presence  of  water :  it  is  best  prepared  by  adding  mer- 
curic oxide  to  alkarsin,  covered  with  a  layer  of  water  and  artificially 
cooled,  until  the  mixture  loses  all  odor,  and  afterward  decomposing  any 
mercuric  cacodylate  that  may  have  been  formed,  by  the  cautious  addition 
of  more  alkarsin.  The  liquid  yields,  by  evaporation  to  dryness  and  solu- 
tion in  alcohol,  crystals  of  cacodylic  acid.  The  sulphide  and  other  com- 
pounds of  cacodyl  yield  the  same  substance  on  exposure  to  air.  Cacodylio 
acid  forms  brilliant,  colorless,  brittle  crystals,  which  have  the  form  of  a 
modified  square  prism :  it  is  permanent  in  dry  air,  but  deliquescent  in  a  moist 
atmosphere.  It  is  not  at  all  poisonous,  though  it  contains  more  than  60  per 
cent,  of  arsenic.  It  is  very  soluble  in  water  and  in  alcohol,  but  not  in  ether : 
the  solution  has  an  acid  reaction.  When  mixed  with  alkalies  and  evapo- 
rated, it  leaves  a  gummy,  amorphous  mass.  With  the  oxides  of  silver  and 
mercury,  on  the  other  hand,  it  yields  crystallizable  compounds.  It  unites 
with  cacodyl  oxide,  and  forms  a  variety  of  combinations  with  metallic  salts. 
Cacodylic  acid  is  exceedingly  stable:  it  is  not  affected  by  red  fuming  nitric 
acid,  nitromuriatic  acid,  or  even  ohromic  acid  in  solution :  it  may  be  boiled 
with  these  substances  without  the  least  change.  It  is  deoxidized,  however, 
by  phosphorous  acid  and  stannous  chloride,  yielding  cacodyl  oxide.  Dry 
bydriodic  acid  gas  decomposes  it,  with  production  of  water,  cacodyl  iodic** 
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and  free  iodine.  With  dry  hydrochloric  acid  gas,  or  with  the  concen- 
trated aqueous  acid,  cacodylic  acid  unites  directly,  forming  the  compound 
As  (CH,),OfH .  HC1.  But  by  exposing  cacodylic  acid  for  a  long  time  to  a 
stream  of  hydrochloric  acid  gas,  artcn-monomethyl  dichloride  is  obtained,  to- 
gether with  water  and  methyl  chloride : 

As(CEt)fifi  +  3HC1   =   As(CH,)Cl,  +  2HtO  +  CHtCL 

Phosphorus  pentachloride  converts  cacodylic  acid  into  cacodyl  trichloride 

(p.  7(54). 

Cacodyl  Sulphide,  As.f  CHs)4S,  is  formed  by  adding  barium  sulphide  to 
crude  cacodyl,  or  by  distilling  barium  sulph-hydrate  with  cacodyl  chloride. 
It  is  a  transparent  liquid  which  retains  its  fluidity  at  — 40°,  and  boils  at  a 
temperature  considerably  above  100°. 

Cacodyl  duulphide,  AB,[CH§)4Sr  is  formed  by  the  action  of  sulphur  on  ca- 
codyl or  the  monosulphide,  or  by  treating  cacodylic  aoid  with  sulphuretted 
hydrogen  in  a  vessel  externally  cooled.  It  separates  from  the  solution  in 
large  rhombic  crystals.  The  alcoholic  solution  of  this  compound  yields 
with  various  metallic  solutions,  precipitates  consisting  of  salts  of  sulpkoca- 
codylic  acid,  As(CHt)tSsH,  analogous  to  cacodylic  acid.  The  lead-salt,  Asg 
(CHs)4S4Pb",  forms  small  white  crystals. 

Arsenmonomethyl,  As(CHs).  —  This  radical,  which  is  not  known  in  the 
separate  state,  is  either  bivalent  or  quadrivalent.  Its  dichloride,  As7// 
(CHs)Clj,  is  produced  either  by  the  decomposition  of  cacodyl  trichloride 
by  heat:  AsfCH^jC^AsfCHjClj-fCHjCl;  or  by  the  prolonged  action  of 
hydrochloric  acid  on  cacodylic  acid  (p.  765).  It  is  a  colorless,  heavy,  mo- 
bile liquid,  having  a  strong  reducing  power ;  boils  at  183°  G.  (271°  F.).  Its 
vapor  exerts  a  most  violent  action  on  the  mucous  membranes ;  on  smelling 
it,  the  eyes,  nose,  and  whole  face  swell  up,  and  a  peculiar  lancinating  pain 
is  felt,  extending  down  to  the  throat.  The  tetrachloride,  AsT(CHa)Cl4,  is  ob- 
tained in  large  crystals  by  passing  chlorine  over  a  mixture  of  the  dichlo- 
ride and  carbon  bisulphide  cooled  to  — 10°.  It  is  very  unstable,  decom- 
posing even  near  0°  into  methyl  chloride  and  arsenious  chloride,  AsClg. 
There  is  also  a  chlorobromide,  As(CHt)ClBr,  and  a  di-iodide,  As(CH8)Ir 

The  oxide,  As(CH,)0,  obtained  by  decomposing  the  dichloride  with  potas- 
sium carbonate,  forms  large  cubical  crystals,  soluble  in  water,  alcohol,  and 
ether,  and  resolved  by  distillation  with  potash  into  arsenious  oxide  and 
cacodyl  oxide:  4As(CHf)0=As,0,-f  As^CHAO. 

AreermethyUc  Acia\  As*(CH8W"(OH)t  is  obtained  as  a  barium-salt  by 
decomposing  arsenmethyl  dichloride  with  a  slight  excess  of  silver-oxide ; 
and  this  salt,  decomposed  by  sulphuric  acid,  yields  the  acid  which  remains 
on  evaporation  in  the  form  of  a  laminated  mass.     It  is  bibasic. 

Arsenmethyl  sulphide,  As(CHs)S,  is  obtained  as  a  white  mass  by  passing 
hydrogen  sulphide  over  the  dichloride. 


On  comparing  the  combining  or  equivalent  values  of  the  several 
nides  of  methyl,  it  will  be  seen  that  they  all  unite  with  elementary  bodies 
and  compound  radicals,  in  such  proportion  as  to  form  compounds  in  which 
the  arsenic  is  either  trivalent  or  quinquivalent,  the  last-mentioned  com- 
pounds being  by  far  the  most  stable.     Thus : 

Arsenmonomethyl,  As(CHt),  is  bi-  and  quadri-valent,  forming  the  chlo- 
rides As/^(CH,)CLiandA8^CH,)Cl4. 

Arsendimethyl,  As(CHt>r  is  mono-  and  tn-valent,  forming  the  chlorides 
As^Cry-Cl  and  As^CH^Cl,. 

Arsentrimethyl,  As(CH,)„  is  bivalent  only,  and  forms  the  chloride  As* 

(CH^-CL. 

Arsenmethylium,  or  Tetramethylarsonium,  AsfCH,)*,  is  univalent,  form- 
ing the  chloride  As^CH,)^ 
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Blsmethyl  or  Triethylbismuthine,  BifCjH.)^  analogous  in  composition  to 
triethylstibine  and  triethylarsine,  is  formed  by  the  action  of  ethyl  iodide 
on  an  alloy  of  bismuth  and  potassium,  and  is  extracted  from  the  residue 
by  ether.  It  is  a  yellow  liquid  of  specific  gravity  1*82,  has  a  most  nau- 
seous odor,  and  emits  vapors  which  take  fire  in  contact  with  the  air.  It 
unites  with  oxygen,  chlorine,  bromine,  iodine,  and  nitric  acid, 

Borethyl,  B(C,Ha)r — Dr.  Frankland  has  obtained  this  compound  by 
treating  boric  ether  with  zinc-ethyl :  it  is  a  colorless  mobile  liquid  haying 
a  pungent  odor,  irritating  the  eyes,  of  sp.  gr.  0*696,  and  boiling  at  95°  C. 
(203°  F.).  Borethyl  is  insoluble  in  water,  but  very  slowly  decomposed 
when  left  in  prolonged  oontact  with  it.  When  exposed  to  the  air  it  is  spon- 
taneously inflamed,  burning  with  a  beautiful  green  and  somewhat  smoky 
flame.  It  combines  with  ammonia,  forming  the  oompound  NHS .  B(CsH«)r 
By  the  gradual  action  of  dry  air,  and,  ultimately,  of  dry  oxygen,  borethyl 
is  converted  into  an  oxygen-compound  of  the  formula  B(CaH6),Or 
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The  action  of  ethene  bromide  on  triethylphosphine  gives  rise  to  the  for- 
mation of  two  crystalline  bromides,  according  to  the  proportions  in  which 
the  substances  are  brought  in  contact.  These  bromides  are  C8H]9PBr.=r 
CjH^P-fCjH^r,  and  C,.HS4P1BrI=  2C6H15P-fCIH4Brr  The  first  of  these 
compounds  is  the  bromide  of  a  phosphonium  in  which  8  atoms  of  hydro- 
gen are  replaced  by  ethyl  and  one  atom  by  the  univalent  radical  bromethyl, 
C,H4Br,  thus  [(C^BrXCjH^PJBr.  Half  the  bromine  in  this  salt  is  un- 
affected by  the  action  or  silver-salts;  it  may  accordingly  be  designated  as 
bromide  of  bromethyl-triethyl-phosphonium.  Numerous  salts  of  this  compound 
are  known,  but  the  free  base  oannot  be  obtained,  since  silver  oxide  elimi- 
nates the  latent  bromine,  giving  rise  to  the  formation  of  a  base  containing 
[(CJHiO)(C,H6),P]OH.  The  second  compound  is  the  dibromide  of  ethene- 
kexetksfl^photphonium,  [(C,H4)"(C,Hs)iP,]"Brr  This  radical,  which  cor- 
responds to  2  equivalents  of  ammonium,  2NH4  =  NjHj,  forms  a  series  of 
very  stable  and  beautiful  salts,  especially  an  iodide  which  is  difficultly 
soluble  in  water.  In  all  these  salts  the  base,  which  is  oomposed  of  1  mole- 
cule of  ethene,  6  molecules  of  ethyl,  and  2  atoms  of  phosphorus,  is  united 
with  2  molecules  of  nnivalent-acid  radical;  the  platinum-salt  contains 
(C,H4)/,(CJH6)iP1Brs .  Pt»*Cl4.  The  free,  very  caustic,  and  stable  base  has 
the  composition  [(CjHJ^C-H^PJ^fOH),. 

The  dibromide  of  etnene-nexethyl-diphosphonium  may  be  formed  by  the 
action  of  triethylphosphine  upon  the  brominated  bromide  which  has  been 
mentioned  as  the  first  product  of  the  action  of  ethene  dibromide  upon  tri- 
ethylphosphine ;  CaH19PBr1+C#HlaP=Cl4H^PgBrr  If  the  triethylphosphine 
be  replaced  in  this  process  by  ammonia  or  Dy  monamines  in  general,  or  by 
monarsines,  an  almost  unlimited  series  of  diatomic  salts  may  be  formed, 
in  which  phosphorus  and  nitrogen  or  phosphorus  and  arsenic  are  associated. 

Thus  the  action  of  ammonia,  of  ethylamine,  and  of  triethylarsine,  gives 
rise  respectively  to  the  fallowing  compounds : 

Dibromide  of  Ethene-triethyl-  \      r,p  w  v,fr  „  v  „  pN1/'Br 
phosphammonium       .        .      /       L(^H4)"(C,H§),HSFJMJ    Brr 

Dibromide  of  Ethene-tetrethyl  1       rm  „  .///r  „  .  w  pM1//T», 
phosphammonium       .        .      J       [(CjH4)"(C,H,)4H2ra]"Brr 

Dibromide  of  Ethene-hexethyl-  \      r/r  R  \,/fr  w  %  pa.v/ii* 
phospharsonium        .        .     /      L(<W"(<W#"-J  '»- 


768  ZINC-ETHYL. 

Treated  with  silver  oxide,  these  bromides  yield  the  Tory  caustic  diatoauo 

bsncio  — 

H&«moEotrt!treU,y1'}    KW'ffi-uWWWb. 

The  arsenic  bases,  when  submitted  to  the  action  of  ethene  dibromide, 
giro  rise  to  perfectly  analogous  results.  The  limits  of  this  Manual  will  not 
permit  us  to  examine  these  remarkable  compounds  in  detail. 


IV. — Compounds  of  Aleohol-radieals  with  Bivalent  and  Quadrivalent 
Metals  and  Metalloids. 

The  bodies  of  this  group  which  contain  bivalent  elements,  such  as  sine, 
are  saturated  compounds,  not  capable  of  uniting  directly  with  chlorine,  oxy- 
gen, Ac. ;  those  which  contain  quadrivalent  metals,  like  tin,  are  saturated 
or  unsaturated  accordingly  as  they  contain  four  or  only  two  equivalents  of 
alcohol-radicals. 

All  these  compounds  are  frequently  designated  as  oryano  metallic  oodfet, 
a  term  likewise  including  the  compounds  of  alcohol-radicals  with  arsenic, 
antimony,  and  bismuth.  We  shall  describe  chiefly  the  ethyl  compounds, 
to  which  the  methyl  and  amyl  compounds  are  strictly  analogous. 

line-ethyl  or  Zinc  ethide,  Zn"(CtHft)r — This  compound,  discovered  by 
Frankland,  is  formed,  together  with  zinc-iodide,  when  ethyl  iodide  is  heated 
with  metallic  zinc  in  a  sealed  glass  tube,  or,  for  larger  quantities,  in  a 
strong  and  well-closed  copper  cylinder:  2C,H5I  +  Zn,  =  Znl, -f-  Zn(C,H5)- 
The  two  product*  remain  combined  together  in  the  form  of  a  white  crystal- 
line mass,  from  which  the  sine-ethyl  may  be  separated  by  distillation  in  an 
atmosphere  of  hydrogen.  It  is  a  mobile  and  very  volatile  liquid,  having  a 
disagreeable  odor,  taking  fire  instantly  on  coming  in  contact  with  the  air, 
and  diffusing  white  fumes  of  zinc  oxide.  Water  decomposes  it  violently, 
with  formation  of  zinc  hydrate,  and  evolution  of  ethane  or  ethyl-hydride: 
Zn(CaH5),  +  2H,0  =  ZnH,Ot  +  C,Hr  When  gradually  mixed  with  dry 
oxygen,  it  passes  through  two  stages  of  oxidation,  yielding  first  zinc  ethyl- 

ethylate,   Zn"{§J?kt   and  finally  zinc   ethylate,   Zn"(OCtH6)r      With 

iodine  and  other  halogens,  the  reaction  also  takes  place  by  two  stages,  but 
consists  in  the  successive  substitution  of  the  halogen  for  the  ethyl ;  thus : 

ZnCC.H,),       +       I,       «       C,H,I       +       znccyyi, 
and 

Zn(C,H§)I        +        I,        =        Cfiji        +        Znl,. 

Zinc  ethide  has  become  a  very  important  reagent  in  organic  chemistry, 
serving  to  effect  the  substitution  of  the  positive  radical  ethyl  for  chlorine, 
iodine,  and  other  negative  elements,  and  thus  enabling  us  to  build  up 
carbon-compounds  from  others  lower  in  the  scale.  Many  examples  of 
these  reactions  have  already  been  given  in  the  chapters  on  alcohols  and 
acids.  In  like  manner  it  serves  for  the  preparation  of  many  other  or- 
gano-metallic  bodies.  The  following  equations  exhibit  the  mode  of  forma- 
tion of  mercurio  methide,  stannic  ethide,  and  triethylarsine  by  means  of 
sine  ethide; 
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Zn"(C,H,), 

+ 

Hg»Cl,      =      ZnCl, 

+ 

Hg"(C,H.)t 

2Zn"(C,H,), 

+ 

Sn"Cl4       =     2ZnCl, 

+ 

*+(<Wk 

SZn'/fC.H,), 

+ 

2As'"Cl,     .    8ZnCl, 

+ 

2Ab'"(C,H,).. 

Kethide,  Zn"(CH?),  is  analogous  in  its  reactions  to  lino  ethide,  bat 
is  still  more  volatile  and  inflammable. 

Potassium  Ethide,  C,H6K,  and  Sodium  Ethide,  CtH6Na,  are  not  known  in 
the  separate  state,  but  only  in  combination  with  zino-ethyl.  These  mixed 
compounds  are  produced  by  the  action  of  potassium  on  sodium  sine-ethyl ; 
thus: 

aZn^H,),      +      Na,      =      Zn      +      2(C ^{^ 

These  compounds  and  their  homologies,  disooTered  by  Wanklyn,  hare  also 
played  an  important  part  in  chemical  synthesis.  The  production  of  the 
fatty  acids  by  the  combination  of  carbon  dioxide  with  sodium  ethide,  &o. 
has  been  frequently  mentioned. 

Xerenrio  Ethide,  Hg"f  CsHs)r  —  This  compound  is  formed,  as  already  ob- 
served, by  the  action  of  mercuric  chloride  on  zinc  ethide,  but  it  is  more 
easily  prepared  by  the  action  of  sodium-amalgam  on  ethyl  iodide  in  presence 
of  acetic  ether : 

2C,H§I      +      Na,      +      Hg      =    2NaI      +      Hg(CfH§)r 

The  acetic  ether  takes  no  part  in  the  reaction ;  nevertheless  its  presence 
appears  to  be  essential. 

Mercuric  ethide  is  a  transparent,  colorless  liquid,  boiling  at  169°.  It 
bnrns  with  a  smoky  flame,  giving  off  a  large  quantity  of  mercurial  vapor. 
Chlorine,  bromine,  and  iodine  remove  one  equivalent  of  ethyl  from  this  com- 
pound, and  take  its  place,  forming  mercurio  chlorethide,  &o. ;  thus : 

Hg(C,H,),    +    d,    =-    C,H6C1    +    Hg(CA)CL 

A  similar  action  is  exerted  by  acids,  e.  g.9  by  hydrobromio  acid,  the  pro- 
ducts being;  ethane  and  mercurio  bromethide : 

Hg(CA),     +    HBr«    CtH,      +    Hg(C,H6)Br. 

The  chlorethide  or  bromethide  is  converted  by  water  into  mercuric  ethyl- 
hydrate,  Hg"(CsHft)(OH).  Mercurio  ethide  serves  for  the  preparation  of 
several  other  organo-metallio  bodies. 

Aluminium  Methide,  Al"'(CHt)r  or  Al,(CHs)r  —  This  compound,  dis- 
covered by  Buckton  and  Odling,*  is  formed  by  heating  mercurio  ethide 
with  aluminium.  It  is  a  mobile  liquid,  whioh  crystallites  at  a  little  above 
0°,  and  boils  at  180°  C.  (266°  F.).  At  and  above  220°  C.  (428°  F.)  the  den- 
sity of  its  vapor,  compared  with  that  of  air,  is  2*8,  which  is  near  to  the 
theoretical  density  calculated  for  the  formula  Al(C,H.)r  namely,  2*5.  This 
seems  to  show  that  the  true  formula  of  the  compound  is  A1(CSH6)S,  and  not 
AlgfCgHOf,  and,  consequently,  that  aluminium  is  a  triad,  not  a  tetrad  (p. 
833).  At  temperatures  near  the  boiling  point,  however,  the  vapor-density 
becomes  4-4,  approximating  to  the  theoretical  density  calculated  for  the 
formula  Al,(CslL),. 

Aluminium  ethide  resembles  the  methyl  compound.  It  boils  at  194°  G. 
(881°  F.),  and  its  vapor  likewise  exhibits,  at  temperatures  considerably 
above  its  boiling  point,  a  density  nearly  equal  to  that  required  by  the  for- 
mula Al(C,H6)r  for  a  two-volume  condensation.! 

•  Proceeding!  of  the  Boyal  Society,  xhr.  10. 

♦  The  vanornleneity  of  aluminium  chloride,  ai  determined  by  Devflle,  agrees  with  that  re- 
qvbed  by  the  formal*  AU9«;  bat  m  thtt  compound  he*  a  very  high  boiling  point,  It  was  per- 
haps not  heated  raAdentty  to  convert  it  into  a  perfect  gat  (etc  page  401). 

66 
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Kthyl  Compounds  of  Tin.  —  Tin  forms  two  ethyl  compounds,  Sn'^C^H,), 
And  SnlT(CtUft)4,  analogous  to  stannous  and  stannic  chloride ;  also  a  stan- 
noBO-stannous  ethide,  Sn^C-Hj),,  analogous  in  constitution  to  ethane,  C,Hr 
Stannic  ethide  is  a  saturated  compound,  but  the  other  two  are  unsaturated 
bodies,  capable  of  uniting  with  chlorine,  bromine,  oxygen,  and  acid  radi- 
cals, and  being  thereby  converted  into  compounds  of  the  stannic  type. 

Stanvous  Ethidk,  Sn"(C.H6)r — When  ethyl  iodide  and  tinfoil  are 
heated  together  in  a  sealed  glass  tube  to  about  160°  or  180°  C.  (802°-356° 
F.),  stannous  iodethide,  Sn  lf(CtH6)  Jr  is  produced,  crystallizing  in  colorless 
needles.  The  same  compound  is  obtained  when  tin  and  ethyl  iodide  are 
exposed  to  the  rays  of  the  sun  concentrated  by  a  parabolic  reflector.  The 
reaction  is  considerably  facilitated  if  the  tin  be  alloyed  by  one-tenth  of  its 
weight  of  sodium.  This  iodide  is  decomposed  by  sodium  or  sine,  which 
abstracts  the  iodine  and  leaves  stannous  ethide  in  the  form  of  a  thick,  oily 
liquid,  insoluble  in  water,  and  haying  the  sp.  gr.  1-55.  Stannous  ethide 
combines  directly  with  2  atoms  of  chlorine,  iodine,  and  bromine,  forming 
stannic  chlorethide,  8nk(C,Hft)sCls,  &c.  Exposed  to  the  air,  it  absorbs  oxy- 
gen and  is  converted  into  stannous  oxethide,  Sn*(CtHft)sO,  a  whitish,  taste- 
less, inodorous  powder,  which,  when  treated  with  oxygen-acids,  yields  well 
orystallized  stannous  salts,  such  as  Sn^CjH^NO,),,  Snb(CsHft)sS04,  Ac. 

Staxkoso-stanmo  Ethids,  Sn^CjH,)^  is  always  produced  in  small  quan- 
tity when  stannous  ethide  is  prepared  by  the  methods  above  mentioned. 
It  is  really  obtained  in  the  free  state  by  digesting  an  alloy  of  1  part  of 
sodium  and  5  parts  of  tin  with  ethyl  iodide,  exhausting  the  mass  with  ether, 
evaporating  the  ethereal  solution,  and  exhausting  the  residue  with  aloohoL 
The  stannoso*stannie  ethide,  being  insoluble  in  that  liquid,  then  remains 
behind.  It  is  a  yellow  oil,  boiling  at  180°  C.  (866°  F.),  combining  directly 
with  chlorine,  bromine,  and  iodine  to  form  two  molecules  of  a  stannic  com- 
pound ;  e.  g. : 

8»«(<W,    +    CI,    =    MCAW1; 

Stannic  cnloro-tnethide. 

also  with  oxygen,  forming  distannic  oxy-hexethide,  Sntvs(CfHft)sO.  This 
oxide  is,  however,  best  obtained  by  distilling  stannous  oxy-diethide,  Sn" 
(CtHft),0  (above  described),  with  potash.  It  is  an  oily  liquid,  soluble  in 
alcohol,  ether,  and  water ;  the  aqueous  solution  has  a  strong  alkaline  reac- 
tion. It  is  easily  acted  upon  by  oxygen-aoidsi  yielding  the  corresponding 
sulphate,  SnJ(C1H5)eS04,  &c. 

Stanntc  Ethidk,  Snlr(C.Hft).,  is  produced  by  the  action  of  sine  ethide  on 
stannic  ohloride ;  also  by  the  distillation  of  stannous  ethide,  2Sn(C1H5)s  = 
8n  +  8n(C,H.)<.  It  is  a  colorlesB,  nearly  odorless  liquid,  of  sp.  gr.  1-19, 
boiling  at  181*  C.  (868°  F.),  and  very  inflammable,  burning  with  a  highly 
luminous  flame.  When  treated  with  chlorine,  bromine,  &c,  or  with  acids, 
it  forms  substitution -products :  thus,  with  iodine,  it  splits  up  into  ethyl 
iodide  and  stannio  iodotriethide  : 

Sn(C,H5)4    +    1,    =    C,H§I    +    8n(Cfib)JL 
KUhsjkrong  hydrochloric  acid,  it  yields  ethane  and  stannic  ohlorotriethide, 
felQjy*  +  HC1  =  CtH,  +  SnfCjHjJjCL 
wSftSHfe*  *MC  A)*  w  prod110**  DT  tne  action  of  plumbic  ohloride 

gano-,        «ftlW.).  +  2PbCl,  =  2Zna,  +  Pb  +  Pb(C,H,)4. 

tion  of  h.  f  Jfciuid,  soluble  in  ether  but  not  in  water.     It  is  not 

sino  ethide;  ~w  tam»«raturea ;  but  chlorine,  bromine, 
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and  iodine  act  violently  upon  it,  in  the  same  manner  m  on  stannic  ethide, 
forming  plumbic  chloro-triethide,  Pb(C,Hs)sCl,  &o.  Plumbic  ethide  ia 
interesting,  as  affording  a  proof  that  lead  is  really  a  tetrad  (p.  898.) 

Tellurethyl,  Te//(C,H5)?,  is  obtained  by  distilling  potassium  telluride 
with  potassium  ethylsulphate.  It  is  a  heavy,  oily  liquid  of  yellowish-red 
color,  very  inflammable,  and  having  a  most  insufferable  odor.  It  acts  as  a 
bivalent  radical,  uniting  directly  with  chlorine,  bromine,  oxygen,  &c,  to 
form  compounds  in  which  the  tellurium  enters  as  a  tetrad,  e.  g.,  TelT(CtHft). 
CI,,  Te»*(CtH5),0",  Ao.  The  nitrate  Te(C,H4),(NOg)r  is  obtained  by  treat- 
ing tellethuryl  with  nitric  acid ;  the  other  salts  by  double  decomposition ; 
the  chloride,  for  example,  settles  down,  as  a  heavy  oil,  on  adding  hydro- 
chloric acid  to  a  solution  of  the  nitrate.  The  oxide  is  best  prepared  by 
treating  the  chloride  with  water  and  silver  oxide.  It  dissolves  in  water, 
forming  a  slightly  alkaline  liquid. 

Tclluro-mtthyl  Te(CH,),,  and  teUuramyl,  Te(CftHl))s,  are  similar  in  their 
properties  to  tellurethyL  The  corresponding  selenium  compounds  have  like- 
wise been  obtained. 

There  are  also  compounds  of  sulphur  with  alcohol-radicals  in  which  the 
sulphur  plays  the  part  of  a  quadrivalent  element,  vis  ,  the  triethylsulphurous 
compound*,  already  described  (p.  680). — Sulphurous  iodo-triethide,  SiT(C,H«),I, 
for  example,  is  produced  by  combination  of  ethyl  monosulphide,  S(C,H5)r 
with  ethyl  iodide,  CsHftI. 

Other  compounds,  in  which  the  sulphur  may  be  regarded  as  a  hexad, 
are  obtained  by  combining  ethyl  sulphide  and  ethene  sulphide  with  ethene 
dibromide:  thus  sulphuric  diethene-dibromide,  8lT(Cj,H.)//fBrJ,  is  formed  by 
combination  of  S(C,H4)  with  CsH4Brr  and  sulphuric  diethyl-ethene-dibromidH, 
STt(CaH9),(CtH4)//Brs,  in  like  manner  by  combination  of  S(CtH9),  with 
C,H4Brr 


AMIDES. 

We  hay*  had  frequent  occasion  to  speak  of  these  compounds,  as  derived 
from  ammonium-salts  by  abstraction  of  water,  or  from  acids  by  substitu- 
tion of  amidogen,  NHr  for  hydroxy  1,  OH,  or  from  one  or  more  molecules 
of  ammonia  by  substitution  of  acid-radicals  for  hydrogen.  They  are 
divided  (like  amines)  into  monamides,  diamides,  and  triamides,  each  of 
which  groups  is  further  subdivided  into  primary,  secondary,  and  tertiary 
amides,  accordingly  as  one-third,  two-thirds,  or  the  whole  of  the  hydrogen 
is  replaced  by  acid-radicals.  If  the  hydrogen  is  replaced  partly  by  acid- 
radicals,  and  partly  by  alcohol-radicals,  the  compound  is  called  an  alkala- 
mide;  for  example,  ethylacetamide,  NH(ClHl)(GsHsO) ;  ethyldiacetamide. 
N(C,H§)(C,H,0)r 


AMIDES  DERIVED  FROM  MONATOMIC  ACIDS. 

A  monatomie  acid  yields  but  one  primary  amide,  which  may  be  formed : 
1.  From  its  ammonium-salt  by  abstraction  of  a  molecule  of  water,  under 
the  influence  of  heat ;  thus : 

CH 
CH,(NH4)0,    -    H,0    =    C.H.NO    =      I    "         =    n{&H*° 
Ammonium  Aoetamide.  CONHf  K^ 

acetate. 

These  amides  are  also  produoed:    2.  By  the  action  of  ammonia  on  acid 
chlorides ;  e,  g. : 

CflflCl        +        NH,        =        HC1        +        NH^CAO). 

This  method  is  especially  adapted  to  the  preparation  of  those  amides  which 
are  insoluble  in  water. 
8.  By  the  action  of  ammonia  on  oompound  ethers : 

CjHjO.OCjH,     +     NHt     =      HOCA     +     NH,(CIH,0). 
Ethyl  acetate.  Ethyl  alcohol.  Acetamide. 

Acetamide,  which  may  be  regarded  as  a  type  of  primary  monamides,  is  a 
while  crystalline  solid  melting  at  78°  C.  (172°  F.}f  and  boiling  al  221°  or 
222°  C.  (430°  F,),  When  heated  with  acids  or  with  alkalies  it  takes  np 
water  and  is  converted  into  acetic  acid  and  ammonia,  Di§til*ed  with  phos- 
phoric o*Ule«  it  gives  up  water  nnd  is  conTerted  into  atttomlrih  or  methyl 
cyanule,  CJI^O.  —  11,0  =  C^N.  Heated  tn  a  stream  of  dry  hjdrochlo- 
ric  acid,  it  yields  dmertamide,  together  with  other  product*: 

SNH^H.O)      +      HC1      =      WMflk      +      NB(GJH,0)r 

Acetamide  acts  both  as  a  base  »ud  M  an  acid,  combining  with  hydrochloric 
and  with  nitric  acid,  and  likewise  forming  tails  to  which  one  atom  of  its 
hydroun  is  m|riaced  by  a  met*! :  mlvtr-antemvtt,  Cttf,N  AgO   for  example, 
Malline  scales  by  saturating  an  aqueous  solution  of  ace- 
tamide with  silTer  ftlMfrj  r  ^ 
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Benzamide,  CTHfNO  =  NHt(C7H§0),  is  produced  by  methods  similar  to 
those  above  given  for  the  formation  of  acetamide ;  also  by  oxidizing  hip- 
pnrio  acid  with  lead  dioxide : 

CtH,N08      +      O,      =      C7HtNCl      +      2CO,      +      H,0 

Bemamide  is  a  crystalline  substanoe  nearly  insoluble  in  cold  water,  easily 
soluble  in  boiling  water,  also  in  alcohol  and  ether;  it  melts  at  1 15°  C.  (239°  F. ), 
and  volatilises  undecomposed  between  286°  and  290°  C.  (647°-664°  F.).  Its 
reactions  are  for  the  most  part  similar  to  those  of  acetamide.  Heated  with 
bentoic  oxide  or  chloride,  it  yields  bensonitrile  and  benzoic  acid : 

C^NO      +      (CTH50),0      =        CTHfN      +      2C?H,0, 
Benzamide,         Benzoic  oxide.        Benzomtrile.      Benzoic  acid. 

C?H7NO      +       CjHfOCl        =        CTH,N      +    C?H60,4-Ha 
Benzamide.      Benzoic  chloride.       Benzomtrile.  Benzoic  acid. 

Heated  with  fuming  hydrochloric  acid,  it  forms  hydrochloride  of  bens- 
amide,  CvHvNO .  HC1,  which  separates  on  cooling  in  long  aggregated  prisms. 
Its  aqueous  solution  dissolves  mercuric  oxide,  forming  benzomercuramide, 

Secondary  monamidee  are  those  in  which  two  atoms  of  hydrogen  in  a  mole- 
cule of  ammonia  are  replaced  by  two  univalent  or  one  bivalent  acid-radi- 
cal, or  by  one  acid-radical  and  one  alcohol-radical.  Those  containing  only 
univalent  radicals  are  formed  bv  the  action  of  dry  hydrochloric  acid  gas 
on  primary  monamides  at  a  high  temperature ;  e.g.: 

2NH,(CfHgO)      +      HC1      =      NH4C1      -f-      NHfC^O), 
Acetamide.  Diaoetamide. 

Those  containing  bivalent  acid-radicals  are  called  midet ;  e.g,  sucoinimides, 
NHrCfHjO,)".  They  are  derived  from  bibasic  acids,  and  will  be  noticed 
farther  on. 

Secondary  monamidee  (alkalamides)  containing  an  acid-radical  and  an 
alcohol-radical,  are  formed  by  processes  similar  to  those  above  given  for 
the  formation  of  the  primary  monamides,  substituting  amines  for  ammo- 
nia; thus: 

NH,(C,HS)    +    CAOC1  =    HC1         +  NH(C,Hs)(C,HfO) 

Ethylamine.  Acetic  Ethyl-aoetamide. 

chloride. 

NH.(C,H5)    +    C,HfO(OC,Hs)   =    HOC,H,  +  NHfCjH^CjHjO) 
Ethylamine.  Ethyl  acetate.  Alcohol.        Ethyl-acetamide. 

They  are  crystalline,  and  for  the  most  part  do  not  combine  with  acids. 
When  boiled  with  acids  or  alkalies,  they  take  up  water  and  regenerate 
their  acid  and  primary  amine ;  thus : 

NHfC.HjHCjHjO)    +    HOH    =    C,HtO(OH)    +    NHf(C,H6) 
Phenyl-acetamide.  Aoetic  acid.  Aniline. 

Tertiary  numamidei  are  those  in  which  the  whole  of  the  hydrogen  in  one 
molecule  of  ammonia  is  replaced  by  acid-radicals  or  by  acid-  and  alcohol- 
radieala.  Those  of  the  latter  kind,  called  tertiary  alkalamides,  are  produced 
by  the  action  of  acid  chlorides  on  secondary  alkalamides : 

NH(CfH5)(C1HpO)    +     CyH6OCl    =    HC1    +    N(C.H.)(C7H50), 
Phenyl-benzamide.  Benzoyl  Phenyl-dibenzamide. 

chloride. 
66* 
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Or  by  the  action  of  monatomie  acid  oxides  on  cyanic  ethers ;  e.  g. : 

(CAO),0    +    N(CO)"(C,Hs)    =    CO,    +    N(GaHs)(GsH80)B 
Aoetio  oxide.  Ethyl  cyanate.  Ethyl-diaoetamide. 


AMIDE8  DERIVED  FROM  DIATOMIC  AND  MONOBASIC  ACIDS. 

Aolds  of  this  group  may  give  rise  to  two  monamides,  both  formed  by 
substitution  of  one  equivalent  of  NH,  for  OH,  and  therefore  baring  the 
same  composition.  They  are  however  isomeric,  not  identical,  the  one 
formed  by  replacement  of  the  alcoholic  hydroxyl  being  acid,  while  the 
other,  formed  by  replacement  of  the  basic  hydroxyl,  is  neutraL  The  acid 
amides  thus  formed  are  called  amic  add*.  Glycollic  acid,  for  example, 
yields  glycollamic  acid  and  glyeollamide,  both  containing  C1HlNOs: 

CHtOH  CH^NH,  CH,OH 

COOH  COOH  CONH, 

Glycoilio  Glycollamic  Glyeollamide. 

acid.  acid. 

These  amic  acids  and  amides  are  sometimes  represented  as  derived  from  a 
molecule  of  ammonia  and  a  molecule  of  water,  bound  together  by  the  sub- 
stitution of  a  diatomic  acid-radical  for  two  atoms  of  hydrogen;  thus: 


h:}o  (c$<»"}s 


Type.  Glycollamic  acid. 

The  amic  acids  of  this  group  are  identical  with  the  amidated  acids  de- 
rived from  the  corresponding  monatomic  acids,  CbH^CL,  by  substitution  of 
amidogen  for  hydrogen  ;  thus  glycollamic  acid  is  identical  with  amidacetic 
acid ;  laotamic  with  amidopropionic ;  leucamio  with  amidocaproic  acid ;  for 
example : 

CHt  CH,(NHJ  CH,(OH) 

COOH  COOH  COOH 

Acetio  acid.  Amidacetio  or  Glycollic  acid. 

Glycollamic  acid. 

These  amic  acids  are  formed,  as  already  observed,  by  the  action  of  am- 
monia on  the  monochlorinated  or  monobrominated  derivatives  of  the  fatty 
acids;  the  corresponding  neutral  amides  are  produced  by  the  action  of 
ammonia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  the  corresponding 
oxides  or  anhydrides,  or  on  the  ethylic  ethers  of  glycollic  and  lactic  acids ; 
thus: 

VJifli        +        NHg        =        C,HTNO, 
Lactide.  Lactamide. 

CJUOH)  C,H4OH 

I  +        NH.H     =        HOC,Hs      +        I 
CO(OC,H6)  CONH. 

Ethyl  lactate.  Alcohol.  Lactamide. 

Leucamide,  the  neutral  ether  of  lencic  acid,  is  not  known. 

The  amic  acids  of  this  series  possess  basic  as  well  as  acid  properties,  and 
are  therefore  often  designated  by  names  ending  in  ine,  the  ordinary  ter- 
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mination  for  organic  bates,  glygollamio  acid  being  designated  as  glycerine, 
lactamic  acid  as  alanine,  leuoamio  acid  as  leucine  (pp.  614,  615,  620). 

Amidobenzoic  acid,  C7H.(NHf)Or  or  CfH4(NH,) .  COxH,  produced  from 
nitro-bensoio  acid,  CTH4(NO,)Or  by  the  action  of  hydrogen  sulphide,  may 
also  be  regarded  as  oxy-beruamic  add,  derived  from  oxy-benzoic  acid,  CfH4 
(OH)  .  CO.H,  by  substitution  of  NHt  for  OH. 

Diamidobenxoie  add,  CyH4^NHt)sOr  formed  in  like  manner  from  dinitro- 
bensoic  acid,  may  also  be  viewed  as  dioxybenzamie  add,  derived  from  a  hy- 
pothetical dioxybensoio  acid,  CcHs(OH)s .  CO, H ;  but  according  to  the  mode 
of  formation  of  these  acids,  they  are  more  conveniently  regarded  as  deriva- 
tives of  bensoio  acid.  Similar  remarks  apply  to  the  amidated  acids  derived 
from  the  homologues  of  bensoio  acid. 


AMIDES  DERIVED  IROM  DIATOMIC  AND  BIBASIC  ACIDS. 

Each  acid  of  this  group  may  give  rise  to  three  amides:  vis.,  1.  An  acid, 
amide,  or  amie  add,  formed  from  the  acid  ammonium-salt  by  abstraction  of 
one  molecule  of  water.  —  2.  A  neutral  monamide  or  imide,  formed  from  the 
acid  ammonium-salt  by  abstraction  of  two  molecules  of  water.  —  8.  A  neu- 
tral diamide,  derived  from  the  neutral  ammonium-salt  by  abstraction  of  two 
molecules  of  water.     Thus  from  succinic  acid,  (C4H4Oa)//(OH)s  are  derived : 

C,Hi(NH,)04-H,0=C4HTNO,=  (C4H40,)"(NH,)(OH)  =  (C.H.'o,)"  Ig 
Aeid  ammonium  Succmamic  H  J 

succinate.  acid. 

C4Hf(NH4)04-2HJ0=C4H8NO=(C4H4Oa)^(NH)//         -  (C4H40,)"  \  N 
Acid  salt.  Suocinimide.  H  / 

C4H4(NH4)  0<-2H,0=C4HtN10,=(C,H40,)"(NH,)J         =  (C4W'  1  „ 
Neutral  salt.  Succmamide.  H4  /    * 

The  amic  acids  of  this  group  are  produced : 

1.  By  the  action  of  heat  on  the  aoid  ammonium-salts  of  the  correspond- 
ing acids. 

2.  By  the  action  of  aqueous  ammonia  on  the  neutral  ethers  of  bibasic 
acids;  e.g.: 

(C,0,)"(OCfHs)f  +  NHt  +  H(OH)  =  2H(OC,H§)  +  (CfOf)"(NHf)(OH) 
Ethyl  oxalate.  Alcohol.  Ozamic  acid. 

3.  By  boiling  imides  with  ammonia,  under  which  circumstances  they 
take  up  a  molecule  of  water  and  are  converted  into  amic  acids ;  thus  suc- 
cinimide,  C4H6NOp  with  H,0  forms  succinamic  acid,  C4HTNO,. 

The  typic  or  extra-radical  hydrogen  in  these  amides  may  also  be  replaced 
by  alcoholic  or  by  acid  radicals,  thereby  producing  alkalamides,  secondary 
and  tertiary  diamides,  Ac.  The  mode  of  producing  such  compounds  may 
be  understood  from  the  following  equations : 

(CtO.)'/(ONHICHt)OH    —    HaO  ==       (CU)fl)"NH(CHa) .  (OH) 
Acid  methylammo-  Methyloxamic  acid, 

mum  oxalate. 

(C4H4O,)"0  +     HH^C,H,)  =       2H.0  +  N(C,H,)(C4H40,)" 

Succinic  Aniline.  Phenylsuccin- 

oxide.  imide. 

(CA)"(OC,Hs),  +     2NH,(CHt)  =     2H(OC,H6)   +  N,H,(C,0,)"(CH  ), 
Ethyl  oxalate.           Methylamine.  Ethyl  alcohol.      Dimethyl-oxamido. 
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(CO)Cli  +    2NH?(CfH$)     =      2HCI        +      XMOOY'QBJB& 

Carbonyl  Aniline.  Diphenyl-carbonide. 

chloride. 

SN(C4H40,)"Ag   +    (CAO.K'Cl,  =      2AgCl      +        N,(C4H40,)". 
Argentosucein*  Suecinjl  Trisuccinamide. 

imide.  chloride. 

AmidM  of /tebaaie  Add.  —  Carbonic  ada\  (CO)"(NH,)(OH), is  not  known 
In  the  free  state,  that  is,  as  a  hydrogen-salt,  but  its  ammonium-salt,  (CO)" 
(NH,)(ONH4),  is  produced,  as  already  noticed  (p.  814),  by  the  direct  com- 
bination of  carbon  dioxide  and  ammonia-gas.  This  salt  is  easily  obtained 
pure  and  in  large  quantity  by  passing  the  two  gases,  both  perfectly  dry, 
into  cold  absolute  alcohol,  separating  the  copious  crystalline  precipitate  by 
filtration  from  the  greater  part  of  the  liquid,  and  heating  it  with  absolute 
alcohol  in  a  sealed  tube  to  100°,  or  above.*  The  liquid,  on  cooling,  de- 
posits ammonium  carbamate  in  large  crystalline  laminae.  This  salt,  if  per- 
fectly dried  oyer  oil  of  vitriol,  and  then  heated  in  a  sealed  tube  to  13O°-140° 
C.  (266°-284°  F.),  splits  up  into  ammonium  oarbonate  and  urea,  one  mole- 
cule of  it  giving  up  a  molecule  of  water  to  another: 

2CNfH,0,         =  CN,H40         +  CNsH,0, 

Ammonium  Urea.  Ammonium 

carbamate.  carbonate. 

Hence  Eolbe  concludes  that  urea  is  the  amide  of  carbamio  acid,  not  the 
amide  of  carbonic  acid ;  but  it  is  not  easy  to  see  in  what  the  supposed  dif- 
ference consists ;  for  carbonic  acid  being  (CO)//(OH)(OH),  and  carbamie 
acid,  rCO)//(NH.)(OH),  the  amide  of  the  latter  must  be  identical  with  the 
diamide  of  the  former.  It  appears,  also,  from  the  observations  of  Basa- 
roff,  that  ordinary  commercial  ammonium  oarbonate,  when  treated  in  the 
manner  just  described,  likewise  yields  urea.  On  the  other  hand,  the  ex- 
periments of  Wanklyn  and  Gamgee,  already  quoted  (p.  722),  seem  to  show 
that  urea  is  essentially  different  from  carbamide,  f 

Cabbamic  Ethers.  —  Carbamie  acid  forms  acid  and  neutral  ethers,  ac- 
cordingly as  an  atom  of  hydrogen  in  the  group  NH,  or  OH  is  replaced  by 
an  alcohol-radical. 


JBtkylcarbamk  add,  (CO)" .  NH(C1H6) .  OH,  is  not  known  in  the  free 
state,  but  its  ethylammonium-salt,  (CO)".  NH(C,H§) .  ONH^CjH,),  is  pro- 
duced, as  a  snow-white  powder,  by  passing  carbon  dioxide  into  anhydrous 
ethylamine  cooled  by  a  freezing  mixture.  Its  aqueous  solution,  like  that 
of  ammonium  carbamate,  does  not  precipitate  barium  chloride  unless  aided 
by  heat.  The  methylammonium-salt  of  nuthylcarbamic  add  is  obtained  in 
a  similar  manner.  Phenylcarbamic  add,  (CO)"  .  NH(CfH6) .  OH,  also  called 
carbanilic  and  anthranilic  add\  isomeric  with  amidobenzoio  acid,  is  obtained 
by  boiling  indigo  with  potash  and  manganese  dioxide.  It  is  a  crystalline 
body,  soluble  in  water,  and  converted  by  nitrous  acid  into  salicylic 
(phenyl-carbonio)  acid,  with  evolution  of  nitrogen: 

(CO)".  NH(CfH§) .  OH  +  NO,H  =  (CO)".  OC€Hf.  OH  +  H,0  -f  Nr 
Phenyl-carbamio  acid.  Phenyl-carbonio 

acid. 

The  neutral  carbamie  ethers  are  called  urethanet.  Ethyl  carbamate* 
(CO)".  Nil, .  OCjHp  called  simply  ureihant,  U  formed  by  leaving  ethyl  car- 

•  Kotbe  and  Basartrf,  Chem.  8oc.  Journal  [2],  *i.  104. 

f  BaaaroflTs  experiment!  have  not  yet  been  published  In  detail,  and  then  is  no  proof  given 
in  the  paper  afore  referred  to.  thatjhftarapoaiid  obtained  fey  the  dehydration  of  ammomtnm 
carbamate  was  really  urea  <~* 
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bonate  in  contact  with  aqueous  ammonia ;  and  by  the  action  of  ammonia 
on  ethyl  chlorocarbonate  (alcohol  saturated  with  carbonyl  chloride) : 

(CO)"(OC,H$)C1    +    NHt    «    HC1    +    (COy'(BRt)(OCsKJ 

It  forms  colorless  crystals  easily  soluble  in  water.  Methyl  carbamate,  mctky- 
lie  vretkawe  or  urelkylane,  and  amyl  carbamate  or  amylic  uretAane,  are  obtained 
in  like  manner. 

Garbamie  acid  in  which  the  whole  of  the  oxygen  is  replaced  by  sulphur, 
constitutes  eidpho-carbamic  acia\  (CS)//(NH1)(SU).  There  is  also  an  oxy- 
snlpko-tarbamk  add,  (CS)"(NH,)(Ofl),  the  ethylio  ether  of  whioh  is  wmi- 
tAamide,  (CS/^NHjHOCjH,)  (p.  661). 

Cabbimidb,  (CO)"(NH)"  or  N  |  *  g0)",  is  the  same  as  cyanic  acid ;  and 

many  of  the  reactions  of  cyanic  acid  are  most  naturally  represented  by 
the  formula  just  given,  especially  its  conversion  into  carbon  dioxide  and 
ammonia  under  the  influence  of  acids  or  alkalies: 

NH(CO)"        +        H,0        =        NH,        +        (CO)"0, 

and  the  corresponding  formation  of  ethylamine  and  its  homologues  by  dis- 
tilling cyanic  ethers  with  potash. 

Carbamids,  CN,H40  or  N,(CO)//H4. — This  compound  is  produced  by  the 
action  of  ammonia-gas  on  carbonyl  chloride: 

COC1,        +        2NHt        =        2HC1        +        N,COH4; 

also  by  the  action  of  ammonia  on  ethyl  carbonate,  and  by  the  decomposi- 
tion of  oxamide  at  a  red  heat:  CsO,NJI4  =  CON,H4  -f  GO.  It  bears  a  very 
close  resemblance  to  urea;  the  only  difference  indeed  yet  observed  between 
the  two  compounds,  is  in  the  products  which  they  yield  when  oxidised  by 
potassium  permanganate  in  presence  of  free  alkali  (p.  722). 

Amides  of  Oxalic  Acid.  —  Oxamic  acid,  C^NH.O,  =  (CsCL)''(NH,)(OH), 
is  produced  by  heating  acid  ammonium  oxalate  to  about  280° ;  also  as  an 
ammonium-salt  by  boiling  oxamide  with  aqueous  ammonia :  C,H4N,0,  -f 
HsO  =  CfHs(NH4)NOs.  Oxamic  acid  is  a  white  crystalline  powder,  spar- 
ingly soluble  in  cold  water,  still  less  soluble  in  alcohol  and  ether.  It  is 
monobasic,  and  forms  numerous  crystalline  metallic  salts. 

Oxamic  ethere  may  be  formed  by  substitution  of  ethyl-radicals  for  hydro- 
gen, either  in  the  group  NH,  or  in  the  group  OH  of  oxamio  acid,  the  re- 
sulting ethers  being  acid  in  the  former  case,  neutral  in  the  latter.  The 
neutral  ethers,  also  called  ozametkanee  (p.  660),  are  formed  by  the  action  of 
ammonia,  in  the  gaseous  state  or  in  alcoholic  solution,  on  neutral  oxalic 
ethers;  thus: 

(C.O.V'fOC.H,),  +   NHt  =  HOC.H,   +    (Cfl,)"(Snt)(OCtB§) 
Ethyl  oxalate.  Alcohol.  Ethyl  oxamate. 

They  are  crystalline  bodies  soluble  in  alcohol,  decomposed  by  boiling  water, 
yielding  ammonium  oxalate  and  the  corresponding  alcohol. 

The  acid  ethers  of  oxamic  acid,  containing  one  equivalent  of  alcohol- 
radical,  are  produced  by  dehydration  of  the  acid  oxalates  of  the  corre- 
sponding amines ;  thus : 

(C1Ot)"(°NHiCfHs)(OH)    _    OH,    =    (CAV'rNH(CfH$)KOH) 
icld  ithylammonium  Ethyloxamic  acid, 

oxalate. 
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Methyloxamic  and  phenyloxamie  acids  are  also  known.  These  acid  ethers 
are  me  tamer ic  with  the  neutral  oxamie  ethers  containing  the  same  alcohol- 
radicals. 

The  replacement  of  both  the  hydrogen-atoms  in  the  group  NH,  in  oxamie 
acid,  would  also  yield  monobasic  acid  ethers ;  none  of  these  are,  however, 
known  in  the  free  state,  but  the  ethylic  ethers  of  dimethyl-  and  dietbyl- 
oxamic  acids  have  been  obtained;  e.  y.,  ethylic  dimetkyl-ozamate,  (C.O.)"N 
(CHt),(OCfH§). 

The  tmtde  of  oxalic  acid  is  not  known. 

Oxamioi,  Nt(C,Of)//H4.  —  This  compound  is  produced  by  the  action  of 
heat  on  neutral  ammonium  oxalate  (p.  659),  but  is  more  advantageously 
prepared  by  the  action  of  ammonia  on  neutral  ethyl  oxalate.  It  is  also 
formed  in  several  reactions  from  cyanogen  and  cyanides:  an  aqueous  solu- 
tion of  hydr  jcyanic  acid,  mixed  with  hydrogen  dioxide,  yields  a  crystal- 
line deposit  of  oxamide:  2CNH  +  H,0,  =  CLN,H4Or 

Oxamide  is  a  white,  light,  tasteless  powder,  insoluble  in  cold  water, 
slightly  soluble  in  boiling  water,  insoluble  in  alcohol.  Heated  in  an  open 
tube,  it  volatilises  and  forms  a  crystalline  sublimate ;  but  its  vapor,  passed 
through  a  red-hot  tube,  is  completely  resolved  into  carbon  monoxide,  am- 
monium carbonate,  hydrocyanic  acid,  and  urea  (or  carbamide) : 

2GJSJlflt    =    CO    -f    CO,    +    NH,    +    CNH    +    CN,H40. 

Dilute  mineral  acids  decompose  it,  yielding  an  ammonium-salt  and  free 
oxalic  acid ;  t.  g. : 

C,NfH40,    +    S04H,    +    2H,0    =     SO^NHJ,    +    C,H,04- 

Dimethylozomide,  N^CW'H^CH,),,  is  produced  by  the  dry  distillation 
of  methylammonium  oxalate; 

C,(CHiN)104        -        2H,0        =        CfNA(CHt),Or 

Diethylamide,  diamyloxamide,  diphenyloxamide,  and  dinaphthyloxamide, 
are  obtained  in  a  similar  manner. 


AMIDES  DERIVED  FROM  ACIDS  OF  HIGHER  ATOMICITY. 

8  is  somewhat  limited :  we  shall 
om  citric  acid. 

which  is  triatomic  and  bibasic,  forms  an 


Our  knowledge  of  these  amides  is  somewhat  limited :  we  shall  notice  only 
those  derived  from  malic  and  from  citric  acid. 


Malic  acid,  (C.IW'fOH)., 
acid  amide  and  a  neutral  amide : 

fOH  fOH  fOH 

<CsW''{gg  ^H.O,)-|NHt  CT.W''{™. 

Malic  acid.  Malamic  acid.  Malamide. 

MaUmide  is  deposited  in  small  crystals,  when  ammonia-gas  is  passed  into 
an  alcoholic  solution  of  ethyl  malate: 

nn/PH^O.        4-        2NH,        a-        2C,H60        +        C4H^O, 
ffiK        +  Alcohol.  MaUmide. 

Mxlamie  orid,  C«HTN(V  is  not  known  in  the  free  state;  but  its  ethylic 
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ether,  or  malamethane,  C4H6(CsHs)N04,  is  produced  as  a  crystalline  mass, 
when  dry  ethyl  malate  is  saturated  with  ammonia-gas: 


C4H4(C,H,),05    +    NH,    = 


C4H,(C,H5)N04. 


Malamide  is  metameric,  not  identical,  with  asparagin,  a  substance  found  in 
the  root  of  marsh -mallow,  in  asparagus-shoots,  and  in  several  other  plants. 
To  prepare  asparagin,  marsh-mallow  roots  are  chopped  small,  and  mace- 
rated in  the  cold  with  milk  of  lime ;  the  filtered  liquid  is  precipitated  by 
carbonate  of  ammonia;  and  the  clear  solution  evaporated  in  the  water- 
bath  to  a  syrupy  state.  The  impure  asparagin,  which  separates  after  a 
few  days,  is  purified  by  re-crystalliiation.  Asparagin  forms  brilliant, 
transparent,  colorless  crystals,  which  have  a  faint,  cooling  taste,  and  are 
freely  soluble  in  water,  especially  when  hot.  When  dissolved  in  a  saccha- 
rine liquid,  which  is  afterward  made  to  ferment,  or  when  heated  with 
water  under  pressure  in  a  close  vessel,  or  when  boiled  with  an  acid  or  an 
alkali,  it  is  converted  into  ammonia  and  aspartic  acid,  an  acid  metamerio 
with  malamio  acid. 

Asparagin  differs  from  malamide  in  crystalline  forms;  moreover,  it  con- 
tains water  of  crystallisation,  the  composition  of  the  crystals  being  C4Ht 
NtO, .  H.O,  whereas  those  of  malamide  are  anhydrous.  The  two  sub- 
stances differ  also  in  their  action  on  polarized  Jight,  malamide  having  a 
specific  rotatory  power  of  — 47*5°,  whereas  that  of  asparagin  in  an  acid 
solution  is  -\-  35°,  and  in  an  ammoniacal  solution  — 11°  18'.  Lastly,  mal- 
amide, when  treated  with  alkalies,  is  easily  resolved  into  ammonia  and 
malic  acid,  whereas  asparagin,  as  already  observed,  yields  ammonia  and 
aspartic  acid. 

The  difference  of  constitution  between  these  metameric  bodies  may  be 
represented  by  the  following  formulae  : 


COOH 

CHOH 

CH, 

COOH 
Malic  acid. 


COOH 

CHNH, 

CH, 

COOH 

Aspartic 

acid. 


CONH, 

CHOH 

CH, 

COOH 

Malamio 

acid. 


CONH, 


HNH, 


CH, 

COOH 
Asparagin. 


CONH, 

CHOH 

CH, 

CONH, 
Malamide. 


These  formulae  indicate  that  aspartic  acid  is  bibasic,  malamio  acid  and 
asparagin  monobasic,  and  malamide  neutral.  Now,  malamide  is  certainly 
neutral,  and  asparagin  forms  salts  by  substitution  of  metals  for  one  of  its 
hydrogen-atoms.  The  basicity  of  malamio  and  aspartic  acids  is  not  very 
distinctly  made  out.  Aspartic  acid  is  commonly  said  to  be  monobasic, 
forming  neutral  salts,  like  C4H.KN04l,  and  likewise  basic  salts  ;  but  the  as- 
patates  have  not  been  very  fully  investigated,  and  it  is  quite  possible  that 
these  so-called  basic  salts  may  really  be  neutral. 

There  are  also  phenylated  amides  of  malic  acid,  viz.,  diphenyl-malamide 
or  malaniiidc,  C.H^CgH, ),N,Or  and  phenyl-malimide  or  molanil,  CwH,NO,  a 

(C4H,01)///  {  krj  ij   »  produced  simultaneously  by  fusing  malic  acid  with 

aniline;    and  phenyl-malamic  or  malanilic  acid,  C]0H„NO4  =   (C4H,Ot)/// 

(OC.H, 

<  NH,    ,  obtained  as  an  ammonium-salt  by  boiling  phenyl-malimide  with 

I  OH 
aqueous  ammonia. 

Lastly,  the  action  of  heat  on  acid  ammonium-malate  yields  malamyl-nitrile, 
(C4H,Ot)///N,  which  is  identical  with  the  imide  of  fumaric  acid,  and  when 
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boiled  with  hydrochloric  or  nitric  acid,  yields  compounds  of  these  acids 
with  an  optically  inactive  variety  of  aspartic  acid :  C4HtOJN  -|-  2HsO  as 
C«HTN04. 

Amidis  or  Citric  Acid.  —  Citramide,  N1(CfH6Oi)///Hr  is  a  crystalline 
compound,  slightly  soluble  in  water,  obtained  by  the  action  of  alcoholic  am- 
monia on  ethyl  or  methyl  citrate.  —  Triphtnyl-citramide,  N,(CfH,04)//'r(C# 
H5).H,,  obtained  by  the  action  of  heat  on  neutral  phenylammonium  citrate, 
CtH8(C.HtN)s04,  from  which  it  differs  by  8H,0,  crystallises  from  aloohol 
in  colorless  striated  prisms. 

Citrimide  and  citramic  aoid  are  not  known ;  bat  phenylic  derivatives  of 
these  amides  have  been  obtained. 


TOCLASSrFTED  ORGANIC  COMPOUNDS. 

Thkbb  are  still  many  organic  compounds  especially  those  obtained  from 
natural  sources,  which  cannot,  in  the  present  state  of  our  knowledge,  be 
included  with  certainty  in  either  of  the  preceding  groups  or  series.  Some 
of  these  hare  been  described  in  connection  with  the  more  definitely  known 
compounds  to  which  they  are  most  closely  allied  in  their  origin  or  proper- 
ties. It  remains  to  describe  the  Organic  Coloring  principles,  the  Resins 
and  Balsams,  and  the  Albuminous  and  Gelatinous  principles  of  the  living 
organism ;  these  last,  however,  will  be  most  conveniently  described  under 
the  head  of  "  Animal  Chemistry." 


ORGANIC  COLORING  PRINCIPLES. 

The  organic  coloring  principles  are  substances  of  very  considerable  prac- 
tical importance  in  relation  to  the  arts ;  several  of  them,  too,  have  been 
made  the  subjects  of  extensive  and  successful  chemical  investigation.  With 
the  exception  of  one  red  dye,  cochineal,  they  are  all  of  vegetable  origin. 

The  art  of  dyeing  is  founded  upon  an  affinity  or  attraction  existing  be- 
tween the  coloring  matter  of  the  dye  and  the-  fibre  of  the  fabric.  In  wool 
and  silk  this  affinity  is  usually  very  considerable,  and  to  such  tissues  a 
permanent  stain  is  very  easily  communicated ;  but  with  cotton  and  flax  it 
is  much  weaker.  Recourse  is  then  had  to  a  third  substance,  which  does 
possess  such  affinity  in  a  high  degree,  and  with  this  the  cloth  is  impreg- 
nated. Such  substances  are  termed  mordants.  Alumina,  ferric  oxide,  and 
stannic  oxide  are  bodies  of  this  class. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example,  is  mixed 
with  alum  and  a  little  alkali,  a  precipitate  fills,  consisting  of  alumina  in 
combination  with  coloring  matter,  called  a  lake ;  it  is  by  the  formation  of 
this  insoluble  substance  within  the  fibre  that  a  permanent  dyeing  of  the 
cloth  is  effected.  Ferric  oxide  usually  gives  rise  to  dull,  heavy  colors; 
alumina  and  stannic  oxide,  especially  the  latter,  to  brilliant  ones.  It  is 
easy  to  see  that,  by  applying  the  mordant  partially  to  the  cloth,  by  a 
wood-block  or  otherwise,  a  pattern  may  be  produced,  as  the  color  will  be 
removed  from  the  other  portions  by  washing. 

Indigo. — Indigo  is  the  most  important  member  of  the  group  of  blue 
coloring  matters.  It  is  the  product  of  several  species  of  the  genus  Indigo- 
/era,  which  grow  principally  in  warm  climates.  When  the  leaves  of  these 
plants  are  placed  in  a  vessel  of  water  and  allowed  to  ferment,  a  yellow  sub- 
stance is  dissolved  out,  which  by  contact  of  air  becomes  deep-blue  and  in- 
soluble, and  finally  precipitates.  This,  washed  and  carefully  dried,  con- 
stitutes the  indigo  of  commerce.  It  is  not  contained  ready  formed  in  the 
plant,  but  is  produoed  by  the  oxidation  of  some  substance  there  present. 
Neither  is  the  fermentation-  essential,'  as  a  mere  infusion  of  the  plant  in 
hot  water  deposits  indigo  by  standing  in  the  air. 

The  occurrence  of  small  quantities  of  indigo  in  urine  had  been  observed 

by  Haasall  and  others:  it  was,  however,  generally  considered  as  a  morbid 

secretion ;  but  lately  Dr.  Schunck  has  proved  that  traces  of  indigo  may  be 

procured  from  healthy  urine.    The  process  by  means  of  which  this  object 
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may  be  obtained  is  rather  complicated.  For  a  description  of  this  process, 
and  for  a  full  account  of  his  researches  on  the  formation  of  indigo-blue, 
which  would  overstep  the  limits  of  this  elementary  work,  the  reader  is  re- 
ferred to  Dr.  Sohunck's  original  papers.* 

Indigo  comes  into  the  market  in  the  form  of  cubic  cakes,  which,  when 
rubbed  with  a  hard  body,  exhibits  a  copper-red  appearance :  its  powder 
has  a  deep-blue  tint.  The  best  indigo  is  so  light  as  to  float  upon  water. 
In  addition  to  the  blue  coloring  matter,  or  true  indigo,  it  contains  at  least 
half  its  weight  of  various  impurities,  among  which  may  be  noticed  a  red 
resinous  matter,  the  indigo-rtd  of  Berzelius :  these  may  be  extracted  by  boil- 
ing the  powdered  indigo  in  dilute  acid,  in  alkali,  and  afterwards  in  alcohol. 
Pure  indigo  is  quite  insoluble  in  water,  alcohol,  oils,  dilute  acids,  and 
alkalies;  it  dissolves  in  about  15  parts  of  concentrated  sulphuric  acid, 
forming  a  deep-blue  pasty  mass,  entirely  soluble  in  water,  and  often  used 
in  dyeing ;  this  is  ndphindylie  or  sulphindigotic  acid,  a  compound  analogous 
to  ethyl-sulphuric  acid,  capable  of  forming  with  alkaline  bases  blue  salts, 
which,  though  easily  soluble  in  pure  water,  are  insoluble  in  saline  solutions. 
If  an  insufficient  quantity  of  sulphuric  acid  has  been  employed,  or  the 
digestion  not  long  enough  continued,  a  purple  powder  is  left  on  diluting  the 
acid  mass,  soluble  in  a  large  quantity  of  pure  water.  The  Nordhausen 
acid  answers  far  better  for  dissolving  indigo  than  ordinary  oil  of  vitriol. 
Indigo  may,  by  cautious  management,  be  volatilised :  it  forms  a  fine  pur- 
ple vapor,  which  condenses  in  brilliant  copper-colored  needles.  The  best 
method  of  subliming  this  substance  is,  according  to  Mr.  Taylor,  to  mix  it 
with  plaster  of  Paris,  make  the  whole  into  a  paste  with  water,  and  spread 
it  upon  an  iron  plate.  1  part  indigo  and  2  parts  plaster  answer  very  welL 
This,  when  quite  dry,  is  heated  by  a  spirit-lamp :  the  volatilisation  of  the 
indigo  is  aided  by  the  vapor  of  water  disengaged  from  the  gypsum,  and 
the  surface  of  the  mass  becomes  covered  with  beautiful  crystals  of  pure  in- 
digo, which  may  be  easily  removed  by  a  thin  spatula.  At  a  higher  tem- 
perature, charring  and  decomposition  take  place. 

In  contact  with  deoxidising  agents,  and  with  an  alkali,  indigo  suffers  a 
very  curious  change :  it  becomes  soluble  and  nearly  colorless,  perhaps  re- 
turning to  the  same  state  in  which  it  existed  in  the  plant.  It  is  on  this 
principle  that  the  dyer  prepares  his  indigo-vat:  6  parts  of  powdered  indigo, 
10  parts  of  green  vitriol,  16  parts  of  slaked  lime,  and  60  parts  of  water, 
are  agitated  together  in  a  close  vessel,  and  then  left  to  stand.  The  ferrous 
hydrate,  in  conjunction  with  the  excess  of  lime,  reduces  the  indigo  to  the 
soluble  state :  a  yellowish  liquid  is  produced,  from  which  acids  precipitate 
the  white  or  deoxidized  indigo  as  a  flocculent  insoluble  substance,  which  ab- 
sorbs oxygen  with  the  greatest  avidity,  and  becomes  blue.  Cloth,  steeped 
in  the  alkaline  liquid,  and  then  exposed  to  the  air,  acquires  a  deep  and 
most  permanent  blue  tint  by  the  deposition  of  solid  insoluble  indigo  in 
the  substance  of  the  fibre.  Instead  of  the  iron  salt  and  lime,  a  mixture  of 
dilute  caustic  soda  and  grape-sugar  dissolved  in  alcohol  may  be  used :  the 
Bugar  becomes  oxidized  to  formio  acid,  and  the  indigo  reduced.  On  allow- 
ing a  solution  of  this  description  to  remain  in  contact  with  the  air,  it  ab- 
sorbs oxygen,  and  deposits  the  indigo  in  the  crystalline  state. 

The  following  formula  represent  the  composition  of  the  bodies  just  de- 
scribed: 

Blue  insoluble  indigo    .  C8H*NO. 

White,  or  reduced  indigo  f    .        •        .        C,gH.,.N1CL 
Sulphindylk  acid  ....        C8H6NO.SOr 

fthieal  Society  of  Manchester,  vol.  vXl  177;  zfv.  1S1> 
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PE0DUCT6  or  ths  Decomposition  oi  Indigo.  —  The  products  of  the  de- 
structive modifications  of  indigo  by  powerful  chemical  agents  of  an  oxi- 
dizing nature  are  both  numerous  and  interesting,  inasmuch  as  they  connect 
this  substance  in  a  very  curious  manner  with  several  other  groups  of 
organic  bodies,  especially  with  those  of  the  salicyl  and  phenyl  series. 
Many  of  them  are  exceedingly  beautiful,  and  possess  very  remarkable  pro- 
perties. 

Isatut,  C,HftNOr  —  To  prepare  this  substance,  which  contains  the  ele- 
ments of  indigo  with  1  atom  of  oxygen,  1  part  of  indigo  reduced  to  fine 
powder,  and  rubbed  to  a  paste  with  water,  is  gently  heated  with  a  mixture 
of  1  part  of  sulphuric  aoid  and  1  part  of  potassium  bichromate  dissolved 
in  20  or  30  parts  of  water.  The  indigo  dissolves,  with  very  slight  disen- 
gagement of  carbon  dioxide,  towards  the  end,  forming  a  yellow-brown 
solution,  which,  on  standing,  deposits  impure  itatin  in  crystals.  These  are 
collected,  slightly  washed,  and  redissolved  in  boiling  water:  the  filtered 
solution  on  cooling  deposits  the  isatin  in  a  state  of  purity.  Or,  powdered 
indigo  may  be  mixed  with  water  to  a  thin  paste,  heated  to  the  boiling  point 
in  a  large  capsule,  and  nitric  aoid  added  by  small  portions  until  the  blue 
color  disappears :  the  whole  is  then  largely  diluted  with  boiling  water,  and 
filtered.  The  impure  isatin  which  separates  on  cooling  is  washed  with 
water  containing  a  little  ammonia,  and  recrystallized.  Both  these  pro- 
cesses require  careful  management,  or  the  oxidizing  action  proceeds  too 
far,  and  the  product  is  destroyed. 

Isatin  forms  deep  yellowish-red  prismatic  crystals  of  great  beauty  and 
lustre:  it  is  sparingly  soluble  in  cold  water,  freely  in  boiling  water,  and 
also  in  alcohol.  The  solution  colors  the  skin  yellow,  and  causes  it  to  emit 
a  very  disagreeable  odor.     Isatin  cannot  be  sublimed. 

A  solution  of  potash  dissolves  isatin  with  purple  color :  from  this  solution 
acids  precipitate  the  isatin  unchanged.  On  boiling,  however,  the  color  is 
destroyed,  and  the  liquid  yields  on  evaporation  crystals  of  the  potassium- 
salt  of  Untie  arid,  C8H7N08.  In  the  free  state  this  is  a  white  and  imper- 
fectly crystalline  powder,  soluble  in  water,  and  easily  decomposed  into 
isatin  and  water. 

By  chlorine  isatin  is  converted  into  chlorwatin,  CgH^ClNO,,  a  body  closely 
resembling  isatin  itself  in  properties.  If  an  alcoholic  solution  and  excess 
of  chlorine  be  employed,  other  products  make  their  appearance,  as  chloranil, 
CfCljO,,  triehlorophenol,  CeH8Cl,0,  and  a  resinous  substance.  The  former 
of  these  substances,  the  position  of  which  in  the  quinone  Beries  has  been 
already  noticed  /p.  681),  yields  further  products  with  potash  and  ammonia. 
BromUalm  is  easily  formed.  The  change  which  isatin  and  its  chlorinated 
and  brominated  congeners  undergo  when  submitted  to  the  action  of  fusing 
potassium  hydrate  has  been  already  considered  in  the  section  on  the  Or- 
ganic Bases  (p.  740). 

Exposed  to  the  action  of  hydrogen  and  ammonium  sulphide,  isatin  yields 
several  new  compounds,  as  itathyde,  stdphuathyck,  &o. 

A  hot  solution  of  isatin,  treated  with  ammonium  sulphide,  gives  rise  to  a 
deposit  of  sulphur,  a  white  crystallized  substanee  being  produced  at  the 
same  time :  it  has  received  the  name  of  uathyde,  and  contains  C8HeN08. 
It  bears  to  isatin  the  same  relation  as  white  to  blue  indigo.  If  the  am- 
monium sulphide  be  replaced  by  hydrogen  sulphide,  bisulphisathi/de,  CgH0NOS, 
is  produced,  which  is  derived  from  the  former  by  substitution  of  one  atom 
of  sulphur  for  oxygen.  An  alcoholic  solution  of  potash  converts  this  last 
compound  into  •ulpkUathyde,  CrtH1sN^OsS,  or  a  double  molecule  of  isathyde 
in  which  one  quarter  of  the  oxygen  is  replaced  by  sulphur.  Under  the  in- 
fluence of  cold  aqueous  solution  of  potash,  bisulphisathyde  yields  indin, 
GJ&J&Qi  which  is  polymeric  with  white  indigo.    When  treated  with  boiling 
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potash,  indin  fixes  the  elements  of  one  molecule  of  water,  and  becomes  u»- 
dinic  acid,  OgH.NOr  the  potassium-salt  of  which  forms  fine  black  needles. 

Ammoniacal  gas  and  solution  of  ammonia  yield  with  isatin  a  series  of 
interesting  substances,  containing  the  nitrogen  of  the  ammonia  in  addition 
to  that  of  the  isatin. 

Actioh  or  Chlorihi  oh  Ihdioo.  — In  the  dry  state  chlorine  has  no  action 
whatever  on  indigo,  even  at  the  temperature  of  100°.  In  contact  with  wa- 
ter, the  blue  color  is  instantly  destroyed,  and  cannot  again  be  restored. 
The  same  thing  happens  with  the  blue  solution  of  sulphindylic  acid.  When 
chlorine  is  passed  into  a  mixture  of  powdered  indigo  and  water  until  the 
color  disappears,  and  the  product  is  then  distilled  into  a  retort,  water  con- 
taining hydrochloric  acid  and  a  mixture  of  two  volatile  bodies,  trichloran- 
iline,  CcII4CltN,  and  trichlorophenol,  0,11,01,0,  pass  over  into  the  receiver, 
while  the  residue  in  the  retort  is  found  to  contain  chlorieatin,  already  men- 
tioned, and  bicfdoritatin,  CgHjCl^NO,,  much  resembling  the  former,  but  more 
freely  soluble  in  alcohol.  Both  these  bodies  yield  acids  in  contact  with 
boiling  solution  of  potash,  by  assimilating  the  elements  of  water. 

The  action  of  bromine  on  indigo  is  very  similar. 

Ahilic  ahd  Picric  Acids.  — Anilic  or  indigotio  acid  is  prepared  by  add- 
ing powdered  indigo  to  a  boiling  mixture  of  1  part  of  nitric  acid  and  10 
parts  of  water,  until  the  disengagement  of  gas  ceases,  filtering  the  hot  dark- 
colored  liquid,  and  allowing  it  to  stand.  The  impure  anilic  acid  so  obtained 
is  converted  into  the  lead-salt,  which  is  purified  by  crystallization  and  the 
use  of  animal  charcoal,  and  then  decomposed  by  sulphuric  acid.  Anilic 
acid  forms  fine  white  or  yellowish  needles,  which  have  a  feebly  acid  taste, 
and  a  very  sparing  degree  of  solubility  in  cold  water.  In  hot  water  and  in 
alcohol  it  dissolves  easily.  It  melts  when  heated,  and  on  cooling  assumes 
a  crystalline  structure.  By  careful  management  it  may  be  sublimed  un- 
changed. Anilic  acid  contains  CTH?NOft  =  CTHf(NOs)Or  The  same  acid  is 
readily  prepared  from  salicylic  acid  (p.  655).  Hence  it  is  more  appro- 
priately called  nilrosaliq/lic  acid. 

Picric,  carbazoticy  or  nitrophenisk  add,  CtrTs(N0s)t0,  already  described 
among  the  derivatives  of  phenol  (p.  552),  is  also  one  of  the  ultimate  products 
of  the  action  of  nitrio  acid  upon  indigo. 

Products  or  thi  Action  or  Potassium  Htdrati  upon  Indioo. — One 
of  the  most  remarkable  of  these,  aniline,  has  been  already  described  (p. 
739).  When  powdered  indigo  is  boiled  with  a  very  concentrated  solution 
of  caustic  potash,  it  is  gradually  dissolved,  with  the  exception  of  some 
brownish  fiocculent  matter,  and  the  liquid  on  cooling  deposits  yellow  crys- 
tals of  the  potassium-salt  of  chrytamlic  acid,  which  can  be  procured  in  a  purer 
state  by  dissolving  the  crystals  in  water,  filtering  from  reproduced  indigo, 
and  adding  a  slight  excess  of  mineral  acid.  Chrysanilic  acid  can  be  ob- 
tained in  indistinct  crystals  from  weak  alcohol ;  it  is  supposed  to  contain 
CMHaN4Oe;  but  it  is  very  probably  a  mixture  of  several  substances,  espe- 
cially isatic  acid. 

When  this  substance  is  boiled  with  mineral  acids,  it  is  decomposed  into 
anthranilic,  or  phmyl-carbamic  acid,  C7HTNO,  (p.  77G),  which  remains  in 
solution,  and  a  blue  insoluble  matter  resembling  indigo :  a  similar  effect  is 
slowly  produced  by  the  action  of  the  air  upon  an  alcoholic  solution  of  chrys- 
anilic acid.  Anthranilic  acid  is  colorless,  sparingly  soluble  in  cold  water, 
easily  soluble  in  alcohol.  It  melts  when  heated,  sublimes  under  favorable 
circumstances,  but  decomposes  entirely  when  heated  in  a  narrow  tube  into 
carbon  dioxide  and  aniline.  By  treatment  with  nitrous  acid,  it  is  converted 
into  salicylic  acid. 

According  to  Cahours,  pure  indigo  can  also  be  converted  into  salicylic 


LICHENS.  785 

acid  by  fusion  with  potash :  a  particular  temperature  ifl  required,  some- 
what above  299°  C.  (570°  F.),  and  the  operation  in  by  no  means  always  suc- 
cessful. 

Lichens. — Litmus  is  used  by  the  dyer  as  a  red  coloring  matter;  the 
chemist  employs  it  in  the  blue  state  as  a  test  for  the  presence  of  acid,  by 
which  it  is  instantly  reddened. 

In  preparing  test-papers  for  chemical  use  with  infusion  of  litmus,  good 
writing  er  drawing  paper,  free  from  alum  and  other  acid  salts,  should  be 
chosen.  Those  sheets  which  after  drying  exhibit  red  spots,  or  patches, 
may  be  reddened  completely  by  a  little  dilute  acetic  acid,  and  used,  with 
much  greater  advantage  than  tumeric-paper,  to  discover  the  presence  of 
free  alkali,  which  restores  the  blue  color. 

Many  liquids,  when  exposed  in  a  moistened  state  to  the  action  of  ammo- 
nia, yield  purple  or  blue  coloring  principles,  which,  like  indigo,  do  not 
pre-exist  in  tfie  plant  itself.  Thus,  the  Roccella  tinctoria,  the  Variolaria  or- 
eina,  the  Lecanora  tartarea,  &c,  when  ground  to  paste  with  water,  mixed 
with  putrid  urine  or  solution  of  ammonium  carbonate,  and  left  for  some 
time  freely  exposed  to  the  air,  furnish  the  archil,  litmus,  and  cudbear  of  com- 
merce, very  similar  siibstanoes,  differing  chiefly  in  the  details  of  the  pre- 
paration. From  these  the  coloring  matter  is  easily  extracted  by  water  or 
very  dilute  solution  of  ammonia. 

The  lichens  have  been  extensively  examined  by  Schunck,  Stenhouse, 
and  several  other  chemists.  The  whole  subject  has  been  lately  revised  by 
Strecker,  whose  formula  have  been  adopted  in  the  following  suocinct  ac- 
count: 

.  Ebttheic  Acid. — The  liohen  Roccella  tinctoria,  from  which  the  finest 
kind  of  archil  is  prepared,  is  boiled  with  milk  of  lime ;  the  filtered  solu- 
tion is  precipitated  by  hydrochloric  acid,  and  the  precipitate  dried  and  dis- 
solved in  warm,  not  boiling  alcohol,  from  which  on  cooling  crystals  of  ery- 
thric  acid  are  deposited.  This  is  a  very  feeble  acid,  colorless,  inodorous, 
difficultly  soluble  in  cold  and  even  in  boiling  water,  readily  soluble  in  ether. 
Its  solution,  when  mixed  with  chloride  of  lime,  assumes  a  blood-red  color. 
Boiled  with  water  for  some  time,  erythrio  acid  absorbs  one  molecule  and 
yields  picro-erythrin,  a  orystalliiable,  bitter  principle,  and  orsellmic  acid.  If 
the  ebullition  be  continued,  the  orsellinio  acid  undergoes  a  further  change, 
being  converted  into  orcin  (p.  552). 

Picro-erythrin,  boiled  with  baryta-water,  is  decomposed  into  oroin,  ery- 
thrite  (p.  571),  and  carbon  dioxide. 

The  composition  of  these  various  substances  is  expressed  by  the  follow- 
ing formulas : 

Erythricacid C^H^O,- 

Orsellinio  acid C8H80  * 

Picro-erythrin C,9HM0-. 

Orcin <W>r 

And  the  successive  changes  which  occur  by  ebullition  are  represented  by 
the  following  equations : 

CMH  n         +      H,0      =      C,H804        +        CIaH18Or 
Erytnnc  acid.  Orsellmic  acid.       Picro-erythrin. 

C8H804        =        CtH802       +        COr 
Orsellmic  acid.  Orcin. 

CuHuO,    +    H,0    =    CTH80,    +    C4H10O4    +    COr 
Picro-erythrin.  Orcin.  Erythro- 

mannite. 
66* 
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Lecavoric  ok  Alpha-OKI kllic  Aoid  is  obtained  from  the  South  Ameri- 
can variety  of  RoeeeUd  itnctoria.  The  preparation  and  the  properties  of 
this  substance  are  perfectly  analogous  to  those  of  erythric  acid.  It  con- 
tains CtfH140f,  and  likewise  yields  orsellinic  acid  by  boiling  with  baryta- 
water: 

c*hm°t        +        Ha°        =        2C0H8O4 
Lecanonc  acid.  Orsellinic  acid. 

If  the  ebullition  be  too  long  continued,  a  great  portion  of  the  orsellinic 
acid  is  converted  into  orcin. 

Okskllinic  Acid,  whether  prepared  from  erythric  or  lecanoric  acid, 
forms  crystals  which  are  far  more  soluble  in  water  than  either  of  the  acids 
from  which  it  has  been  prepared.  Its  taste  is  somewhat  bitter.  Boiled 
with  water  it  yields  orcin ;  under  the  influence  of  air  and  ammonia,  it  as- 
sumes a  beautiful  purple  color.  *  * 

If  the  lichens,  instead  of  being  treated  with  milk  of  lime,  are  exhausted 
with  boiling  alcohol,  the  erythric  and  lecanoric  acids  are  likewise  decom- 
posed; but  instead  of  orsellinic  acid,  the  ether  of  this  substance,  CJR7 
(C,H.)04,  is  formed.  This  ether  was  formerly  described  under  the  name 
pteudo-erythrin,  until  Dr.  Schunck  pointed  out  its  true  nature.  Ethyl  orsel- 
linate  may  be  likewise  produced  by  boiling  pure  orsellinic  acid  with  alco- 
hol. It  crystallises  in  colorless  lustrous  plates,  which  are  readily  soluble 
in  boiling  water,  alcohol,  and  ether. 

Bbta-okbkllic  Acid  is  found  in  Roceella  tmctoria  grown  at  the  Cape :  it 
is  obtained  like  erythric  and  alpha-orsellic  acid,  which  it  resembles  in  pro- 
perties. Beta-orsellic  acid  contains  CMHj,0^:  by  boiling  with  water  it 
likewise  yields  orsellinic  acid,  together  with  hair-like  crystals  of  a  silvery 
lustre,  of  a  substance  called  roccellinin,  which  has  the  composition  CJlnOT 

C«HfcO„        =        2C,H,04        +        C„H,Oy 
Beta-orselhc  acid.      Orsellinic  acid.         Rocceuimn. 

The  decomposition  of  beta-orsellic  acid  is  obviously  analogous  to  that  of 
erythric  acid,  the  roccellinin  representing  the  picro-erythrin. 

Evkrnic  Acid  is  extracted  by  milk  of  lime  from  Evtmia  prvnaifri,  which 
was  formerly  believed  to  contain  lecanoric  acid.  Evernic  acid  is  very  diffi- 
cultly soluble  even  in  boiling  water :  it  assumes  a  yellow  color  with  chloride 
of  lime.  When  boiled  with  an  alkali,  it  yields  another  crystalline  acid, 
everninie  acid,  differing  from  the  preceding  by  its  free  solubility  in  boiling 
water.  The  composition  of  evernic  acid  is  represented  by  the  formula 
CI7H„07,  that  of  everninie  acid  by  C,Hw04.  Evernic  acid,  when  boiled  for 
a  considerable  time  with  baryta,  yields  orcin  :  everninie  acid  does  not  give 
a  trace  of  this  substance.  It  is  therefore  probable  that  evernic  acid,  under 
the  influence  of  alkalies,  yields,  in  addition  to  everninie  acid,  likewise 
orsellinic  acid,  from  which  the  orcin  is  derived,  and  that  this  decomposi- 
tion is  represented  by  the  equation : 

C17HwOT    +    HfO    =    CpH804      +      C.H..O, 
Evernic  acid.  Orsellinic  acid.    Everninie  acid. 

Parillic  Acid.  — Lccanora  parella  contains  an  acid  probably  analogous 
to  erythric,  alpha-orsellic,  beta-orsellic,  and  evernic  acids,  the  composition 
of  which  is,  however,  still  unknown.  By  boiling  with  baryta  it  yields  orsel- 
linic acid  and  parellie  acid,  C9Hf04. 

Orcin,  CyH.0r  is  the  general  product  of  decomposition  of  the  acids  pre- 
viously described,  under  the  influence  of  heat  or  alkaline  earths.  It  is  a 
diatomio  phenol,  anUMtatfe  ****  described  under  that  head  (p.  562). 
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In  contact  with  ammonia  and  oxygen  it  is  converted  into  a  deep-red  color- 
ing matter  called  orcein,  CTHyNOs. 

Other  substances  are  occasionally  present  in  lichens:  thus,  the  Usnea 
barbata  and  several  other  lichens  contain  tunic  acid,  a  substance  crystallising 
from  aloohol  in  fine  yellowish- white  needles  with  metallic  lustre,  having 
the  formula  CttHltOr  It  gives  no  orcin  by  distillation,  but  a  substance 
similar  to  it,  which  probably  contains  CtH10Or  and  has  been  designated  by 
the  name  of  beta-orcin.  The  Parmelia  parieiina  furnishes  another  new  sub- 
stance, chrysophanic  acid,  crystallizing  in  fine  golden-yellow  scales,  and  con- 
taining C10HgOr  It  is  a  very  stable  substance,  and  may  be  sublimed 
without  much  decomposition.  The  same  body  is  present  in  rhubarb,  to- 
gether with  emodin,  a  principle  closely  resembling  chrysophanic  acid. 

Cochineal.  — This  is  a  little  insect,  the  Coccus  cacti,  which  lives  on  several 
species  of  cactus',  found  in  warm  climates,  and  cultivated  for  the  purpose, 
as  in  Central  America.  The  dried  body  of  the  insect  yields  to  water  and 
alcohol  a  magnificent  red  coloring  matter,  precipitable  by  alumina  and 
oxide  of  tin:  carmine  is  a  preparation  of  this  kind.  In  cochineal  the  color- 
ing matter  is  associated  with  several  inorganic  salts,  especially  phosphates 
and  nitrogenous  substances.  Mr.  Warren  De  La  Rue,  who  has  published 
a  very  elaborate  investigation  of  cochineal,*  has  separated  the  pure  color- 
ing matter,  which  he  calls  carminic  add,  by  the  following  process:  The 
aqueous  decoction  of  the  insect  is  precipitated  by  lead  acetate,  and  the  im- 
pure lead  carminate  washed  and  decomposed  by  hydrogen  sulphide :  the 
coloring  matter  thus  separated  is  submitted  again  to  the  same  treatment. 
A  solution  of  carminio  acid  is  thus  obtained,  which  is  evaporated  to  dry- 
ness, redissolved  in  absolute  alcohol,  and  digested  with  crude  lead  car- 
bonate, whereby  a  small  quantity  of  phosphoric  acid  is  separated,  and, 
lastly,  mixed  with  ether,  which  separates  a  trace  of  a  nitrogenous  substance. 
The  residue  now  obtained  on  evaporation  is  pure  carminio  acid.  It  is  a 
purple-brown  mass,  yielding  a  fine  red  powder,  soluble  in  water  and  alco- 
hol in  all  proportions,  slightly  soluble  in  ether.  It  is  soluble  without  de- 
composition in  concentrated  sulphuric  acid,  but  readily  attacked  by  chlorine, 
bromine,  and  iodine,  which  change  its  color  to  yellow.  It  resists  a  tem- 
perature of  136°  C.  (277°  F.),  but  is  .charred  when  heated  more  strongly. 
Carminic  acid  is  a  feeble  acid.  The  composition  of  the  substance,  dried 
at  120°  C.  (248°  P.),  is  represented  by  C14HJ408,  which  formula  is  corrobo- 
rated by  the  analysis  of  a  copper  compound,  2C„H1408 .  CuO. 

By  the  action  of  nitric  aoid  upon  carminio  acid,  there  is  formed,  together 
with  oxalic  aoid,  a  splendid  nitrogenetted  aoid,  crystallizing  in  yellow 
rhombic  plates.  This  substance,  to  which  the  name  nUrococcusic  acid  was 
given,  is  bibasic :  it  contains  C,HsN,Or  It  is  soluble  in  cold,  more  so  in 
boiling  water,  and  readily  soluble  in  aloohol  and  ether.  Nitrococcusio 
acid  is  evidently  derived  from  a  non-nitrogenous  compound  in  which  part 
of  the  hydrogen  is  replaced  by  NOr  Like  all  substances  of  this  class,  it 
explodes  when  heated. 

In  the  mother-liquor,  from  which  the  carminic  acid  has  been  separated, 
De  La  Rue  discovered  a  white,  crystalline,  nitrogenous  substance,  for  which 
he  established  the  formula  C8H.,NOr  This  substance  is  identical  with 
tyrosine,  which  will  be  mentioned  in  the  section  on  Animal  Chemistry. 

Madder.  — The  root  of  the  Rubia  tinciorutn,  cultivated  in  southern  France, 
the  Levant,  Ac,  is  the  most  permanent  and  valuable  of  the  red  dye-stuffB.. 
In  addition  to  several  yellow  coloring  matters,  which  are  of  little  impor- 
tance for  the  purposes  of  the  dyer,  madder  contains  two  red  pigments, 
which  are  called  alizarin  aud  purpurin.     These  substances  have  been  the 

•  Memoirs  of  the  Chemical  Society,  vol.iii.  p.  454. 
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subject  of  very  extensive  researches  by  Debut,  Higgina,  and  especially 
Schunck.  The  latest  papers  on  madder  have  been  published  by  Wolff  and 
Streeker,  whose  formulas  are  quoted  in  the  following  abstract : 

Alizarin. — The  aqueous  decoction  of  madder  is  precipitated  by  sul- 
phuric acid,  and  the  precipitate  washed  and  boiled  with  aluminium  chlo- 
ride, which  dissolves  the  red  pigments,  an  insoluble  brownish  residue  re- 
maining behind.  The  solution,  when  mixed  with  hydrochloric  acid,  yields 
a  precipitate  consisting  chiefly  of  alizarin — still,  however,  contaminated 
with  purpurin.  The  impure  alizarin  thus  obtained  may  be  further  purified 
by  again  throwing  down  the  alcoholic  solution  with  aluminium  hydrate,  and 
boiling  the  precipitate  with  a  concentrated  solution  of  soda,  which  leaves 
a  pure  compound  of  alumina  and  alizarin  behind.  From  this  the  alizarin 
is  separated  by  hydrochloric  acid  and  recrystallized  from  alcohol.  Pure 
alizarin  crystallizes  in  splendid  red  prisms,  which  may  be  sublimed.  It  is 
but  slightly  soluble  in  water  and  in  alcohol,  but  dissolves  in  concentrated 
sulphuric  acid  with  a  deep  red  color.  On  addition  of  water,  the  coloring  mat- 
ter is  reprecipitated  unchanged.  It  is  also  soluble  in  alkaline  liquids,  to  which 
it  imparts  a  magnificent  purple  color.  It  is  insoluble  in  cold  solution  of 
alum.  Alizarin  is  the  chief  coloring  matter  of  madder:  it  contains  C^H^ 
Os .  2H,0,*  and  is  a  feeble  acid :  a  few  definite  compounds  with  mineral 
oxides  have  been  prepared,  among  which  a  lime  compound,  4C,qHcOs. 
3CaH,0,,  may  be  mentioned.  The  action  of  nitric  acid  upon  alizarin  gives 
rise  to  the  formation  of  oxalic  acid  and  phthalio  acid  (p.  666): 

CipH€Ot    +    H,0     +     04     =     Cflfi4     +      CJ^ 
Alizarin.  Phthalic  acid. 

Pttbpttrin.  —  Madder  is  allowed  to  ferment  and  then  boiled  with  a  strong 
solution  of  alum.  The  solution,  when  mixed  with  sulphuric  acid,  yields  a 
red  precipitate,  which  is  purified  by  re-crystallization  from  alcohol.  Pur- 
purin thus  obtained  crystallizes  in  red  needles,  which  oontainC9HcOg.  H^O, 
i  e.t  one  atom  of  carbon  less  than  alizarin.  When  treated  with  nitric  acid, 
purpurin,  like  alizarin,  furnishes  oxalic  and  phthalic  acids.  Purpurin 
likewise  contributes  to  the  tinctorial  properties  of  madder,  but  less  so  than 
alizarin.  Together  with  alizarin  and  purpurin,  several  other  substances 
occur  in  madder,  among  which  may  be  notioed  an  orange  pigment,  rubiacm, 
convertible  by  oxidising  agents  into  a  peculiar  acid,  rubiacic  acid,  a  yellow 
pigment,  zantMn,  a  bitter  principle,  rabian,  sugar,  pectio  acid,  and  several 
resins,  Ac. 

Garancin  is  a  coloring  material,  which  is  produoed  by  the  action  of  sul- 
phuric acid  upon  madder.  This  substance  possesses  a  higher  tinctorial 
power  than  madder  itself. 

The  beautiful  Turkey-rtd  of  cotton  cloth  is  a  madder  color;  it  is  given 
by  a  very  complicated  process,  the  theory  of  which  is  not  yet  perfectly 
elucidated. 

Safflower.  —  This  substance  contains  a  yellow  and  a  red  coloring  matter, 
the  latter  being  insoluble  in  water,  but  soluble  in  alkaline  liquids.  The 
safflower  may  be  exhausted  with  water  acidulated  with  acetic  acid,  and  the 
solution  mixed  with  lead  acetate,  and  filtered  from  the  dark-colored  impure 
precipitate.  The  lead  compound  of  the  yellow  pigment  may  then  be  thrown 
down  by  addition  of  ammonia  and  decomposed  by  sulphuric  acid.  In  its 
purest  form  the  yellow  matter  constitutes  a  deep  yellow,  unorystalUzable, 
and  very  soluble  substance,  very  prone  to  oxidation.  In  its  lead-compound 
it  has  probably  the  composition  CMHMOu. 

The  red  matter,  or  carthamin,  is  obtained  from  the  residual  safflower  by 
a  dilute  solution  of  sodium  carbonate;  pieces  of  cotton-wool  are  immersed 
•  According  to  Setraack,  the  formula  of  aliiarin  1*  ChHmO* 
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in  the  liquid,  and  acetic  acid  gradually  added.  The  dried  cotton  is  then 
digested  in  a  fresh  quantity  of  the  alkaline  solution,  and  the  liquid  supersatu- 
rated with  citric  acid,  which  throws  down  the  carthamin  in  carmine-red  flocks. 
It  forms,  when  pure  and  dry,  an  amorphous,  brilliant,  green  powder,  nearly 
insoluble  in  water,  but  soluble  in  alcohol  with  splendid  purple  color.  It 
contains  Cl4H|lOr 

Brazil-wood  and  Logwood  give  red  and  purple  infusionB,  which  are  largely 
need  in  dyeing:  the  coloring  principle  of  logwood  is  termed  hematoxylin, 
and  has  been  obtained  in  crystals.  This  substance  contains  CMHuOt.  Acids 
brighten  these  colors,  and  alkalies  render  them  purple  or  blue. 

Among  yellow  dyes,  quercitron  bark,  fustic-wood,  and  saffron  may  be  men- 
tioned, and  also  turmeric :  these  all  give  yellow  infusions  to  water,  and  fur- 
nish more  or  less  permanent  colors. 

Purree  or  Indian  yellow,  a  body  of  unknown  origin,  used  in  water-color 
painting,  is,  according  to  the  researches  of  Stenhouse  and  Erdmann,  a 
compound  of  magnesia  with  a  substance  termed  purrdc  or  tuxanthic  acid. 
The  latter,  when  pure,  crystallites  in  nearly  colorless  needles,  sparingly 
soluble  in  cold  water,  and  of  sweetish-bitter  taste.  It  forms  yellow  com- 
pounds with  the  alkalieB  and  earths,  and  is  decomposed  by  heat,  with  pro- 
duction of  a  neutral  crystalline  sublimate,  purrenone  or  euxanthone.  Purreio 
acid  contains  CslHuO,^  purrenone  CwH12Or  By  the  action  of  chlorine, 
bromine,  and  nitric  acid,  a  series  of  substitution-products  are  formed. 

Prangulin,  C#H6Or  from  Rhamnus  frangula,  has  been  already  mentioned 
as  a  triatomic  phenol  (p.  571). 

Morindin, 
the  root 

heated  it  is  converted  into  a  beautiful  crystalline  body,  molindone,  contain- 
ing CMH100§. 

Aloes. — Certain  of  the  products  of  the  action  of  nitric  acid  upon  aloes, 
very  much  resemble  some  of  the  derivatives  of  indigo,  without,  however, 
it  seems,  being  identical  with  them.  Powdered  aloes,  heated  for  a  consid- 
erable time  with  excess  of  moderately  strong  nitric  acid,  yields  a  deep-red 
solution,  which,  on  cooling,  deposits  a  yellow  crystalline  mass.  This,  puri- 
fied by  suitable  means,  constitutes  chrysammic  acid:  it  crystallises  in  golden- 
yellow  scales,  which  have  a  bitter  taste,  and  are  but  sparingly  soluble  in 
water.  Its  potassium-salt  has  a  carmine-red  tint,  and  exhibits  a  green  me- 
tallic lustre,  like  that  of  murexide.  The  formula  of  chrysammic  acid  is 
not  perfectly  established.  It  is  probably  C^H  JSfi.  or  C7H2(NO.),Or  Like 
picric  acid,  it  yields,  with  chloride  of  lime,  chloropicrin.  The  mother- 
liquor,  from  which  the  chrysammic  acid  has  been  deposited,  contains  a 
second  acid,  the  chrysolepic,  which  also  forms  golden-yellow,  sparingly  sol- 
uble, scaly  crystals.  The  potassium -salt  forms  small,  yellow  prisms,  of 
little  solubility.  It  explodes  by  heat.  Chrysolepic  acid  contains  CtHtNgOT : 
it  is  said  to  be  identical  with  picric  acid. 

To  these  may  be  added  the  styphnic,  or  oxypicric  acid,  described  by  Bott- 
ger  and  Will,  produced  by  the  action  of  nitric  acid  of  sp.  gr.  1-2  upon  assa- 
fatida  and  several  other  gum-resins  and  extracts.  Brazil-wood  and  purree, 
when  treated  with  excess  of  nitric  acid,  likewise  yield  styphnic  acid.  It 
crystallises,  when  pure,  in  slender,  yellowish-white  prisms,  sparingly  sol- 
uble in  water,  readily  dissolved  in  alcohol  and  ether.  It  has  a  purely 
astringent  taste,  and  stains  the  skin  yellow.  By  a  gentle  heat  it  melts, 
and  on  cooling  becomes  crystalline ;  suddenly  and  strongly  heated  it  burns 
like  gun-powder.  It  also  yields  chloropicrin.  The  Baits  of  this  substance 
mostly  crystallise  in  orange-yellow  needles,  and  explode  with  great  violence 
by  heat.  Styphnio  acid  contains  0fH1Ns08,  t.  e.,  picric  acid  -f  1  atom  of 
oxygen. 


Un,  CLfH^Oji,  is  a  yellow  crystalline  coloring  matter,  occurring  in 
of  Morinda  citrifolia,  called  Soranjee  in  the  East  Indies.     When 
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Common  resin,  or  colophony,  tarnishes  perhaps  the  best  example  of  the 
class.  It  is  the  resinous  substance  which  remains  when  turpentine  or  pise 
resin  is  heated  till  the  water  and  volatile  oil  are  expelled,  and  is  a  mixture 
of  two  distinct  bodies  having  acid  properties :  vis.,  abietie  acid,  C^H-Oj, 
which  is  crystallixable,  and  jtmtc  acid,  CJ&mOy  which  is  amorphous.  These 
acids  may  be  separated  from  each  other  by  their  difference  of  solubility  ia 
cold  and  somewhat  dilute  alcohol,  the  latter  being  by  far  the  more  soluble 
of  the  two.  Pure  abietie  acid  crystallises  in  small,  colorless,  rhombic 
prisms,  insoluble  in  water,  soluble  in  hot  strong  alcohol,  in  volatile  oils, 
and  in  ether.  It  melts  when  heated,  but  cannot  be  distilled  without  de- 
composition. An  alcoholic  solution  of  abietie  acid,  precipitated  by  sul- 
phuric acid,  yields  another  crystalline  acid  called  eylvk  acid,  isomeric  with 
pinic  acid.  A  fourth  resin-acid,  called  jrimaric  acid,  also  isomeric  with  pinic 
acid,  has  been  found  in  the  turpentine  of  the  Pinut  marUima  of  Bordeaux. 

Lac  is  a  very  valuable  resin,  much  harder  than  colophony,  and  easily 
soluble  in  alcohol:  three  varieties  are  known  in  commerce — vis.,  stick- lac, 
teed  lac,  and  shellac.  It  is  used  in  varnishes,  and  in  the  manufacture  of 
hats,  and  very  largely  in  the  preparation  of  sealing-wax,  of  which  it  forms 
the  chief  ingredient.  Crude  lac  contains  a  red  dye  called  lac-dye,  which  is 
partly  soluble  in  water.  Lao  dissolves  in  considerable  quantity  in  a  hot 
solution  of  borax ;  Indian  ink,  rubbed  up  with  this  liquid,  forms  a  most 
excellent  label-ink  for  the  laboratory,  as  it  is  unaffected  by  acid  vapors,  and, 
when  once  dry,  becomes  nearly  insoluble  in  water. 

Mastic,  dammar-resin,  and  sandarac  are  resins  largely  used  by  the  varnish- 
maker.  Dragon'*  blood  is  a  resin  of  deep-red  color.  Copal  is  also  a  very 
valuable  substance :  it  differs  from  the  other  resins  in  being  but  slowly  dis- 
solved by  alcohol  and  essential  oils.  It  is  miscible,  however,  in  the  melted 
state  with  oils,  and  is  thus  made  into  varnish.  Amber  appears  to  be  a  fossil 
resin ;  it  is  found  accompanying  brown-coal  or  lignite.  Caoutchouc  and 
guttapercha  have  been  already  described  as  terpenes  (p.  492). 

Most  of  the  resins,  when  exposed  to  destructive  distillation,  yield  oily 
pyro-products,  usually  of  hydrocarbons,  which  have  been  studied  with 
partial  success.  Great  difficulties  occur  in  these  investigations:  the  task 
of  separating  from  each  other,  and  isolating  bodies  whioh  scarcely  differ 
but  in  their  boiling  points,  is  exceedingly  troublesome. 

Balsams  are  natural  mixtures  of  resins  with  volatile  oils.  They  differ 
very  greatly  in  consistence,  some  being  quite  fluid,  others  solid  and  brittle. 
By  keeping,  the  softer  kinds  often  become  hard.  Balsams  may  be  con- 
veniently divided  into  two  classes— vis.,  those  which,  like  common  and 
Venice  turpentine,  Canada  balsam,  Copaiba  balsam,  &c,  are  nearly  natural 
varnishes,  or  solutions  of  resins  in  volatile  oils,  and  those  which  contain 
benioio  or  cinnamio  acid  in  addition,  as  Peru  and  Tolu  balsam*,  and  the 
solid  resinous  benzoin,  commonly  called  gum-benxoin. 

Tolu-balsam,  by  distillation  with  water,  yields  three  products— namely, 
benxoic  acid,  cinnamein,  or  styracin,  0,^0,  (p.  641),  and  tolene,  a  vola- 
tile colorless  hydrocarbon,  boiling  at  170°  C.  (388°  F.),  and  containing 
C  H  or  according  to  some  authorities,  C^II,,.  The  balsam  freed  in  this 
manner  from  essential  oils,  and  exposed  to  destructive  distillation,  yields 
in  succession  a  viscous  liquid,  which  crystallises  in  the  receiver,  and  a  thin 
liquid  heavier  than  water ;  carbon  dioxide  and  carbon  monoxide  are  largely 
evolved  and  the  retort  is  afterwards  found  to  contain  a  residue  of  charcoal. 
The  solid  product  is  chiefly  a  mixture  of  benioic  and  cinnamic  acids:  the 
volatile  oil  contains  at  least  two  substances  differing  in  their  boiling  points, 
and  are  easily  separated — namejjr,  fpfums  (p.  496),  and  an  oily  liquid 
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hearier  than  water,  of  high  boiling  point,  and  haying  the  composition  and 
characters  of  benzoic  ether. 

Liquid  storax,  distilled  with  water  holding  in  solution  a  little  sodium  car- 
bonate, yields  a  small  and  variable  quantity  of  volatile  oil,  not  homogeneous, 
bat  from  which,  by  careful  distillation,  pure  cinnamene  of  styrolene,  CtH8 
(p.  501),  may  be  extracted. 

Storax,  from  which  the  styrol  has  been  separated  by  distillation,  when 
treated  with  sodium  carbonate,  yields  a  considerable  quantity  of  sodium 
cinnamate.  The  residue  consists  of  resinous  bodies,  associated  with  styra- 
cin  or  cinnyl  cinnamate  (p.  641). 


PART  IV. 

ANIMAL  CHEMISTRY. 


INTRODUCTION. 

ANIMAL  CHEMISTRY,  for  the  purpose  of  clearness,  may  be  divided 
into  the  chemistry  of  separate  substances  entering  into  the  composi- 
tion of  the  fluids  and  solids  of  animals,  the  chemistry  of  the  complex  ani- 
mal fluids  and  textures,  and  the  chemistry  of  the  processes  which  take 
place  in  the  animal  body. 

This  classification  has  a  great  many  advantages,  and  in  the  following 
brief  abstract  the  subject  will  be  considered  under  these  different  heads. 

Many  animal  substances  have  been  already  fully  mentioned  in  the  inor- 
ganic part  of  this  work :  for  example,  water,  carbonic  acid,  and  calcium 
phosphate;  the  other  animal  substances,  as  urea,  formic,  and  hippuric 
acid,  have  been  placed  in  the  organic  part,  because,  from  their  composi- 
tion, relations,  and  properties,  they  could  not  be  separated  from  many 
bodies  which  are  not  connected  with  animal  chemistry.  As  the  chemical 
knowledge  of  other  animal  substances  is  perfected,  these  also  will  be  placed 
under  the  head  of  organic  chemistry  ;  and  thus  animal  chemistry  will  ulti- 
mately embrace  the  knowledge  of  the  composition  and  properties  of  the 
complex  fluids  and  textures  of  the  body,  and  of  the  chemical  actions  re- 
sulting from  the  air  and  food  which  are  requisite  for  the  support  of  ani- 
mal life. 

Although  animal  chemistry  has  hitherto  occupied  the  attention  of  nearly 
every  great  chemist,  yet  comparatively  much  remains  to  be  done  and  to  be 
undone.  For  example,  the  very  different  substances  which  are  included 
under  the  term  protein-principles,  that  is,  of  which  protein  is  the  first  pro- 
duct of  decomposition  and  ammonia  carbonate  the  last,  can  scarcely  yet  be 
arranged  according  to  their  percentage-composition,  much  less  be  repre- 
sented truly  by  any  formulae.  The  chemical  composition  of  the  different 
organs  and  textures  of  the  body,  of  the  brain  or  blood,  for  instance,  or 
even  of  the  bones,  is  differently  given,  according  as  this  or  that  method  of 
analysis  is  followed.  The  same  may  be  said  of  the  secretions  and  excre- 
tions ;  and  these  vary  so  much  at  different  times,  in  different  persons,  and 
in  different  olasses  of  animals,  that  no  single  standard  of  comparison  can 
be  adopted ;  but  the  highest  and  lowest  limits  of  composition  for  health 
and  disease  must  be  regarded,  and  not  the  mean  of  a  number  of  analyses. 

A  still  more  difficult  problem  is  presented  to  the  chemist  in  the  investi- 
gation of  the  processes  which  take  place  in  the  bodies  of  animals  and  vege- 
tables. The  solution  of  the  food  by  the  action  of  alkalies,  acids,  and  fer- 
ments ;  the  nutrition  of  the  organs  by  the  blood ;  the  production  of  animal 
heat  by  the  action  of  inspired  oxygen;  and  the  removal  from  the  body 
of  the  substances  that  have  been  used  or  are  useless  or  injurious; — these 
are  questions  which  in  future  years  will  form  the  chief  subjects  of  investi- 
gation in  animal  chemistry,  whilst  in  vegetable  chemistry  the  influence  of 
sunlight  in  promoting  the  formation  of  the  innumerable  compounds  of  car- 
bon will  have  to  be  determined. 
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ALBUMINOUS  PRINCIPLES. 

Although,  in  the  present  state  of  oar  knowledge,  no  chemical  dis- 
tinction exists  between  vegetable  and  animal  substances,  and  although 
many  mineral  substances  always  exist  in  the  fluids  and  solids  of  ani- 
mals and  vegetables,  yet  there  is  a  class  of  substances  which  formerly 
were  considered  as  exclusively  animal,  and  of  these  we  still  know  so  little 
that  it  is  most  convenient  still  to  keep  them  distinct  from  other  organic 
substances.  They  form  the  chief  part  of  the  solid  constituents  of  the 
blood,  muscles,  nerves,  glands,  and  other  organs  of  animals,  and  they  occur 
in  small  quantities  in  almost  every  part  of  vegetables.  Their  atomic 
weight  and  constitution  are  still  unknown,  and  only  slight  differences  exist 
in  the  percentage  composition ;  thus : 
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They  are  amorphous,  more  or  less  soluble  in  water,  soluble  in  excess  of 
acetic  acid,  more  soluble  in  alkalies,  almost  insoluble  in  alcohol,  and  quite 
so  in  ether.  Strong  mineral  acids  dissolve  all  albuminous  substances.  The 
hydrochloric  acid  solution  is  first  blue,  then  violet,  then  brown.  The  nitric 
acid  solution  is  yellow,  and  gives  rise  to  xanthoproteic  acid,  which  dissolves 
in  alkalies  and  ammonia  with  orange-red  color.  Caustic  alkalies  decom- 
pose albuminous  substances  according  to  the  temperature,  giving  rise  to 
leucine,  tyrosine,  oxalic  acid,  carbonic  acid,  and  ammonia. 

Albuminous  substances  are  precipitated  from  solutions:  1.  By  excess  of 
mineral  acids.  2.  By  potassium  ferrooyanide  with  acetio  acid  or  a  little 
hydrochloric  acid.  8.  By  acetio  acid,  with  a  considerable  quantity  of  con- 
centrated solutions  of  neutral  salts  of  alkalies  and  alkaline  earths,  gum 
arabic,  or  dextrin.  When  examined  for  circular  polarization,  they  rotate 
the  light  more  or  less  to  the  left. 

Sebum  Albumin  is  the  most  abundant  albuminous  substance  in  animal 
bodies.  It  can  be  obtained  tolerably  pure  from  blood-serum  by  precipita- 
tion with  lead  acetate,  washing  with  water,  suspending  the  precipitated 
lead  compound  in  water,  and  decomposing  it  with  carbonic  acid ;  then,  by 
filtration,  a  ybtj  cloudy  solution  of  albumin  is  obtained.  It  forms  a  yel- 
low, elastic,  transparent  substance,  which  when  perfectly  dry  can  be  heated 
to  100°  without  change.  It  is  soluble  in  water  and  precipitable  by  alcohol ; 
long  continued  action  of  alcohol  changes  it  into  coagulated  albumin.  Se- 
rum albumin  is  not  precipitated  by  carbonio,  acetic,  tartaric,  or  phos- 
phoric acid;  when  mixed  with  a  very  small  quantity  of  other  very  weak 
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mineral  acids,  it  is  not  precipitated ;  by  large  quantities  of  aeid  it  ii  im- 
mediately precipitated;  nitric  acid  acts  most  strongly.  The  preejpitate 
with  strong  hydrochloric  acid  dissolves  in  an  excess  of  acid ;  and  on  add- 
ing water  to  this  solution,  a  precipitate  forms,  which,  after  filtration  and 
squeezing,  dissolves  in  water  and  has  all  the  reactions  of  hydrochloride  of 
syntonin  ;  caustic  potash  and  soda-solution  change  the  serum  albumin  into 
compounds  of  albumin  with  the  alkali. 

When  heated  to  72°  or  78°  C  (163°  F.),  blood-serum  coagulates  into  a 
compact  mass.  The  fluid  begins  to  be  cloudy  at  60°  G.  (140°  F.).  Coagu- 
lation occurs  at  a  lower  temperature  when  very  dilute  phosphoric  or 
acetic  acid  is  added,  or  neutral  salts  in  small  quantity,  and  at  a  higher 
temperature  with  a  very  little  sodium  carbonate. 

Serum  albumin  is  precipitated  from  its  solutions  by  most  of  the  salts  of 
the  heavy  metals.     When  agitated  with  ether  it  does  not  coagulate. 

Eoo  Albumin  differs  from  serum  albumin  by  gradually  giving  a  precipi- 
tate when  agitated  with  ether ;  oil  of  turpentine  also  coagulates  this  hind 
of  albumin.  Serum  albumin  dissolves  easily  in  strong  nitric  acid,  whilst 
egg  albumin  scarcely  dissolves  at  all.  When  a  solution  of  egg  albumin  is 
injected  into  the  veins  or  under  the  shin  of  dogs  or  rabbits,  the  egg  albu- 
min passes  unchanged  into  the  urine,  whilst  serum  albumin,  injected  in  the 
same  way,  does  not  pass  into  the  urine  at  all. 

When  white  of  egg  is  thinly  spread  upon  a  plate  and  exposed  to  evapo- 
ration in  aVarm  place,  it  dries  up  to  a  pale-yellow,  brilliant,  gum-like 
substance  destitute  of  all  traces  of  crystalline  structure.  In  this  state  it 
may  be  preserved  unchanged  for  any  length  of  time,  the  presence  of  water 
being  in  all  oases  necessary  to  putrefactive  decomposition.  The  watery 
solutions  of  egg  albumin  and  serum  albumin  coagulate  at  the  same  tempera- 
ture under  similar  circumstances.  The  existence  of  unoxidized  sulphur  in 
albumin  is  easily  shown ;  a  boiled  egg  blackens  a  silver  spoon,  from  a  trace 
of  alkaline  sulphide  formed  or  separated  during  the  coagulation ;  and  a 
solution  of  albumin  in  excess  of  caustic  potash  mixed  with  a  little  acetate 
of  lead,  gives,  on  boiling,  a  black  precipitate  containing  sulphide  of  lead. 

Casein  ;  and  Albumin  at*  or  Pbotxin.  —  Albuminous  substances,  when 
treated  with  solution  of  potash,  undergo  more  or  less  change  according  to 
the  strength  of  the  potash  and  the  temperature  at  which  the  action  takes 
plaoe.  Sometimes  bodies  can  be  produced  which  agree  well  together,  and 
cannot  be  distinguished  from  the  casein  of  milk,  although  most  probably 
casein  is  not  identical  with  artificial  albuminate,  and  the  bodies  which  are 
produced  by  the  action  of  potash  on  different  albuminous  substances  may 
differ  slightly  one  from  the  other,  as  is  evident  in  the  difference  of  their 
rotatory  action  on  polarized  light. 

Casein  occurs  most,  plentifully  in  the  milk  of  animal  feeders.  In  the 
fluids  of  the  textures  it  has  certainly  not  been  found.  In  the  blood  it  is 
entirely  absent,  and  it  is  rarely  present  in  the  fluid  of  cysts. 

It  is  best  obtained  from  milk  by  precipitating  it  with  crystalline  magne- 
sium sulphate,  filtering  and  washing  with  a  concentrated  solution  of  Epsom 
salt,  then  dissolving  the  precipitate  in  water ;  the  butter  is  filtered  off,  and 
the  clear  solution  precipitated  by  dilute  acetic  acid. 

For  preparing  protein  or  potassium  albuminate,  any  albuminous  sub- 
stance may  be  used.  Lieberktthn  directs  egg  albumin  to  be  stirred  with 
an  equal  volume  of  water  and  filtered ;  the  filtrate  to  be  reduced  to  one- 
half  in  shallow  vessels  at  40°  C.  (104°  F.)»  and,  after  cooling,  to  be  mixed 
with  concentrated  potash  drop  by  drop  until  the  whole  substance  sets  to  a 
strong  transparent  jelly.  This  is  out  into  pieces  of  the  size  of  a  bean,  and 
thrown  into  much  distilled  water;  after  being  stirred,  the  water  is  poured 
off  from  the  albumin*!*^ JkUB&*$9  t***f**ted.  as  long  as  any  alkaline 
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reaction  remains.  The  purified  albuminate  is*  then  dissolved  in  boiling 
watevor  spirits  of  wine,  in  which  it  ought  to  give  a  clear  solution. 

An  albuminate  is  more  simply  obtained  by  shaking  milk  with  caustic 
soda  and  ether,  pouring  off  the  clear  alkaline  lower  layer  of  fluid,  precipi- 
tating it  with  aeetic  acid,  and  washing  it  with  water. 

The  dried  casein  and  albuminate  are  yellow,  transparent,  and  hygro- 
scopic, swelling  up  in  water,  but  not  dissolving.  When  precipitated  in  a 
flocky  state,  they  dissolve  easily  in  water  if  it  contains  a  little  alkali.  The 
precipitate  which  forms  on  neutraliiing  the  alkaline  solution,  dissolves 
easily  in  an  excess  of  acetic  acid  or  dilute  hydrochloric  acid.  On  the  ad- 
dition of  an  excess  of  mineral  acid,  or  by  neutraliiing  with  an  alkali,  these 
solutions  give  a  precipitate. 

The  neutral  or  feebly  alkaline  albuminate  and  casein  in  alkaline  solution, 
are  precipitated  in  the  cold  by  alcohol :  when  hot  they  are  dissolved.  Al- 
buminates are  precipitated  by  copper  sulphate,  silver  nitrate,  and  barium 
chloride.  Lieberkiihn  gives  as  their  formula  CnHmR,N,§0,J3,  R  denoting 
an  atom  of  univalent  metal.  According  to  him,  potassium  albuminate  has 
the  same  composition.  Meissner  says  that  by  boiling  casein  continuously, 
lactic  acid  and  oreatin  are  formed. 

By  fusion  with  potassium  hydrate,  casein  yields  valeric  and  butyrio  acids, 
besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by  certain  animal 
membranes.  This  is  well  seen,  in  the  process  of  cheesemaking,  in  prepar- 
ing the  curd,  A  piece  of  the  stomach  of  the  calf,  with  its  mucous  membrane, 
is  slightly  washed,  put  into  a  large  quantity  of  milk,  and  the  whole  slowly 
heated  to  about  53°  C.  (124°  F.).  In  a  short  time  after  this  temperature 
has  been  attained,  the  milk  is  observed  to  separate  into  a  solid,  white  co- 
agulum,  or  mass  of  curd,  and  a  yellowish,  translucent  liquid  called  whey. 
The  curd  contains  all  the  casein  of  the  milk,  much  of  the  fat,  and  much  of 
the  inorganio  matter :  the  whey  retains  the  milk-sugar  and  the  soluble 
salts.  It  is  just  possible  that  this  mysterious  change  may  be  really  due  to 
the  formation  of  a  little  lactic  acid  from  the  milk-sugar,  under  the  joint 
influence  of  a  slowly  decomposing  membrane  and  the  elevated  temperature, 
and  that  this  acid  may  be  sufficient  in  quantity  to  withdraw  the  alkali 
which  holds  the  casein  in  solution,  and  thus  occasion  its  precipitation  in 
the  insoluble  state.  The  loss  of  weight  the  membrane  itself  suffers  in  this 
operation  is  very  small :  it  has  been  found  not  to  exceed  Tg^v  part. 

Paralbumin  has  as  yet  been  found  only  in  ovarian  cysts,  and  it  rarely 
occurs  alone.  It  is  precipitated  by  alcohol,  but  still  contains  some  alkali. 
It  is  coagulated  by  boiling,  but  cannot  be  filtered.  When  it  is  dissolved  in 
much  water,  and  carbonic  acid  gas  is  passed  through  it,  a  plentiful  flocky 
precipitate  falls;  acetic  acid  carefully  added  acts  still  better.  The  pre- 
cipitate is  easily  soluble  in  an  excess  of  acetic  acid,  or  in  a  very  weak  solu- 
tion of  alkali.  By  the  addition  of  magnesium  sulphate  it  is  not  precipitated 
from  a  feeble  alkaline  solution.  It  gives  a  precipitate  with  acetic  acid  and 
potassium  ferrocyanide,  lead  acetate,  alum,  and  copper  sulphate.  The 
composition  of  this  albuminous  substance  is  stated  by  Haerlin  to  be  61*8 
carbon,  6*9  hydrogen,  12  8  nitrogen,  26  8  oxygen,  and  1*7  sulphur. 

Svhtoni*  or  Pabapbptoni.  — As  by  the  action  of  alkalies  on  albuminous 
mat  ten  the  albuminates  are  produced,  so  by  treating  these  with  strong 
hydrochloric  acid,  syntonin  is  formed  among  other  products  of  decomposi- 
tion. Probably  the  shorter  the  time  the  acid  is  in  action,  the  more  synto- 
nin is  formed.  It  is  also  formed  from  other  albuminous  substances,  most 
eaeily  from  myosin,  as  in  the  first  action  of  the  gastric  juice  in  the  stomach. 
For  preparing  syntonin,  fresh-cut  meat  is  treated  with  cold  water,  and  the 
rcsiane  is  mixed  with  water  containing  y^  hydrochloric  acid ;  a  thick- 
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iah  iolntion  is  thus  obtained  which  can  be  filtered.  The  clear  liquid  is  care- 
fully neutralised  with  sodium  carbonate,  which  gives  a  gelatinous  precipi- 
tate of  syntonin ;  this  is  purified  by  washing  with  water,  alcohol,  and  ether. 
It  contains  much  unaltered  myosin.  From  fibrin,  serum  albumin,  or  any 
other  albuminous  matter,  except  uncoagulated  egg  albumin,  syntonin  may 
be  obtained  by  dissolving  them  in  fuming  hydrochloric  acid,  filtering,  and 
precipitating  the  filtrate  with  twice  its  volume  of  water ;  the  precipitate  is 
filtered  off,  dissolved  in  water,  and  precipitated  by  careful  neutralisation 
with  sodium  carbonate. 

The  composition  of  syntonin  is  64*1  carbon,  7*8  hydrogen,  16*1  nitrogen, 
21*6  oxygen,  and  1*1  sulphur.  It  is  insoluble  in  solution  of  sodium  chlo- 
ride, whatever  its  concentration ;  easily  soluble  in  dilute  hydrochloric  acid, 
and  in  feebly  alkaline  liquids.  The  solution  in  lime-water  is  partially 
coagulated  by  boiling.  When  the  solution  is  boiled,  sodium  chloride,  mag- 
nesium sulphate,  or  calcium  chloride,  gives  a  precipitate  as  with  many 
other  albuminous  substances.  Syntonin,  like  casein,  when  dissolved  in 
very  dilute  hydrochloric  acid,  gives  a  precipitate  with  neutral  potassium- 
salts  at  ordinary  temperatures.  By  the  action  of  strong  hydrochloric  acid 
on  uncoagulated  albumin,  an  albuminous  substance  is  first  obtained,  which 
is  scarcely  soluble  in  water,  and  is  also  very  slightly  soluble  in  dilute  hydro- 
chloric acid. 

Mtosih  was  first  separated  by  Ktthne  from  other  albuminous  matters  oc- 
curring in  the  protoplasms  or  contractile  muscular  substance  that  causes 
the  rigor  mortis.  To  prepare  it  well,  cut-up  flesh  is  carefully  washed  with 
water,  and  the  mass  is  then  placed  in  a  mixture  of  one  volume  of  concen- 
trated solution  of  common  salt  to  two  volumes  of  water;  these  are  contin- 
ually rubbed  together  and  filtered  through  linen;  the  slimy  filtrate  is 
allowed  to  drop  into  much  distilled  water.  The  myosin  is  re-dissolved  in 
solution  of  sodium  chloride,  and  re-precipitated  by  much  water.  It  is  in- 
soluble in  water,  soluble  in  solution  of  common  salt  under  10°,  soluble  in 
very  dilute  hydrochlorio  acid,  but  in  this  solution  it  passes  by  degrees  into 
syntonin ;  in  dilute  alkali,  myosin,  like  other  albuminous  matter,  is  soluble, 
being  changed  into  albuminate.  By  heat  it  is  changed  into  coagulated  al- 
bumin. It  is  also  coagulated  by  alcohol.  The  substances  which  occur  in 
yolk  of  egg,  the  crystalline  lens,  and  the  fluid  from  some  cysts,  soluble  in 
concentrated  solutions  of  common  salt,  but  not  soluble  in  water,  have  been 
considered  by  Denis  as  identical  with  myosin,  called  by  him  globulin. 

Fibrino-plastic  Substance  and  Fibrinogen,  or  Paraqlobulin,  or  Par- 
aolobin. — Alexander  Schmidt  has  found  that  fibrin  is  formed  by  the  con- 
tact of  two  albuminous  matters.  One  he  calls  fibrinoplastic  and  the  other 
fibrinogenous  substance.  The  first  is  especially  plentiful  in  the  red  blood- 
globules,  in  the  serum  of  the  blood,  the  cellular  tissue,  and  the  cornea. 
The  second  is  found  in  exudations,  specially  in  the  pericardium  and  fluid 
of  hydrocele,  in  lymph  and  chyle.  In  their  reactions  they  nearly  resemble 
myosin,  being  soluble  in  a  solution  of  common  salt,  and  precipitable  by  an 
excess  of  it.  They  dissolve  in  very  dilute  hydrochloric  acid,  and,  by  keep- 
ing, change  into  a  syntonin-like  substance;  soluble  also  in  very  feeble 
alkaline  solutions,  from  which  the  fibrinoplastic  substance  is  more  easily 
precipitated  than  the  fibrinogenio  by  carbonic  acid.  When  these  two  sub- 
stances come  into  contact  in  any  fluid,  they  combine,  quickly  or  slowly, 
aooording  to  the  greater  or  less  quantity  of  each  substance  in  the  fluid,  to 
form  Fibrin.  The  fluid  coagulates  either  to  a  mass  of  jelly,  or,  when  Yerj 
little  is  present,  the  fibrin  forms  in  separate  flocks.  The  coagulation  takes 
place  more  quickly  at  a  high  temperature,  more  slowly  at  a  low  tempera- 

—       ature  of  the  blood  appears  peculiarly  adapted  for  quick 

i  at  0°  C.  it  is  as  slow  as  possible.  In  the  living  vessels 
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the  blood  coagulates  slowly ;  by  contact  with  foreign  bodies  coagulation  oc- 
curs quickly.  Carbonic  acid  protracts  or  prevents  coagulation  ;  passing  air 
through  the  liquid,  or  any  other  agitation,  hastens  it.  Free  acids,  for  ex- 
ample, acetic,  lactic,  phosphoric,  and  also  free  alkalies  and  their  carbon- 
ates, stop  coagulation.  When  brought  into  a  solution  of  sodium  nitrate  or 
chloride,  fibrin  swells  to  a  slimy  jelly-like  mass,  and  partially  dissolves: 
sodium  sulphate  also  hinders  the  coagulation  of  fibrin.  Thus  fibrin  may 
be  prepared  by  allowing  the  blood  to  flow  from  a  rein  into  a  vessel  con- 
taining much  concentrated  solution  of  sodium  sulphate  whilst  it  is  briskly 
stirred.  The  whole  is  left  to  stand  until  the  blood-globules  are  completely 
separated.  The  clear  fluid  is  then  thrown  into  ten  times  its  bulk  of  water, 
on  which  the  coagulation  of  the  liquid  takes  place.  When  washed  fibrin 
in  a  neutral  liquid  is  heated  to  72°,  it  becomes  white  and  loses  its  trans- 
parency, like  coagulated  albumin.  If  the  liquid  has  an  acid  reaction,  the 
coagulation  takes  place  even  at  a  lower  temperature.  Fibrin  is  usually 
procured  by  washing  the  coagulum  of  blood  in  a  cloth  until  all  the  soluble 
portions  are  removed,  or  by  agitating  fresh  blood  with  a  bundle  of  twigs, 
when  the  fibrin  attaches  itself  to  the  latter,  and  is  easily  removed  and 
cleansed  by  repeated  washing  with  water,  after  which  the  fat  is  extracted 
by  ether.  On  an  average,  fibrin  has  the  composition  62  6  carbon,  7*0  hy- 
drogen, 17*4  nitrogen,  21*8  oxygen,  and  1*2  sulphur. 

Coaqulatsd  Albuminous  Substances.  —  Coagulated  albumin  is  formed 
from  albumin,  syntonic,  fibrin,  myosin,  &c,  by  heating  their  neutral  solu- 
tions to  boiling,  or  by  the  action  of  alcohol.  Egg  albumin  is  also  changed 
into  coagulated  albumin  by  strong  hydrochloric  acid  and  by  ether.  The 
albuminates,  and  also  casein,  when  precipitated  by  neutralisation,  pass 
into  coagulated  albumin  when  heated.  The  coagulated  albuminous  sub- 
stances are  insoluble  in  water,  alcohol,  and  other  indifferent  fluids,  scarcely 
soluble  in  dilute  potash,  soluble  with  great  difficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  and  by  degrees  dissolve.  They  are  mostly  insoluble  in 
dilute  hydrochlorio  acid ;  but  when  pepsin  is  also  present  at  blood  heat, 
they  change  first  into  syntonin,  and  then  into  peptone.  They  are  dissolved 
by  strong  hydrochloric  acid,  and  by  caustic  potash  they  are  changed  into 
albuminates. 

Amyloid  Substance. — According  to  C.  Schmidt,  Friedreich,  and  Kekule\ 
it  is  composed  of  58-6  carbon,  7*10  hydrogen,  150  nitrogen,  and  14*4  oxy- 
gen and  sulphur.  It  differs  only  from  coagulated  albumin  in  being  colored 
reddish  by  iodine,  and  violet  by  sulphuric  acid  and  iodine.  It  gives  no 
trace  of  sugar  when  boiled  with  dilute  sulphuric  acid,  but  with  caustic 
potash  and  acid  it  behaves  exactly  like  an  albuminous  substance.  Concen- 
trated hydrochlorio  acid  dissolves  it,  and  the  solution  diluted  with  water 
gives  a  precipitate  which  has  all  the  properties  of  syntonin  hydrochlorate. 
By  solution  in  caustic  potash,  a  potassium  albuminate  is  obtained.  It  may 
be  formed  at  will  by  treating  fibrin  with  very  dilute  hydrochloric  acid,  and 
evaporating  the  solution  to  dryness  in  a  water-bath.  An  impure  amyloid 
substance  may  be  obtained  from  any  gland  much  infiltrated  with  the  sub- 
stance, as,  for  example,  the  liver,  by  dividing  it  and  removing  the  vessels, 
and  extracting  the  bile  substances  with  cold  water.  It  is  then  boiled  for 
some  time  with  water  to  remove  the  cellular  tissue,  and  the  residue  is 
treated  with  boiling  aloohol  and  ether  to  dissolve  the  fat  and  cholesterin. 
The  residual  mass  consists  chiefly  of  amyloid  substance  characterized  by 
the  iodine  reaction. 

Peptovs.  — By  the  action  of  the  acid  gastric  juice,  all  albuminous  sub- 
stances are  changed  into  bodies  called  peptones.     These  are  found  onlv  in 

67* 
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the  stomach  and  content*  of  the  small  intestines.  They  can  no  longer  be 
detected  in  the  chyle.  They  are  easily  soluble  in  water,  insoluble  in  alco- 
hol or  ether ;  but  alcohol  separates  them  with  difficulty  from  the  watery 
solution;  when  precipitated  they  remain  unchanged  even  after  boiling. 
They  are  not  precipitated  either  by  acids  or  by  alkalies.     Acetic  acid  and 

{lotassium  ferrocyanide  give  no  precipitate ;  but  oorrosWe  sublimate  and 
ead  acetate  with  ammonia  give  precipitates.  The  substance  designated  by 
Meissner  as  nutapeptone  does  not  certainly  belong  to  the  peptones,  although 
of  these  there  are  many  different  kinds,  whose  properties  are  not  yet  suffi- 
ciently made  out  to  enable  them  to  be  accurately  distinguished. 

Mitalbumin  was  found  by  Scherer  in  a  slimy,  ropy,  dropsical  liquid  ob- 
tained by  tapping.  In  the  dilute  liquid  neither  acetic  nor  hydrochloric 
acid  caused  a  precipitate.  It  became  cloudy  when  boiled,  and  after  this 
acetic  acid  caused  no  precipitate.  Acetic  acid  and  potassium  ferrocyanide 
also  caused  no  precipitate.  Alcohol  caused  a  precipitate,  which  redissolved 
in  water. 

Hemoglobin,  54*2  carbon,  7  2  hydrogen,  0*42  iron,  16  0  nitrogen,  21-5 
oxygen,  and  0*7  sulphur;  also  called  Hrnmatoglobulin  and  Hxwuttociystallut, 
This  substance  forms  the  chief  part  of  the  red  globules  of  the  blood  of 
vertebrata ;  usually  it  is  obtained  in  an  amorphous  condition,  but  from  the 
blood  of  some  animals — as,  for  example,  dogs,  cats,  rats,  mice,  and  many 
fish  —  it  can  be  separated  in  the  crystalline  form.  Red  crystals  can  be  ob- 
tained from  dog's  blood  by  mixing  the  defibrinated  blood  with  an  equal 
quantity  of  water  and  adding  one  volume  of  alcohol  to  four  volumes  of  the 
diluted  blood  and  leaving  it  to  stand  at  0°  C,  or  lower.  After  twenty-four 
hours  the  crystals  are  filtered  off,  squeezed,  and  dissolved  in  the  least  pos- 
sible quantity  of  water  at  25°  to  30°  C.  (77°-86°  FX  This  solution  is 
again  mixed  with  one-fourth  its  volume  of  alcohol,  and  the  re-crystallisa- 
tion  is  repeated  many  times.  In  different  animals  differently  formed  crys- 
tals are  found.  In  the  guinea-pig  they  are  tetrahedrons ;  in  the  squirrel, 
six-sided  tables;  in  the  goose,  rhombic  four- sided  or  six-sided  tables;  in 
dogs  and  cats,  long  four-sided  prisms.  In  a  vacuum  over  sulphuric  acid 
they  lose  water  of  crystallization  and  change  into  a  bright  brick-red  mass. 
The  crystals  which  form  when  the  air  has  access  to  them  also  contain  oxy- 
gen loosely  combined;  the  more  moist  they  are  the  more  oxygen  they  con- 
tain. This  they  lose  when  warmed  in  a  vacuum ;  by  exposure  over  sulphu- 
ric acid  a  portion  of  the  oxygen  escapes.  The  crystals  dissolve  in  water 
with  difficulty ;  the  saturated  solution  at  5°  C.  (41°  F.),  contains  2  per 
cent,  haemoglobin,  but  by  increase  of  temperature  the  solubility  is  con- 
siderably increased.  In  feebly  alkaline  liquids,  as  in  blood-serum,  the 
crystals  are  much  more  soluble. 

These  solutions  have  a  very  beautiful  blood-red  color  and  absorb  the 
light  from  the  commencement  of  the  red  to  three-fourths  of  the  section  of 
the  spectrum  between  the  lines  C  and  D  in  the  solar  spectrum.  The  part 
of  the  spectrum  lying  about  the  line  D  of  this  space  between  C  and  D  is 
much  more  strongly  absorbed  than  the  rest.  If  the  oxygen  is  expelled 
from  the  solution  by  carbon io  acid  or  hydrogen,  the  liquid  then  absorbs 
the  light  most  beyond  D ;  the  rest  of  the  light  is  more  strongly  absorbed 
than  it  is  by  the  haemoglobin  solution  which  contains  oxygen ;  and  even 
the  light  between  A  and  B  is  more  strongly  absorbed  by  solutions  which 
contain  no  oxygen  than  by  those  which  contain  it  The  change  of  color 
and  transparency  of  the  blood  and^  blood-solutions  when  they  pass  from 
the  venous  oondition  into  one  containing  more  oxygen,  and  vice  vrrsQ,  de- 
pend, without  doubt,  on  these  optical  properties.  The  fresh  blood  taken 
from  a  vein  of  an  an**»*l~*l*4B]ilHlMlraBg  absorption  of  light  from  11 
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to  beyond  G  in  the  spectrum,  and  this  disappears  when  the  blood  is  agi- 
tated with  air. 

When  a  concentrated  solution  of  haemoglobin  is  diluted  with  water,  it 
rapidly  increases  in  transparency  up  to  the  line  D;  by  further  dilution  the 
spectrum  extends  beyond  F,  whilst  at  the  same  time  between  D  and  £  a 
green-yellow  streak  appears.  The  band  lying  nearest  to  D  is  darker  and 
more  sharply  bounded  than  the  other,  and  ultimately  disappears  by  con- 
tinued dilution  a  little  later  than  the  other  band ;  the  appearance  of  these 
bands  is  influenced  by  the  combination  of  oxygen  with  the  haemoglobin. 
For  if  a  tolerably  dilute  blood  solution  is  allowed  to  stand  some  time,  or 
if  such  a  solution  is  warmed  in  a  water-bath  above  50°  C.  (122°  F.),  or  if 
to  a  blood  solution,  or  a  pure  solution  of  haemoglobin,  a  few  drops  of  am- 
monium sulphide,  or  of  an  ammoniacal  solution  of  lino  tartrate,  be  added, 
the  arterial  color  of  the  solution  gradually  vanishes,  and  by  examination 
in  the  spectrum,  in  the  place  between  these  two  bands,  there  is  seen  a 
broader  ill-defined  absorption-band,  about  in  the  middle  between  D  and  £ ; 
at  the  same  time  the  blue  shows  that  it  is  less  absorbed  than  by  blood  con- 
taining oxygen.  The  venous  blood  of  animals  does  not  show  this  property 
clearly  when  it  is  taken  from  the  animal ;  but  animals  that  have  died  as- 
phyxiated do  show  this  ohange  in  the  blood.  If  a  solution  of  haemoglobin, 
or  of  blood,  from  which  the  oxygen  has  been  taken  away,  is  shaken  with 
atmospheric  air,  the  two  absorption-bands  of  the  haemoglobin  containing 
oxygen  again  appear,  and  the  oxygen  must  be  chemically  combined  with 
the  haemoglobin,  for  it  is  not  removed  by  nitric  oxide  gas. 

Dilute  solutions  of  haemoglobin  may  be  heated  to  70°  or  80°  C.  (158°- 
176°  F.)  for  a  short  time  without  marked  change,  but  when  the  heat  is  con- 
tinued, the  haemoglobin  splits  into  hssmatin  and  coagulated  albumin,  with 
marked  change  of  color  and  coagulation.  Alcohol  causes  the  same  decom- 
position. Generally  no  substance  is  known  which  can  precipitate  haemo- 
globin without  at  the  same  time  destroying  it;  alkalies,  and  more  readily 
acids,  cause  it  to  split  without  first  precipitating  it;  this  occurs  the  more 
readily  the  more  concentrated  the  alkali  or  acid  is,  or  the  greater  the  quan- 
tity of  it  used,  and  the  more  concentrated  the  solution  of  haemoglobin,  or 
the  higher  the  temperature.  Haemoglobin,  in  a  dilute  solution  at  ordinary 
temperature,  is  not  decomposed  by  carbonated  alkalies.  A  feebly  alkaline 
solution  is  more  permanent  than  a  neutral  solution ;  the  feeblest  acids,  even 
carbonic  acid,  decompose  haemoglobin ;  hydrogen  sulphide  does  not  act  on 
haemoglobin  when  it  contains  no  oxygen,  but  on  oxyhemoglobin  it  acts, 
causing  the  separation  of  sulphur  and  of  an  albuminous  substance.  Car- 
bon monoxide  passed  into  a  solution  of  oxyhemoglobin  drives  the  oxygen 
out  and  forms  a  compound  of  carbon  monoxide  and  haemoglobin.  It  also 
combines  with  haemoglobin  free  from  oxygen. 

Metahtemoglobin,  bo  named  by  Hoppe,  may  be  a  mixture  of  haBmatin  and  an 
easily  soluble  albuminous  matter.  It  has  been  found  in  old  extravasations 
of  blood,  in  the  brown  fluid  from  the  ovaries,  in  strumous  cysts,  hydrocele, 
&c,  or  when  a  solution  of  haemoglobin  is  long  kept.  Even  when  a  solution 
of  haemoglobin  is  filtered,  that  which  is  sucked  up  by  the  edge  of  the  filter 
pasjes  into  metahaemoglobin.  Ozone  has  the  same  action.  A  solution  of 
metahaemoglobin  has  a  manifestly  acid  reaction  arising  from  volatile  acids 
(butyric  and  formic),  produced  by  changes  in  the  haemoglobin.  The  optical 
properties  of  metahaemoglobin  are  similar  to  those  of  solutions  of  haematin 
in  acids,  alcohol,  and  ether. 

Hjbhatin,  CffHimNttFe^,,,  occurs  in  the  body  as  a  product  of  the  decom- 
position of  haemoglobin  in  old  extravasations;  after  haemorrhage  into  the 
stomach  it  may  be  found  in  the  faeces.  It  is  obtained  pure  by  dissolving 
the  compound  with  hydrochloric  acid  in  ammonia,  evaporating  to  dryness, 
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and  heating  the  residue  to  180°  C.  (266°  F.).  The  ammonium  chloride  is 
extracted  with  water,  and  the  residue  dried  at  180°.  It  gives  12-8  per  cent. 
of  iron  oxide  as  a  residue  when  burnt,  and  is  insoluble  in  water,  alcohol, 
ether,  and  chloroform.  In  ammoniacal  solutions  it  is  soluble.  It  combines 
with  alkalies  and  acids:  by  boiling  with  dilute  nitric  acid  it  loses  its  color, 
and  is  decomposed.  Chlorine  passed  into  an  alkaline  solution  decomposes 
it  Tery  rapidly. 

Hmmatin  combined  with  Hydrochloric  Add,  C-Hj^N^ejO^.  2HC1,  is  ob- 
tained in  regular  crystals  by  treating  haemoglobin  or  metahsemoglobin  with 
common  salt  and  strong  acetio  acid.  The  defibrinated  blood  of  some  animal 
is  diluted  with  once  or  twice  its  volume  of  water,  and  lead  acetate  is  added 
as  long  as  a  precipitate  falls.  The  blood  is  then  filtered,  and  the  excess  of 
lead  removed  from  the  filtrate  by  sodium  carbonate,  again  filtered,  and  the 
clear  solution  is  evaporated  oyer  sulphuric  acid.  The  residue  is  powdered 
and  rubbed  with  from  15  to  20  times  its  weight  of  commercial  glacial  acetic 
acid,  to  which  a  little  common  salt  is  added.  The  brown  mixture  is  heated 
in  a  water-bath,  and  frequently  shaken  for  an  hour  or  two  until  all  is  dis- 
solved. About  five  times  the  volume  of  pure  water  is  then  added,  and  it  is 
left  to  stand  for  a  week  in  an  even  temperature.  The  liquid  is  then  poured 
off  from  the  crystals ;  these  are  again  boiled  with  glacial  acetic  acid ;  a 
great  mass  of  water  is  then  added,  and  the  precipitate  is  allowed  to  settle, 
separated,  well  washed,  again  allowed  to  deposit,  and  then  dried  in  a  water- 
bath.  The  crystals  are  mostly  thin  rhombic  plates  of  dark-blue  color,  and 
dirty-brown  by  transmitted  light.  From  the  name  of  their  discoverer  they 
are  called  Taehmanri'*  Btemin  cryttaU.  They  are  perfectly  insoluble  in  water, 
alcohol,  and  ether.  They  are  soluble  in  acids  and  alkalies,  but  only  in  acetic 
and  hydrochlorio  acids  without  decomposition.  They  may  be  heated  to 
180°  C.  (266°  F.),  without  decomposition:  at  red  heat  they  do  not  swell  up, 
but  burn,  leaving  pure  oxide  of  iron. 

Mucin,  containing  62*2  carbon,  7-0  hydrogen,  12  6  nitrogen,  and  28-2 
oxygen,  usually  called  mucus,  may  be  prepared  from  filtered  ox-gall  by 
precipitating  it  with  alcohol,  washing  with  dilute  alcohol,  dissolving  in  wa- 
ter, and  precipitating  by  acetic  aoid.  It  cannot  be  perfectly  purified  from 
biliary  coloring  matter.  It  may  be  obtained  more  pure  from  the  salivary 
glands  by  solution  in  water  and  precipitation  by  acetic  acid.  Mucin  swells 
up  in  water,  and  by  sufficient  dilution  it  can  be  filtered.  It  is  precipitable 
by  alcohol  in  excess ;  also  by  acetic  acid,  and  it  is  not  soluble  in  an  excess 
of  the  precipitant;  also  by  nitric,  hydrochloric,  and  sulphuric  acids,  and 
it  is  soluble  in  an  excess  of  these  acids.  It  is  not  precipitated  by  mercuric 
chloride,  lead  acetate,  or  potassium  ferrocyanide.  It  is  not  coagulable  by 
boiling;  when  thoroughly  dried,  it  merely  swells  in  water  to  a  thick  i 


Ptin  is  said  often  to  occur  in  pus :  but  normal  pus  contains  neither  pyin 
nor  mucin.  It  is  precipitable  by  acetic  acid,  and  this  precipitate  is  not 
soluble  in  an  excess  of  acid,  while  the  precipitates  with  nitric  and  hydro* 
chloric  acids  are  so ;  a  solution  of  pyin  in  hydrochloric  acid  is  not  precipi- 
table by  a  solution  of  potassium  ferrocyanide.  It  is  distinguishable  from 
mucin  only  by  being  precipitable  by  mercurio  chloride  and  lead  acetate. 
The  precipitate  which  forms  in  the  serum  of  healthy  pus  on  the  addition 
of  acetic  acid  is  soluble  in  a  solution  of  common  salt,  and  consists  of  al- 
bumin. 

Pxpsw  has  not  yet  been  perfectly  isolated ;  it  resembles  mucin,  and  is 
precipitated  by  lead  acetate  and  by  alcohol ;  according  to  Briicke's  dis- 
covery it  is  also  carried  down  from  its  solution  when  any  fine  granular  pre- 
cipitate is  produced.  Bnicke's  method  has  also  been  used  for  isolating 
other  substances  resembUna?_aeMttMAK  shift  purpose  fresh-formed  cal- 
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eium  phosphate  or  cholesterin  is  dissolved  in  4  parts  alcohol  and  1  ether, 
or  even  animal  charcoal  or  milk  of  sulphur  may  be  used.  The  pepsin  may 
be  obtained  thus  dissolved  in  water,  and  this,  when  mixed  with  very  dilute 
hydrochloric  acid,  changes  albumin  into  peptone. 

Sugar-forming  Ferments  in  Saliva  and  Pancreatic  Fluid  have  also 
been  separated  by  addition  of  dilute  phosphoric  acid,  and  subsequent  neu- 
tralization afterwards  by  lime-water  and  by  ethereal  solutions  of  cholesterin. 
They  can  be  dissolved  in  water  and  precipitated  by  absolute  alcohol.  They 
can  be  dried  at  ordinary  temperatures  without  decomposition.  If  heated 
to  100°,  they  lose  their  power  of  acting  upon  starch.  When  boiled  with 
nitric  acid,  and  mixed  with  an  excess  of  ammonia,  the  solution  remains 
colorless. 

Gelatin  and  Chondrin. — Animal  membranes,  skin,  tendons,  and  even 
bones,  dissolve  in  water  at  a  high  temperature  more  or  less  completely,  but 
with  very  different  degrees  of  facility,  giving  solutions  which  on  cooling 
acquire  a  soft-solid,  tremulous  consistence.  The  substance  so  produced  is 
called  gelatin:  it  does  not  pre-exist  in  the  animal  system,  but  is  generated 
from  the  membranous  tissue  by  the  action  of  hot  water.  The  jelly  of 
calves'  feet,  and  common  size  and  glue,  are  familiar  examples  of  gelatin  in 
different  conditions  of  purity.  Isinglass,  the  dried  swimming-bladder  of 
the  sturgeon,  dissolves  in  water  merely  warm,  and  yields  a  beautifully  pure 
gelatin.  In  this  state  it  is  white  and  opalescent,  or  translucent,  quite  in- 
sipid and  inodorous,  insoluble  in  cold  water,  but  readily  dissolving  by  a 
slight  elevation  of  temperature.  Cut  into  slices  and  exposed  to  a  current 
of  dry  air,  it  shrinks  prodigiously  in  volume,  and  becomes  a  transparent, 
glassy,  brittle  mass,  which  is  soluble  in  warm  water,  but  insoluble  in  alco- 
hol and  ether.  By  dry  distillation  a  watery  fluid  is  produced,  containing 
much  carbonate  of  ammonia,  and  a  thick  brown  oil,  in  which,  besides  am- 
monium carbonate,  ammonium  sulphide,  ammonium  cyanide,  and  neutral 
oily  bodies,  various  basic  substances  exist,  as  aniline,  picoline,  methyl- 
amine,  trimethylamine,  butylamine,  and  probably  many  others.  In  the 
dry  state,  gelatin  may  be  kept  indefinitely:  in  contact  with  water,  it 
becomes  acid,  loses  the  property  of  gelatinizing,  and  putrefies.  Long-con- 
tinued boiling  gradually  alters  it,  and  the  solution  loses  the  power  of  form- 
ing a  jelly  on  cooling.  1  part  of  dry  gelatin  or  isinglass  dissolved  in  100 
parts  of  water  solidifies  on  cooling. 

An  aqueous  solution  of  gelatin  is  precipitated  by  alcohol,  which  with- 
draws the  water :  corrosive  sublimate  in  excess  gives  a  white  flocculent 
precipitate,  and  the  same  happens  with  solution  of  mercurous  and  mer- 
curic nitrate:  neither  alum,  neutral  lead  acetate,  nor  basic  lead  ace- 
tate affects  a  solution  of  gelatin.  With  tannic  acid  or  infusion  of  galls, 
gelatin  gives  a  copious,  whitish,  curdy  precipitate,  which  coheres  on 
stirring  to  an  elastic  mass,  quite  insoluble  in  water,  and  incapable  of  pu- 
trefaction. 

Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with  a  solution  of 
gelatin.     It  does  so  even  when  the  solution  is  exceedingly  dilute. 

Chlorine  passed  into  a  solution  of  gelatin  occasions  a  dense  white  pre- 
cipitate of  chlorite  of  gelatin,  which  envelops  each  gas-bubble,  and  ulti- 
mately forms  a  tough,  elastic,  pearly  mass,  somewhat  resembling  fibrin. 
Boiling  with  strong  alkalies  converts  gelatin,  with  evolution  of  ammonia, 
into  leucine,  and  glycocine.  This  last-mentioned  substance,  also  culled 
glycocol,  was  first  formed  by  the  action  of  cold  concentrated  sulphuric  acid 
upon  gelatin,  and  has  lately  been  obtained  by  the  action  of  acids  upon  hip- 
purio  acid,  which  is  thereby  resolved  into  benzoic  acid  and  glycocine  (see 
page  633). 

A  dilute  solution  of  gelatin,  distilled  with  a  mixture  of  potassium  bichro- 
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mate  and  sulphuric  acid,  yields  aoetio,  valeric,  bentoio,  and  hydrocyanic* 
acids,  and  two  volatile  oily  principles  termed  vaUrontiriU,  C^HjN,  and  val- 
*raeetonitrile9  CMHtfN4Or  The  former  is  a  thin  colorless  liquid,  of  aromatic 
odor,  like  that  of  salicylol :  it  is  lighter  than  water,  and  boils  at  126°  C. 
(257°  F.).  The  latter  much  resembles  the  first,  but  boils  at  70°  C.  (168°  F.)- 
Alkalies  convert  Taleronitrile  into  valeric  aoid  and  ammonia,  and  valerace- 
tonitrile  into  ralerio  acid,  acetic  acid,  and  ammonia.  Vaieracetonitrile 
contains  the  elements  of  4  molecules  of  Taleronitrile  and  8  molecules  of 
acetic  acid: 

CJ&Jt&t         =         4GflJ&         -f-         8C,H4Or 

Dry  gelatin,  subjected  to  analysis,  has  been  found  to  contain  in  100  parts, 
60-05  carbon,  6*47  hydrogen,  18*85  nitrogen,  and  25*18  oxygen. 

The  cartilage  of  the  ribs  and  joints  yields  a  gelatin  differing  in  some  re- 
spects from  the  preceding:  it  is  called,  by  way  of  distinction,  chondrin.  It 
is  less  soluble  in  boiling  water  than  gelatin.  It  is  precipitated  from  its 
solution  by  acetic  acid,  and  is  not  soluble  in  an  excess  of  acid.  Other  acids 
in  very  small  quantity  precipitate  chondrin,  but  the  slightest  excess  redis- 
solves  the  precipitate.  Acetate  of  lead  and  solution  of  alum  also  precipi- 
tate this  substance.  These  reactions  distinguish  chondrin  from  gelatin. 
Scherer  gives  50*76  carbon,  6-90  hydrogen,  14-70  nitrogen,  and  27  65  oxy- 
gen. The  doubtful  formulas  CMH|IN40T  and  C^H^ N^O^,  have  been  assigned 
to  chondrin. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any  one  of 
the  more  complex  aiotised  animal  principles,  be  mixed  with  solution  of 
cuprio  sulphate,  and  then  a  large  excess  of  caustic  potash  added,  the  green- 
ish precipitate  first  formed  is  redissolved,  and  the  liquid  acquires  a  deep 
and  beautiful  purple  tint. 

Gelatin  is  largely  employed  as  an  article  of  food,  as  in  soups,  ftc. ;  but 
its  value  in  this  respect  has  been  perhaps  overrated.  In  the  useful  arts,  sise 
and  glue  are  consumed  in  great  quantities.  These  are  prepared  from  the 
clippings  of  hides,  and  other  similar  matters,  enclosed  in  a  net,  and  boiled 
with  water  in  a  large  caldron.  The  strained  solution  gelatinizes  on  cool- 
ing, and  constitutes  size.  Glue  is  the  same  substance  in  a  state  of  desicca- 
tion, the  sise  being  cut  into  slices  and  placed  upon  nettings  freely  exposed 
to  a  current  of  air.  Gelatin  is  extracted  from  bones  with  much  greater 
difficulty :  the  best  method  of  proceeding  is  said  to  be  to  enclose  the  bones, 
previously  crushed,  in  strong  metallic  cylinders,  and  admit  high-pressure 
steam,  which  attacks  and  dissolves  the  animal  matter  much  more  easily 
than  boiling  water;  or,  to  steep  the  bones  in  dilute  hydrochloric  acid, 
thereby  removing  the  earthy  phosphate,  and  then  dissolve  the  soil  and 
flexible  residue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or  rather  of  the 
material  which  produces  it,  which  deserves  notice  —  vis.,  to  the  clarifying 
of  wines  and  beer  from  the  finely  divided  and  suspended  matter  which 
often  renders  these  liquids  muddy  and  unsightly.  When  isinglass  is  di- 
gested in  very  dilute  cold  acetic  acid,  as  sour  wine  and  beer,  it  softens, 
swells,  and  assumes  the  aspect  of  a  very  light  transparent  jelly,  which, 
although  quite  insoluble  in  the  cold,  may  be  readily  mixed  with  a  large 
quantity  of  watery  liquid.  Such  a  preparation,  technically  called  fining*, 
is  sometimes  used  by  brewers  and  wine-merchants  for  the  purpose  before 
mentioned:  its  action  on  the  liquor  with  which  it  is  mixed  seems  to  be 
purely  mechanical,  the  gelatinous  matter  slowly  subsiding  to  the  bottom  of 
the  cask,  and  carrying  with  it  the  insoluble  substance  to  which  the  tur- 
bidity was  due. 

Horny  Matter;  Elastiw  (55*5  carbon,  7-4  hydrogen,  16-7  nitrogen,  and 
20*6  oxygen). — This  substance  is  prepared  by  boiling  the  Ugamentom  nuehm 
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of  cattle  with  alcohol,  ether,  water,  concentrated  acetic  acid,  and  dilute 
caustic  soda.  It  has  a  yellow  color  when  moist,  is  extensible,  but  becomes 
brittle  after  drjing.  It  is  perfectly  insoluble  in  eold  or  boiling  water,  also 
in  ammonia,  acetic  acid,  or  alcohol.  In  a  concentrated  solution  of  potash 
it  is  dissolved,  and  at  the  same  time  decomposed.  The  solution  is  not  pre- 
cipitated by  acids,  only  with  tannic  acid  the  neutral  solution  gives  a  pre- 
cipitate. When  boiled  with  sulphuric  acid  it  is  decomposed,  with  formation 
of  leucine. 

Kiratth.  —  Hair,  nails,  horn,  feathers,  epidermis,  and  epithelium,  boiled 
with  ether,  alcohol,  water,  and  dilute  acid,  yield  residual  substances  which 
do  not  agree  well  in  their  analysis,  and  therefore  probably  are  not  rightly 
classed  under  one  name.  These  bodies  swell  but  little  in  water,  but  when 
dry  are  very  hygroscopic.  By  continual  boiling  in  water  at  150°  C.  (802° 
F.).  they  partially  decompose.  A  milky  liquid  forms,  and  sulphuretted 
hydrogen  escapes.  If  the  solution  is  evaporated  to  dryness,  a  residue,  in- 
soluble in  water,  remains.  In  acetic  acid  these  substances  swell  up  more 
than  in  water,  without  materially  altering  in  texture ;  in  concentrated 
acetic  acid  they  dissolve  when  boiled ;  and  when  boiled  with  sulphuric 
acid,  they  give  leucine,  and  about  4  per  cent,  of  tyrosine.  In  caustic  pot- 
ash, and  with  difficulty  in  a  solution  of  potassium  carbonate,  they  swell 
up,  and  when  heated  dissolve.  The  alkaline  solutions  evolve  sulphuretted 
hydrogen  on  addition  of  acids. 

FibroIn,  48*6  carbon,  6-6  hydrogen,  17*8  nitrogen,  and  27*6  oxygen.  — 
This  substance  dissolves  in  concentrated  acids  and  alkalies  and  in  ammo- 
niacal  cupric  solution,  but  not  in  ammonia:  when  neutralized,  the  solutions 
give  precipitates ;  by  boiling  with  dilute  sulphuric  acid  it  yields  leucine 
and  6  per  cent,  of  tyrosine. 

Spongin  is  obtained  from  sponge  by  treating  it  with  ether,  alcohol,  hy- 
drochloric acid,  and  5  per  cent,  soda-lye.  It  closely  agrees  in  composition 
with  fibroin,  but  when  boiled  with  sulphuric  acid  does  not  yield  tyrosine, 
but  glycocine  and  leucine. 

Cohchiolin  forms  the  greater  part  of  the  organio  basis  of  mussel-shells. 
It  is  insoluble  in  water,  alcohol,  acetic  acid,  dilute  mineral  acid,  and  pot- 
ash-lye. It  contains  16  or  17  per  cent,  of  nitrogen,  and  gives  by  boiling 
with  sulphuric  acid,  only  leucine,  and  no  tyrosine,  glycocine,  or  sugar. 

Chitim,  from  the  skeleton  of  insects  and  Crustacea,  C9H,,HOr  It  is  best 
prepared  by  boiling  the  elytra  of  the  cockchafer  with  alkalies,  water,  acetic 
acid,  alcohol,  and  ether.   It  yields  glucose  when  dissolved  in  sulphuric  acid. 

Protagon  and  Eurine. — Protagon,  first  prepared  and  investigated  by 
Liebreich,  was  formerly  known  in  an  impure  state  as  cerebrin,  cerebrio 
acid,  lecithin,  and  when  swollen  in  water,  as  myelin.  It  forms  the  chief 
constituent  of  the  nervous  substance  in  the  nervous  centres  and  peripheral 
nerves.  It  also  most  likely  occurs  in  oil  of  eggs,  in  pus-cells,  in  white 
blood-cells,  and  in  semen ;  but  at  present  it  has  only  been  obtained  pure 
from  the  brain,  which  must  be  freed  as  much  as  possible  from  blood  and 
extraneous  tissues.  The  emulsion  is  agitated  with  water,  and  poured  into 
a  flask :  muoh  ether  is  poured  on  it,  and  after  constant  shaking  at  29°  C. 
(84°  F.),  it  is  allowed  to  stand  for  some  time  and  at  the  same  temperature. 
The  ether  is  poured  off,  filtered,  and  the  solution  is  cooled  from  0°  to 
— 10°  C.  (14°  F.),  filtered  at  this  low  temperature,  and  washed  out  with 
cold  ether  until  no  more  cholesterin  is  extracted  by  the  ether.  The  resi- 
due is  dried  over  sulphuric  acid,  dissolved  in  alcohol  of  80  per  cent,  at 
40°  C.  (101°  F.),  to  form  a  not  too  concentrated  solution,  and  then  it  is 
allowed  to  cool  slowly  in  a  water-bath.    The  protagon  crystallises  out  in 
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bundles  of  line  needles.  It  is  colorless  and  without  smell,  scaroelj  soluble 
in  pure  ether,  easily  in  warm  spirit  of  wine,  very  easily  in  fatty  and  ethereal 
oils,  and  very  easily  also  Mi  warm  ethereal  solutions  of  fat.  In  water  it 
swells  up  to  an  opalescent  white  mass  like  a  decoction  of  starch,  and  in 
concentrated  solution  forms  a  firm  paste.  When  heated  in  alcohol,  more 
especially  in  absolute  alcohol,  above  60°  to  60°  C.  (122°-140°  F.),  it  decom- 
poses with  separation  of  oily  drops.  When  boiled  with  strong  baryta-wa- 
ter, the  protagon  by  degrees  decomposes  into  glycerin,  phosphoric  acid, 
stearic  acid,  and  a  third  crystalline  non-nitrogenous  acid  not  thoroughly 
investigated ;  but  its  lead-salts  are  soluble  in  ether ;  in  addition  to  these 
acids,  neurine  is  formed,  which  is  a  strong  base. 

Niurine,  CjH^NO,  or  CsHMN(OH),  was  obtained  by  Liebreich  by  boil- 
ing protagon  continuously  with  baryta-water,  precipitating  the  baryta  with 
carbonic  acid,  evaporating  the  filtrate  to  a  very  small  volume,  precipitating 
with  absolute  alcohol,  evaporating  the  filtered  alcoholic  extract  to  a  syrup, 
again  dissolving  it  in  absolute  alcohol,  and  precipitating  the  concentrated 
solution  in  alcohol  with  platinio  chloride.  The  double  platinum-salt, 
(CSH14NC1)S .  PtCl4,  is  easily  soluble  in  water,  and  crystallises  in  thin  large 
rhombic  tables  of  a  yellow  color.  It  is  not  altogether  insoluble  in  alcohol. 
Solutions  of  neurine  react  very  strongly  alkaline,  even  after  carbonic  acid 
has  long  been  passed  into  them.  The  solution  of  the  base  in  absolute  alco- 
hol becomes  thick  by  passing  carbonic  aoid  into  it;  carbonate  of  neurine 
with  an  alkaline  reaction  then  forms.  This  is  decomposed  with  efferves- 
cence by  strong  acids.  The  neurine  forms  out  of  protagon  by  simply  split- 
ting into  glycerin,  phosphorio  acid,  &c.  By  its  formation  no  evolution  of 
ammonia  takes  place,  and  the  neurine  takes  all  the  nitrogen  of  the  prota- 
gon. Bauer  has  lately  shown  that  this  substance  is  the  hydrate  of  tri- 
methyl-etbyl-ammonium,  and  Wurtx  has  actually  produoed  this  complex 
organic  substance  synthetically. 

Inobinic  Acid,  CfH§Nt0,  (?),  found  by  Liebig  in  the  flesh  of  some  warm- 
blooded animals.  It  has  not  yet  been  obtained  in  crystals,  but  as  a  syrup 
which  becomes  solid  in  alcohol.  It  dissolves  easily  in  water,  reddens  lit- 
mus strongly,  tastes  pleasantly  like  soup,  and  partly  decomposes  by  boil- 
ing. Its  salts,  even  those  of  the  alkalies,  are  orystalline.  The  alkaline 
salts  are  soluble  in  water.  The  copper  and  silver-salts  form  amorphous, 
insoluble,  or  almost  insoluble  precipitates.  *  In  alcohol  and  ether  the  ino- 
sinio  salts  are  not  soluble. 

Chlorohodio  Acid,  obtained  by  Boadecker  from  pus  by  extraction  with 
ether,  alcohol,  and  water,  precipitation  with  lead  acetate,  decomposition 
by  hydrogen  sulphide,  and  extraction  with  absolute  alcohol,  forms  fine  mi- 
croscopic needles.  The  acid  dissolves  easily  in  water  or  alcohol,  but  not 
in  ether.  It  will  not  sublime,  melts  when  heated,  and  burns,  with  the 
smell  of  horn.  In  its  watery  solutions,  chloride  of  mercury  and  tin  and 
nitrate  of  mercury  cause  a  white  precipitate.  So  also  does  tannin.  Iodine 
gives  a  light  yellow  precipitate.  Chlorine  water  in  dilute  solutions  gives  a 
rosenred  color ;  dark-red  in  concentrated  solutions. 

Excrstin,  0-11,5,0,8,  according  to  Marcet.  Alcoholic  extract  of  human 
fasces  is  precipitated  with  lime,  and  extracted  with  alcohol  and  ether,  and 
the  solution  left  at  a  sufficiently  low  temperature  to  crystallise.  It  melts 
at  92°  to  96°  C.  (198°-206°  F.),  is  soluble  in  water,  and  in  warm  alcohol  or 
ether,  almost  insoluble  in  cold  alcohol.  The  solutions  have  a  neutral  reac- 
tion. Neither  boiling  oaustio  potash  nor  dilute  acids  attack  it.  Nitric 
acid  easily  decomposes  it. 

Excretolic  acid  is  the  name  given  by  Marcet  to  a  mixture  of  fatty  acids, 
&c,  which  are  pgaejpifte4  Jfrott  the  aleohollo  extraot  of  excrement  by  lime. 
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BLOOD,  TOim,  8WKAT,  8ALIYA,  GASTRIC  JUICB,  BILK,  CHYLE,  MUCUS,  PUS, 

MILK. 


Composition  op  thb  Blood.  —  The  blood  is  the  general  circulating  fluid 
of  the  animal  body,  the  source  of  all  nutriment  and  growth,  and  the  gen- 
eral material  from  which  all  the  secretions,  however  much  they  may  differ  in 
properties  and  composition,  are  derived.  Food  or  nourishment  from  with- 
out can  only  be  made  available  by  first  passing  through  the  blood.  It 
serves  also  the  scarcely  less  important  office  of  removing  and  carrying  off 
from  the  body  principles  which  are  hurtful,  or  no  longer  required. 

In  all  vertebrated  animals  the  blood  has  a  red  color,  and  probably  in  all 
cases  a  temperature  above  that  of  the  medium  in  which  the  creature  lives. 
In  the  mammalia  this  is  very  apparent,  and  in  the  birds  still  more  so.  The 
heat  of  the  blood  is  direotly  conneoted  with  the  degree  of  activity  of  the 
respiratory  process*  In  man  the  temperature  of  the  blood  seldom  varies 
much  from  36*6°  C.  (98°  FA  when  in  a  state  of  health,  even  under  great 
vicissitudes  of  climate:  in  birds  it  is  sometimes  as  high  as  42*8°  C.  (109° 
F. ).  To  these  two  highest  classes  of  the  animal  kingdom,  the  mammifers  and 
the  birds,  the  observations  about  to  be  made  are  intended  especially  to  apply. 

In  every  creature  of  this  description  two  kinds  of  blood  are  met  with, 
which  differ  very  considerably  in  their  appearance,  vix.,  that  contained  in 
the  left  side  of  the  heart  and  in  the  arteries  generally,  and  that  contained 
in  the  right  side  of  the  heart  and  in  the  veins :  the  former,  or  arterial  blood, 
has  a  bright-red  oolor;  the  latter,  the  venous  blood,  is  blackish-purple.  The 
conversion  of  the  dark  into  the  florid  blood  may  be  traoed  to  what  takes 
place  during  its  exposure  to  the  air  in  the  lungs ;  and  the  opposite  change, 
to  what  takes  place  in  the  capillaries  of  the  general  vascular  system,  or 
the  minute  tubes  or  passages,  distributed  in  countless  numbers  throughout 
the  whole  body,  whioh  connect  the  extremities  of  the  arteries  and  veins. 
When  compared  together,  little  difference  of  properties  or  composition  can 
be  found  in  the  two  kinds  of  blood :  the  haemoglobin  of  arterial  blood  is 
found  by  spectrum  analysis  to  differ  from  the  haemoglobin  of  venous  blood. 
The  difference  in  the  interference  bands  is  caused  by  the  combination  of 
oxygen  with  haemoglobin  in  the  arteries  and  its  deoxidation  in  the  veins. 
The  fibrin  varies  a  little,  that  from  venous  blood  being,  as  already  men- 
tioned, soluble  in  a  solution  of  potassium  nitrate,  which  is  not  the  case 
with  arterial  fibrin.  It  is,  besides,  very  prone  to  absorb  oxygen,  and  to 
become,  in  all  probability,  partly  changed  to  a  higher  oxygen-compound  of 
fibrin.  The  only  other  notable  point  of  difference  is  in  the  gaseous  matter 
the  blood  holds  in  solution,  carbonic  acid  predominating  in  the  venous,  and 
free  oxygen  in  the  arterial  variety. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  density  varying  from 
1-053  to  1  067,  and  a  decidedly  alkaline  reaction,  partly  from  soda  com- 
bined with  albumin,  and  partly  from  sodium  carbonate  and  phosphate :  it 
has  a  saline  and  disagreeable  taste,  and,  when  quite  recent,  a  peculiar  odor 
or  haUtus,  whioh  almost  immediately  disappears.  An  odor  may,  however, 
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Afterwards  be  developed  by  addition  of  sulphuric  acid,  which  is  by  some 

considered  characteristic  of  the  animal  from  which  the  blood  was  obtained. 

The  coagulation  of  blood  in  repose  has  been 

•ftp.  1OT-  already  noticed,  and  its  cause  traced  to  the  mu- 

8tual  action  of  the  fibrino-plastic  and  fibrino-genous 
O  substances,  which  together  constitute  fibrin :  the 

Q  ©  O  ft  effect  is  best  seen  when  the  blood  is  received  in  a 

4/**      (Ff@  shallow  vessel,  and  left  to  itself  some  time.     No 

(&        <§T    O        evolution  of  gas  or  absorption  of  oxygen  takes 
/*fO  place  in  this  process.     By  strong  agitation  coagu- 

£&  Qr    ffy|  lation  may  be  prevented ;  the  fibrin  in  this  case 

^      Q  OO^      separates  in  cohering  filaments. 

£>  Q  ©  ^      %fa         ^°  toe  D*kea>  eye  tne  blood  appears  a  homo- 
csO  ©»     ^5         ganeous  fluid ;  but  it  is  not  so  in  reality.     When 

©  ©  l3l®  examined  by  a  good  microscope,  it  is  seen  to  con- 

QrK$&0  O         sist  of  a  transparent  and  nearly  colorless  liquid, 

My**^  Oa    ^  in  which  float  about  a  countless  multitude  of  little 

Q)    @r*    ^  round  red  bodies  to  which  the  color  is  due;  these 

are  the  blood-dtic*  or  blood-corpuscle*  of  micro- 
scopic observers.  They  are  accompanied  by  colorless  globules,  fewer  and 
larger,  the  white  corpuscle*  of  the  blood. 

The  blood-ditct  are  found  to  present  different  appearances  in  the  blood 
of  different  animals:  in  the  mammifers  they  look  like  little  round  red  or 
yellowish  discs,  thin  when  compared  with  their  diameter,  being  flattened 
or  depressed  on  opposite  sides.  In  birds,  lizards,  frogs,  and  fish,  the  cor- 
puscles are  elliptical.  In  magnitude  they  seem  to  be  pretty  constant  in  all 
the  members  of  a  species,  but  differ  with  the  genus  and  order.  In  man 
they  are  verv  small,  varying  from  ^^  to  j^  of  an  inch  in  breadth,  while 
in  the  frog  the  long  diameter  of  the  ellipse  measures  at  least  four  times  as 
much.  The  corpusoles  consist  of  an  envelope  containing  a  fluid  in  which 
the  red  coloring  matter  of  the  blood  is  dissolved. 

The  coagulation  of  blood  effects  a  kind  of  natural  proximate  analysis; 
the  clear,  pale  serum,  or  fluid  part,  is  an  alkaline  solution  of  albumin,  con- 
taining various  soluble  salts ;  the  clot  is  a  mechanical  mixture  of  fibrin  and 
blood-globules,  swollen  and  distended  with  serum,  of  which  it  absorbs  a 
large  but  variable  quantity. 

The  following  table  represents  the  composition  of  healthy  human  blood 
as  a  whole ;  it  is  on  the  authority  of  M.  Leoanu :  * 

(1.)  (2.) 

Water 78015  786  68 

Fibrin                                            *  210  8-67 

Albumin 66-09  69-41 

Coloring  matter          ....  188-00  119-63 

Crystallixable  fat 2-48  4-80 

Fluid  fat 1-31  2-27 

Extractive  matter  of  uncertain  nature,  1  j.^g  j.gg 

soluble  in  both  water  and  alcohol    .  J 

Albumin  in  combination  with  soda.         .  1*26  2*01 

Sodium  and  potassium  chlorides,  car-  \  g.gj  y^Q 

bonates,  phosphates,  and  sulphates .  J 
Calcium  and  magnesium  carbonates ;  \ 

phosphates  of  calcium,  magnesium,  V  2-10  1-42 

and  iron ;  ferric  oxide    .        .        .J 

Lou 2-40  2-59 

1000-00  1000-00 
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In  healthy  individuals  of  different  sexes  these  proportions  are  found  to 
vary :  the  fibrin  and  coloring  matter  are  usually  more  abundant  in  the 
male  than  in  the  female :  in  disease,  variations  of  a  far  wider  extent  are 
often  apparent. 

It  appears  singular  that  the  red  corpuscles,  which  are  so  easily  dissolved 
by  water,  should  remain  uninjured  in  the  fluid  portion  of  the  blood.  This 
seems  partly  due  to  the  presence  of  saline  matter,  and  partly  to  that  of  al- 
bumin, the  corpuscles  being  alike  insoluble  in  a  strong  solution  of  salt  and 
in  a  highly  albuminous  liquid.  In  the  blood  the  limit  of  dilution  within 
which  the  corpuscles  retain  their  integrity  appears  to  be  nearly  reached, 
for  when  water  is  added  they  immediately  beoome  attaoked. 

Umms.  — The  urine  is  the  great  channel  by  which  the  aiotiied  matter  of 
those  portions  of  the  body  which  have  been  taken  up  by  the  absorbents, 
and  by  which  the  excess  of  nitrogenous  food  is  conveyed  away  and  rejected 
from  the  system  in  the  form  of  urea.  It  serves  also  to  remove  superfluous 
water  and  foreign  soluble  matters  which  get  introduced  into  the  blood. 

The  two  most  remarkable  and  characteristic  constituents  of  urine,  urea, 
and  uric  acid,  have  already  been  fully  described ;  in  addition  to  these,  it 
contains  lactic  and  hippuric  acids,  creatin,  creatinine,  and  traces  of  glucose 
and  indican,  calcium  and  magnesium  sulphates,  chlorides,  and  phosphates, 
alkaline  salts,  and  certain  yet  imperfectly  known  principles,  including  an 
odoriferous  and  a  coloring  substance. 

Healthy  human  urine  is  a  transparent,  light  amber-colored  liquid,  which, 
while  warm,  emits  a  peculiar,  aromatic,  and  not  disagreeable  odor.  This 
is  lost  on  cooling,  while  the  urine  at  the  same  time  occasionally  becomes 
turbid,  from  a  deposition  of  urates,  which  redissolve  with  slight  elevation 
of  temperature.  It  is  very  decidedly  acid  to  test-paper;  this  acidity, 
which  continually  varies  in  amount,  has  been  ascribed  to  acid  sodium  phos- 
phate, to  free  uric  acid,  and  to  free  lactic  acid ;  lactic  acid  can,  however, 
hardly  co-exist  with  alkaline  urates,  and  the  amorphous  buff-colored  de- 
posit obtained  from  fresh  urine  by  spontaneous  evaporation  in  a  vacuum, 
is  not  uric  acid,  but  mixed  acid  urates,  modified  as  to  crystalline  form  by 
the  presence  of  minute  quantities  of  sodium  chloride.  That  a  free  acid  is 
sometimes  present  in  the  urine  is  certain :  in  this  case  the  reaction  to  test- 
paper  is  far  stronger,  and  the  liquid  deposits  on  standing,  little,  red,  hard 
crystals  of  uric  acid  ;  but  this  is  no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  urine  from  fixed  alkali  is  sometimes  met 
with.  Such  alkalinity  oan  always  be  induced  by  the  administration  of  neu- 
tral potassium  or  sodium-salts  of  a  vegetable  acid,  as  tartaric  or  acetic 
acid :  the  acid  of  the  salt  is  burned  in  the  blood  in  the  process  of  respira- 
tion, and  a  portion  of  the  base  appears  in  the  urine  in  the  state  of  car- 
bonate. The  urine  is  often  alkaline  in  cases  of  retention,  from  ammonium 
carbonate  produced  by  putrefaction  in  the  bladder  itself ;  but  this  is  easily 
distinguished  from  alkalinity  from  fixed  alkali,  in  which  it  is  secreted  in  that 
condition. 

The  density  of  the  urine  varies  from  1  005  to  1*080:  about  1*020  to  1*025 
may  be  taken  as  the  average  specific  gravity.  A  high  degree  of  density  in 
urine  may  arise  from  an  unusually  large  proportion  of  urea :  in  such  a 
case,  the  addition  of  nitric  acid  will  occasion  an  almost  immediate  produc- 
tion of  crystals  of  urea  nitrate ;  whereas  with  urine  of  the  usual  degree 
of  concentration,  very  many  hours  will  elapse  before  the  nitrate  begins  to 
separate.  The  quantity  of  urine  passed  depends  much  upon  circumstances, 
as  upon  the  activity  of  the  skin.  It  is  usually  more  deficient  in  quantity 
and  of  higher  density  in  summer  than  in  winter.  Perhaps  about  32  ounces 
in  the  24  hours  may  be  assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  after  some  days  begins  to 
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decompose :  it  exhales  an  offensive  odor,  becomes  alkaline  from  the  pro- 
duction of  ammonium  carbonate,  and  turbid  from  the  deposition  of  earthy 
phosphates.  The  ammonium  carbonate  is  due  to  the  putrefactive  decom- 
position of  the  urea,  which  gradually  disappears,  the  ferment,  or  active 
agent  of  the  change,  being  a  peculiar  nitrogenous  substance  which  is 
always  voided  with  the  urine.  It  has  been  found  also  that  the  yellow  ad- 
hesive deposit  containing  infusoria  from  stale  urine  is  a  most  powerful  fer- 
ment to  the  fresh  secretion.  In  this  putrefied  state  urine  is  used  in  several 
of  the  arts,  as  in  dyeing,  and  forms  perhaps  the  most  valuable  manure  for 
land  known  to  exist. 

Putrid  urine  always  contains  a  considerable  quantity  of  ammonium  sul- 
phide: this  is  formed  by  the  deoxidation  of  sulphates  by  the  organic  mat- 
ter. The  highly  offensive  odor  and  extreme  pungency  of  the  decomposing 
liquid  may  be  prevented  by  previously  mixing  the  urine,  as  Liebig  sug- 
gests, with  sulphuric  or  hydrochloric  acid,  in  sufficient  quantity  to  saturate 
all  the  ammonia  that  can  be  formed. 

The  following  is  an  analysis  of  human  urine  by  Berxelius.  1000  parts 
contained — 

Water 98302 

Urea 80*10 

Lactates  and  extractive  matter    .        .  17-14 

Uric  acid 1-00 

Potassium  and  sodium  sulphates          .  6*87 

Sodium  phosphate  .....  2*92 

Ammonium  phosphate          .        .        .  1*65 

Calcium  and  magnesium  phosphates       .  1-00 

Sodium  chloride 4-46 

Sal-ammoniac 1*60 

Silica 008 

Mucus  of  bladder 0  32 


100000 


*  In  certain  states  of  disorder  and  disease,  substances  appear  in  the  urine 
which  are  never  present  in  the  normal  secretion :  of  these  the  most  com- 
mon is  albumin.  This  is  easily  detected  by  the  addition  o£  nitric  acid  in 
excess,  which  then  causes  a  white  cloud  or  turbidity,  which  is  permanent 
when  boiled,  or  by  corrosive  sublimate,  the  urine  being  previously  acidi- 
fied with  a  little  acetic  acid ;  boiling  usually  oauses  a  precipitate  which  is 
not  dissolved  by  a  drop  or  two  of  acid.  Mere  turbidity  by  boiling  is  no 
proof  of  albumin,  the  earthy  phosphates  being  often  thrown  down  from 
nearly  neutral  urine  under  such  circumstances ;  the  phosphatic  precipitate 
is,  however,  instantly  dissolved  by  a  drop  of  any  acid. 

In  diabetes  the  urine  contains  grape-sugar,  the  quantity  of  which  varies 
with  the  intensity  of  the  disease ;  sometimes  it  is  enormous,  the  urine  ac- 
quiring a  density  of  1*040  and  beyond.  It  does  not  appear  that  the  urea 
is  deficient  absolutely,  although  more  difficult  to  discover  from  being  mixed 
with  such  a  mass  of  syrup.  Very  small  traces  of  sugar  may  be  discovered 
in  urine  by  Trommer's  test,  formerly  mentioned  (p.  676)  :  a  few  drops  of 
solution  of  ouprio  sulphate  are  added  to  the  urine,  and  afterwards  an  ex- 
cess of  caustic  potash :  if  sugar  be  present,  a  deep  blue  liquid  results, 
which,  on  boiling,  deposits  red  cuprous  oxide.  With  proper  management 
this  test  is  very  valuable.  Urine  containing  sugar,  when  mixed  with  a 
little  yeast,  and  put  in  a  warm  place,  readily  undergoes  vinous  fermenta- 
tion, and  afterwards  yisidSjOm  distillation,  weak  alcohol  contaminated  with 
ammonia.  «„^a>.^sssssssssssssss)^H 

Theurin*4i4BissssssssssssssssssssW^f^  benxoic  add:  this  is 
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produoed  by  the  decomposition  of  hippuric  acid,  which  constantly  occurs 
in  the  urine  of  healthy  persons.  When  benzoic  acid  is  taken,  the  urine 
after  a  few  hours  yields  on  concentration,  and  the  addition  of  hydrochloric 
acid,  needles  of  hippuric  acid,  soiled  by  adhering  uric  acid. 

The  deposit  of  buff-colored  or  pinkish  amorphous  sediment,  which  so 
frequently  ocours  in  urine  upon  cooling,  after  unusual  exercise  or  slight 
derangements  of  health,  consists  of  a  variable  mixture  of  colored  acid 
urates  uncrystallized :  it  may  be  at  once  distinguished  from  a  deposit  of 
ammonio-magne8ian  phosphate  by  its  instant  disappearance  on  the  appli- 
cation of  heat.  The  earthy  phosphates,  besides,  are  hardly  ever  deposited 
from  urine  which  has  an  acid  reaction. 

The  coloring  matters  of  the  urine  hare  been  carefully  examined  by  Dr. 
Schnnck.  He  finds  that  most  of  the  substances  hitherto  described  as  col- 
oring healthy  urine  are  products  of  the  change  of  one,  or  at  most  two, 
coloring  matters,  which  are  always  present.  The  first  and  most  important 
of  these,  Dr.  Schunck  has  obtained  as  a  dark-yellow  extract,  amorphous 
and  deliquescent,  with  a  peculiar  odor.  It  is  soluble  in  alcohol  and  ether, 
as  well  as  in  water,  and  has  the  composition  C^H^NO,,.  It  is  decomposed 
at  a  boiling  temperature,  yielding  a  large  quantity  of  a  brown  resin  and 
volatile  organic  acid.  A  second  extractive  matter,  soluble  in  water  and  al- 
cohol, but  not  in  ether,  he  found  had  the  formula  C.9H2TNO,4.  This  is  cer- 
tainly produced  in  the  process  of  preparing  the  first  extractive  matter, 
and,  perhaps,  does  not  pre-exist  in  healthy  urine.  Heat  and  all  strong 
alkalies  and  acids  decompose  these  extractive  matters,  and  give  rise  to 
most  of  the  coloring  matters  which  have  hitherto  been  described  as  exist- 
ing in  healthy  urine.  The  reddish-pink  coloring  matter,  called  purpurin 
or  uro-erythrin,  which  adheres  so  tenaciously  to  the  urates,  is  not  an  ordi- 
nary constituent  of  healthy  urine,  but  is  formed  more  especially  when  the 
secretion  of  bile  is  diminished.  With  regard  to  the  presence  of  indican  in 
healthy  urine,  see  p.  583. 

The  yellow  principle  of  bile  may  be  observed  in  urine  in  cases  of  jaun- 
dice. 

The  urine  of  the  carnivorous  mammifera  is  small  in  quantity  and  highly 
acid.  It  has  a  very  offensive  odor,  and  quickly  putrefies.  In  composition 
it  resembles  that  of  man,  and  is  rich  in  urea.  In  birds  and  serpents,  the 
urine  is  a  white-  pasty  substance,  consisting  almost  entirely  of  urate  of  am- 
monia. In  herbivorous  animals  it  is  alkaline  and  often  turbid  from  earthy 
carbonates  and  phosphates:  urea  is  still  the  characteristic  ingredient, 
while  of  uric  acid  there  is  scarcely  a  trace:  hippuric  acid  is  usually,  if  not 
always,  present,  sometimes  to  a  very  large  extent.  When  the  urine  putre- 
fies, this  hippuric  acid,  as  already  noticed,  becomes  changed  to  bensoic  acid. 

Ueikaet  Calculi.  —  Stony  concretions,  differing  much  in  physical  char- 
acters and  in  chemical  composition,  are  unhappily  but  too  frequently 
formed  in  the  bladder  itself,  and  give  rise  to  one  of  the  most  distressing 
complaints  to  which  humanity  is  subject.  Although  many  endeavors  have 
been  made  to  find  some  solvent  or  solvents  for  these  calculi,  and  thus  su- 
persede the  necessity  of  a  formidable  surgical  operation  for  their  removal, 
success  has  been  but  very  partial  and  limited. 

Urinary  calculi  are  generally  composed  of  concentric  layers  of  crystal- 
line or  amorphous  matter,  of  various  degrees  of  hardness.  Very  frequent- 
ly the  central  point  or  nucleus  is  a  small  foreign  body :  curious  illustrations 
of  this  will  be  seen  in  any  large  collection.  Calculi  are  not  confined  to 
man:  the  lower  animals  are  subject  to  the  same  affliction  ;  they  have  been 
found  in  horses,  oxen,  sheep,  pigs,  and  almost  constantly  in  rats. 

The  following  is  a  sketch  of  the  principal  characters  of  the  different 
varieties  of  calculi :  — 
68* 
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1.  Uric  Acid.  — These  are  Among  the  most  common:  externally  tbey  are 
smooth  or  warty,  of  yellowish  or  brownish  tint :  they  have  an  imperfectly 
crystalline,  distinctly  concentric  structure,  and  are  tolerably  hard.  Be- 
fore the  blowpipe  the  uric  acid  calculus  burns  away,  leaving  no  ash.  It  is 
insoluble  in  water,  but  dissolves  with  facility  in  caustic  potash,  with  but 
little  ammoniacal  odor :  the  solution  mixed  with  acid  gives  a  copious  white 
curdy  precipitate  of  uric  acid,  which  speedily  becomes  dense  and  crystal- 
line. Cautiously  heated  with  nitric  acid,  and  then  mixed  with  a  little  am- 
monia, it  gives  the  characteristic  reaction  of  uric  acidr*iz.,  deep  purple- 
red  murexide. 

2.  Ammonium  Urate. — Calculi  of  ammonium  urate  much  resemble  the 
preceding;  they  are  easily  distinguished,  however.  The  powder  boiled  in 
water  dissolves,  and  the  solution  gives  a  precipitate  of  uric  acid  when 
mixed  with  hydrochloric  acid.  It  dissolves  also  in  hot  potassium  carbo- 
nate with  copious  evolution  of  ammonia. 

5.  Fusible  Calculus;  Calcium  Phosphate  with  Ammonio-Magnetian  Phos- 
pkale. — This  is  one  of  the  most  common  kinds.  The  stones  are  usually 
white  or  pale-colored,  smooth,  earthy,  and  soft;  they  often  attain  a  large 
size.  Before  the  blowpipe  this  substance  blackens  from  animal  matter, 
which  calculi  always  contain ;  then  becomes  white,  and  melts  to  a  bead 
with  comparative  facility.  It  is  insoluble  in  caustic  alkali,  but  readily  sol- 
uble in  dilute  acids,  and  the  solution  is  precipitated  by  ammonia.  Calculi 
of  unmixed  calcium  phosphate  are  rare,  as  also  those  of  magnesium  and 
ammonium  phosphate ;  the  latter  salt  is  sometimes  seen,  forming  small  bril- 
liant crystals,  in  cavities  in  the  fusible  calculus. 

4.  Calcium  Oxalate  Calcutta;  Mulberry  Calculus.  —  The  latter  name  is  de- 
rived from  the  rough,  warty  character,  and  dark  blood-stained  aspect  of 
this  variety :  it  is  perhaps  the  worst  form  of  calculus.  It  is  exceedingly 
hard :  the  layers  are  thick  and  imperfectly  crystalline.  Before  the  blow- 
pipe the  calcium  oxalate  burns  to  a  carbonate  by  a  moderate  red  heat,  and, 
when  the  flame  is  strongly  urged,  to  quicklime.  It  is  soluble  in  moderately 
strong  hydrochloric  acid  by  heat,  and  very  easily  in  nitric  acid.  When 
finely  powdered  and  long  boiled  in  a  solution  of  potassium  carbonate, 
potassium  oxalate  may  be  discovered  in  the  filtered  liquor  when  carefully 
neutralised  by  nitric  acid,  by  white  precipitates  with  solutions  of  lime, 
lead,  and  silver.  A  sediment  of  calcium  oxalate  in  very  minute,  transpar- 
ent, octahedral  crystals,  only  to  be  seen  by  the  microscope,  is  of  common 
occurrence  in  urine,  in  which  a  tendency  to  deposits  of  urates  exists. 

6.  Cystine  and  Xanthine.  —  These  calculi  are  very  rare,  especially  the 
latter.  Calculi  of  cystine  or  cystic  oxide  are  very  crystalline,  and  often 
present  a  waxy  appearance  externally :  sediments  of  cystic  oxide  are  some- 
times met  with.  This  substance  is  a  definite  cry  st  alii  sable  organic  prin- 
ciple, containing  sulphur  to  a  large  amount,  its  formula  being  CgH7NSOr 
The  powdered  calculus  dissolves  in  great  part,  without  effervescence,  in 
dilute  acids  and  alkalies,  including  ammonia :  the  ammoniacal  solution  de- 
posits, by  spontaneous  evaporation,  small  but  beautiful  colorless  crystals, 
which  have  the  form  of  six-sided  prisms  and  tables.  It  forms  a  saline 
compound  with  hydrochloric  acid.  Caustic  alkalies  disengage  ammonia 
from  this  substance  by  continued  ebullition.  When  the  solution  in  nitric 
acid  is  evaporated  to  dryness,  it  blackens :  when  it  is  dissolved  in  large 
quantity  of  caustic  potash,  a  drop  of  solution  of  lead  acetate  added,  and  the 
whole  boiled,  a  black  precipitate  containing  lead  sulphide  makes  its  appear- 
ance.    By  these  characters  cystine  is  easily  recognized. 

Xanthine  or  xanthic  oxide,  also  a  definite  organic  principle,  C6H4N.Or  is 
distinguished  by  the  peculiar  deep-yellow  color  produced  when  its  solution 
in  nitric  acid  is  evaporated  to  dryness :  it  is  soluble  in  alkalies  and  in  boil- 
ing, strong  hydrochloric  acid. 
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Very  many  calculi  are  of  a  composite  nature,  the  composition  of  the  dif- 
ferent layers  being  occasionally  changed,  or  alternating:  thus,  mixed 
urates  and  calcium  oxalate  are  not  unfrequently  associated  in  the  same 
stone. 

8wbat.  — The  watery  fluid  poured  out  by  the  skin  contains  from  }  to  2 
per  cent,  of  solid  matter :  the  acidity  of  the  secretion  depends  on  organic 
acids,  chiefly  formic :  acetic  and  butyric  acids  also  exist  in  it  Lactic  acid 
has  been  stated  to  be  absent,  even  in  rheumatism :  a  new  acid  named  audoric 
aeidy  and  somewhat  resembling  uric  acid  in  composition,  is  said  to  be  al- 
ways present  In  disease,  and  in  health,  small  quantities  of  urea  also  exist 
in  sweat  The  salts  in  the  sweat  are  chlorides  of  sodium  and  potassium. 
Phosphoric  acid,  lime,  magnesia,  and  iron  oxide  have  been  found. 

Saliva  is  a  mixture  of  several  fluids  secreted  by  different  glands  of  the 
mouth.  Its  specific  gravity  is  from  1  *002  to  1  -009.  It  is  usually  alkaline :  dur- 
ing and  after  eating,  the  alkaline  reaction  increases,  while  it  decreases  by 
fasting.  It  contains  an  albuminous  substance,  ptyalm,  which  acts  on  starch, 
rapidly  changing  it  into  sugar.  The  secretion  of  the  submaxillary  gland, 
with  the  mucus  of  the  mouth,  chiefly  produces  this  effect  On  the  passage 
of  the  food  into  the  acid  gastric  juice,  this  conversion  of  starch  into  sugar 
ceases.  The  second  remarkable  substance  in  saliva  is  potassium  sulpho- 
cyanate,  which  exists  in  very  small  quantities,  but  is  very  easily  detected. 
The  solid  constituents  of  the  saliva  are  about  1  per  cent,  ami  in  100  parts 
of  solid  constituents  from  7  to  21  parts  are  fixed  salts,  chiefly  chlorides, 
with  calcium  carbonate  and  phosphate. 

Gastric  Juice  is  a  clear,  colorless,  transparent  fluid,  of  sp.  gr.  1*002, 
containing  1  to  2  per  cent,  of  solid  constituents,  chiefly  sodium  chloride  and 
lactate.  It  has  an  acid  reaction,  and  contains  hydrochloric,  lactic,  butyric, 
propionic,  and  acetic  acids.  It  is  slightly,  or  not  at  all,  coagulablc  by 
boiling,  though  it  contains  two  albuminous  substances,  one  insoluble  in  wa- 
ter and  absolute  alcohol,  the  osmazome  of  older  authors ;  the  other  soluble 
in  water,  but  precipitated  by  alcohol,  tannin,  mercuric  chloride,  and  lead- 
salts.  This  is  pepsin.  In  the  gastric  juice  of  man  it  exists  to  the  amount 
of  0-319  per  cent.  When  the  gastric  juice  has  the  greatest  solvent  power, 
100  parts  of  fluid  are  saturated  by  1*25  parts  of  potash.  The  gastric  juice 
dissolves  the  albuminous  substances  taken  as  food,  and  slightly  changes 
their  reactions.  Thus  albumin,  fibrin,  casein,  legumin,  gluten,  and  chon- 
drin  give  rise  to  as  many  different  peptones.     (See  pepsin,  p.  801.) 

Bil». — This  is  a  secretion  of  a  very  different  character  from  the  pre- 
ceding :  the  largest  internal  organ  of  the  body,  the  liver,  is  devoted  to  its 
preparation,  which  takes  place  from  venous,  instead  of  arterial  blood.  Ac- 
cording to  Gorup-Besanez,  human  bile  contains  in  1000  parts  — 

Water 823—908 

Solid  matter     .        .        .        177—  92 


Bile  acids  with  alkali  .         .     108—  56 
Fat  and  cholesterin  .        .  47 —  40 

Mucus  and  coloring  matter      24 —  15 

ABh 11—    6 

In  its  ordinary  state,*  bile  is  a  very  deep-yellow,  or  greenish,  viscid,  trans- 
parent liquid,  which  darkens  by  exposure  to  the  air,  and  undergoes  changes 
which  have  been  yet  imperfectly  studied.  It  has  a  disagreeable  odor,  a 
roost  nauseous,  bitter  taste,  a  distinctly  alkaline  reaction,  and  is  miscible 
with  water  in  all  proportions.  When  evaporated  to  dryness  at  100°,  and 
treated  with  alcohol,  the  greater  part  dissolves,  leaving  behind  an  in- 


812  ANIMAL   FLUIDS. 

soluble  jelly  of  mucus  of  the  gall-bladder.  This  alcoholic  eolation  contains 
coloring  matter  and  cholesterin :  from  the  former  it  may  be  freed  by  di- 
gestion with  animal  charcoal,  and  from  the  latter  by  a  large  admixture  of 
ether,  in  which  the  bile  is  insoluble,  and  separates  as  a  thick,  syrupy,  and 
nearly  colorless  liquid.  The  coloring  matter  may  also  be  precipitated  by 
baryta-water. 

Pure  bile  thus  obtained,  when  evaporated  to  dryness  by  a  gentle  heat, 
forms  a  slightly  yellowish  brittle  mass,  resembling  gum-arabic.  It  is  com- 
pletely soluble  in  water  and  absolute  alcohol.  The  solution  is  not  affected 
by  the  vegetable  acids;  hydrochloric  and  sulphuric  acids,  on  the  contrary, 
give  rise  to  turbidity,  either  immediately  or  after  a  short  interval.  Lead 
acetate  partly  precipitates  it;  tribasic  acetate  precipitates  it  completely: 
the  precipitate  is  readily  soluble  in  acetic  acid,  in  alcohol,  and  to  a  cer- 
tain extent  in  excess  of  lead  acetate.  When  carbonized  by  heat,  and  in- 
cinerated, bile  leaves  between  11  and  12  per  cent,  of  ash,  consisting  chiefly 
of  sodium  carbonate,  with  a  little  common  salt  and  alkaline  phosphate. 
The  beautiful  researches  of  Strecker  show  that  bile  is  essentially  a  mix- 
ture of  the  sodium-salts  of  two  peculiar  acids,  resembling  the  resinous 
and  fatty  acids.  One  of  these  contains  nitrogen,  but  no  sulphur,  and  is 
termed  glycocholic  acid,  being  a  conjugated  compound  *  of  a  non-nitrogenous 
acid,  cholic  acid,  with  the  azotized  substance  glycocine  (p.  614) ;  the  other, 
containing  nitrogen  and  sulphur,  is  called  tawocholic  acid,  being  a  conjugated 
compound  of  the  same  cholic  acid  with  a  body  to  be  presently  described 
under  the  name  of  taurin,  containing  both  nitrogen  and  sulphur.  The  rela- 
tive proportion  in  which  these  acids  occur  in  bile,  remains  pretty  constant 
with  the  same  animal,  but  varies  considerably  with  different  classes  of 
animals. 

Glycocholic  Acid  may  be  thus  obtained: — When  ox-bile  is  perfectly 
dried  and  extracted  with  cold  absolute  alcohol,  and  after  filtration  is  mixed 
with  ether,  it  first  deposits  a  brownish  tough  resinous  mass,  and  after  some 
time,  stellate  crystals,  consisting  of  the  glycocholates  of  sodium  and  potas- 
sium. These  mixed  crystals  were  first  obtained  by  Plattner,  and  they  com- 
pose his  so-called  crystallized  bile. 

Glycocholic  acid  may  be  obtained  by  decomposing  sodium  glycocholate 
with  sulphuric  acid :  it  crystallizes  in  fine  white  needles  of  a  bitterish- 
sweet  taste,  is  soluble  in  water  and  alcohol,  but  only  slightly  in  ether,  and 
has  a  strong  acid  reaction.  It  is  represented  by  the  formula  CafH4?NOr 
When  boiled  with  a  solution  of  potash,  the  acid  divides  into  cholic  acid  and 
glycocine : 

(VI^NOj    +     H,0    =    C^06    +    C,H,NO, 
Glycocholic  Cholic  acid.       Glycocine. 

acid. 
Boiled  with  concentrated  sulphuric  or  hydrochloric  acid,  it  likewise  yields 
glycocine,  but  instead  of  cholic  acid,  another  white  amorphous  acid,  cholo- 
tdic  acid  (CMHM04  =  cholic  acid  minus  1  molecule  of  water),  or,  if  the  ebul- 
lition has  continued  for  some  time,  a  resinous  substance,  from  its  insolu- 
bility in  water  called  dyslysin  (CMHMOt  =  cholic  acid  minus  2  molecules 
of  water). 

Taurocholtc  Acid  is  thus  procured :  — Ox-bile  is  freed  as  far  as  possible 
from  glycocholic  acid  by  means  of  neutral  lead  acetate,  and  is  then  pre- 
cipitated by  basic  lead  acetate,  to  which  a  little  ammonia  is  added.  The 
precipitate  is  decomposed  by  sodium  carbonate,  whereby  tolerably  pure 
sodium  taurocholate  is  obtained.  By  decomposing  the  taurocholate  of 
lead  with  sulphuretted  hydrogen,  taurocholic  acid  is  liberated.     This  aub- 

•  A  compound  fe  sometimes  said  to  be  "conjngnted"  of  two  others,  when  it  contains  the 
elvnento  of  those  two  bodies,  minus  the  drmtntft  of  water. 
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Stance,  however,  which  was  previously  called  cholic  acid  and  6tZtn,  has 
never  been  obtained  in  the  pure  state ;  its  formula,  as  inferred  from  the 
study  of  its  products  of  decomposition,  appears  to  be  C^H^NSOf.  When 
boiled  with  alkalies,  it  divides  into  cholic  acid  and  taurin  : 

C^H^NSO,    +    H,0    =    C^H^O,    +    C?HfNSOf 
Taurocholic  acid.  Cholic  acid.         Glycocine. 

With  boiling  acids  it  likewise  gives  taurin,  but  instead  of  oholic  acid 
either  choloidio  acid  or  dyslysin,  according  to  the  duration  of  the  ebullition. 

Taurin,  CaHTNSO,f  crystallizes  in  colorless  regular  hexagonal  prisms, 
which  have  no  odor  and  very  little  taste.  It  is  neutral  to  test-paper,  and 
permanent  in  the  air.  When  burnt,  it  gives  rise  to  much  sulphurous  acid. 
It  contains  upwards  of  25  per  cent,  of  sulphur.  It  is  easily  prepared  by 
boiling  purified  bile  for  Borne  hours  with  hydrochloric  acid.  After  filtra- 
tion and  evaporation,  the  acid  residue  is  treated  with  five  or  six  times  its 
bulk  of  boiling  alcohol,  from  which  the  taurin  separates  on  cooling.  Strecker 
made  many  attempts  to  prepare  taurin  artificially.  Ultimately  he  found 
that  when  ammonium  i  set  hi  on  ate  (p.  527),  which  melts  at  180°,  is  heated 
to  210°  or  220°  C.  (410°-428°  F.),  it  loses  1  molecule  of  water,  and  becomes 
taurin.  The  substance  is  dissolved  in  water,  and  on  the  addition  of  alco- 
hol, gives  crystals  having  all  the  properties  of  taurin.  Kolbe  has  recently 
observed  the  formation  of  taurin  under  very  interesting  circumstances. 
The  treatment  of  potassium  isethionate  with  phosphorus  pentachloride 
gives  rise  to  a  heavy  oily  liquid,  with  simultaneous  formation  of  hydro- 
chloric acid  and  phosphorus  oxychloride.  This  oily  liquid,  the  so-called 
chloride  of  chlorethylsulphuric  acid,  CJLC1S02C1,  when  mixed  with  water, 
yields  the  corresponding  acid,  chlorethylsulphuric  acid,  CSH6C1S08,  which 
on  digestion  with  an  excess  of  ammonia  at  100°,  produces  taurin :  C,H4 
C1SO,  -|-  2NHf  =  NH4C1  +  C,HTNSO,. 

Cholic  Acid,  CmH4?Ob,  crystallizes  in  tetrahedrons.  It  is  soluble  in  sul- 
phuric acid,  and  on  the  addition  of  a  drop  of  this  acid  and  a  solution  of 
sugar  (1  part  of  sugar  to  4  parts  of  water),  a  purple- violet  color  is  pro- 
duced, which  constitutes  Pettenkofer's  test  for  bile.  At  195°  C.  (388°  F.)f 
it  loses  a  molecule  of  water,  and  is  converted  into  choloidio  acid,  which 
change,  as  already  pointed  out,  is  also  produced  by  ebullition  with  acids. 

Cholic  acid  is  best  obtained  by  boiling  the  resinous  mass  precipitated  by 
ether  from  the  alcoholic  solution  of  the  bile,  with  a  dilute  solution  of  potash 
for  24  or  86  hours,  till  the  amorphous  potassium -salt  that  has  separated 
begins  to  crystallize.  When  the  dark-colored  soft  mass  is  removed  from 
the  alkaline  liquid,  dissolved  in  water,  and  hydrochlorio  acid  added,  a  little 
ether  causes  the  deposition  of  the  cholic  acid  in  crystals. 

The  principal  coloring  matter  of  the  bile  has  been  called  choUpyrrhin. 
When  dry  it  is  reddish-brown  and  uncrystallizable,  insoluble  in  water, 
more  soluble  in  alcohol,  which  beoomes  yellow,  and  most  soluble  in  caustic 
alkali.  On  the  addition  of  nitric  acid  to  the  yellow  alkaline  solution,  a 
change  ensues.  It  passes  through  green,  blue,  violet,  and  red :  after  some 
time,  it  again  turns  yellow,  probably  in  consequence  of  a  gradual  process 
of  oxidation. 

Another  coloring  matter  has  been  called  bilwerdin.  It  is  dark-green, 
amorphous  without  taste  or  smell,  insoluble  in  water,  slightly  soluble  in 
alcohol,  but  soluble  in  ether.  Berzelius  considers  it  to  be  identical  with 
chlorophyl,  the  green  coloring  matter  of  leaves. 

According  to  the  researches  of  Strecker  and  Oundelach,  pigs'  bile  differs 
from  the  bile  of  other  animals.  This  bile  contains  an  acid,  to  which  the 
name  of  glyeo-kyocholic  acid  has  been  given.  It  may  be  prepared  in  the 
following  manner:  fresh  pigs'  bile  is  mixed  with  a  solution  of  sodium  sul- 
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phate,  And  the  precipitate  obtained  is  dissolved  in  absolute  alcohol,  and 
decolorised  by  animal  charcoal.  From  this  solution  ether  throws  down  a 
sodium-salt,  which  on  addition  of  sulphuric  acid  yields  glyco-hyocholic 
acid  as  a  resinous  mass,  which  is  dissolved  in  alcohol  and  re-precipitated 
by  water. 

Glyco-hyocholic  acid  contains  CnH4NOB.  When  heated  with  solutions 
of  the  alkalies,  it  undergoes  a  decomposition  perfectly  analogous  to  thai 
of  glycocholic  acid,  splitting  up  into  glycocine  and  a  crystalline  acid,  very 
soluble  in  alcohol,  less  so  in  ether,  which  has  been  termed  hyocholic  add. 
This  substance  contains  CttH^04;  and  the  change  is  represented  by  the 
following  equation : 

CJJH41NOf      +      HfO      =      C^H-O.      +      C^NO, 
Glyco-hyocholic  Hyocholic  Glycocine. 

acid.  acid. 

When  boiled  with  acids,  glyco-hyocholic  acid  yields  likewise  glycocine, 
but  instead  of  hyocholic  acid,  a  substance  representing  the  dyslysin  of  the 
ordinary  bile,  which  might  be  termed  hyodyslysin.  The  composition  of 
hyodyslysin  is  CAHn08  =  hyocholic  acid  minus  H,0. 

Pigs'  bile  contains  a  very  trifling  quantity  of  sulphur,  probably  in  the 
form  of  a  sulphuretted  acid  corresponding  to  taurocholic  acid  of  ox-bile. 
Strecker  believes  this  acid  to  contain  CnH45NS08 :  it  might  be  called  tettro- 
hyocholk  add;  when  boiled  with  an  alkali,  it  should  yield  taurin  and  hyo- 
cholic acid.  The  sulphuretted  acid  must  be  present  in  pigs'  bile  in  very 
minute  quantity ;  it  is  even  less  known  than  taurocholic  acid. 

The  once  celebrated  oriental  bazoar  stone*  are  biliary  calculi,  said  to  be 
procured  from  a  species  of  antelope :  they  have  a  brown  tint,  a  concentric 
structure,  and  a  waxy  appearance,  and  consist  essentially  of  a  peculiar 
and  definite  crystallixable  principle  called  lithofellie  add  To  procure  this 
substance,  the  calculi  are  reduced  to  powder  and  exhausted  with  boiling 
alcohol ;  the  dark  solution  is  decoloriied  by  animal  charcoal,  and  left  to 
evaporate  by  gentle  heat,  whereupon  the  lithofellie  acid  is  deposited  in 
small,  colorless,  transparent  six-sided  prisms.  It  is  insoluble  in  water, 
and  sparingly  soluble  in  ether,  but  dissolves  with  ease  in  alcohol :  it  melts 
at  94-6°  C.  (202°  F.),  and  at  a  higher  temperature  burns  with  a  smoky 
flame,  leaving  but  little  charcoal.  Lithofellie  acid  dissolves  without  decom- 
position in  concentrated  acetic  acid  and  in  oil  of  vitriol :  it  forms  a  soluble 
salt  with  potash,  and  dissolves  also  in  ammonia,  but  crystallizes  out  un- 
changed on  evaporation.  By  analysis,  lithofellie  acid  is  found  to  consist 
of  CwH^04. 

The  liver  not  only  forms  bile  which  is  excreted,  but  it  also  effects  a  re- 
markable change  in  the  blood  that  passes  through  it  M.  Bernard  dis- 
covered that  after  death,  sugar  could  be  detected  in  the  blood  from  the 
hepatic  vein,  whilst  no  sugar  was  found  in  blood  from  the  portal  vein.  In 
the  progress  of  his  researches  into  the  origin  of  this  sugar,  he  found  that 
a  glycogenic  substance  was  formed  in  the  substance  of  the  liver  itself,  and 
this  he  succeeded  in  extracting  and  isolating  (p.  594). 

Pamcbbatio  Fluid  is  strongly  alkaline,  and  has  a  specific  gravity  of 
about  1*006  to  1*009,  containing  from  9  to  11  per  cent  of  solid  constitu- 
ents; among  these  are  an  albuminous  substance  resembling  ptyalin,  to- 
gether with  leucine,  guanine,  xanthine,  and  inosite,  and  about  1  per  cent,  of 
ash,  chiefly  chlorides  and  phosphates. 

It  has  three  distinct  actions — first  on  starch,  secondly  on  fat,  and  thirdly 
on  albuminous  matter.  Starch  is  converted  into  sugar  more  energetically 
by  the  pancreatio  fluid  than  by^s^aajto*.  Fat  is  changed  into  fatty  acid 
and  glycerin  at  a  tomjiecflMsftMsHMsV^fttifod  albumin  and  fibrin  are 
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quickly  dissolved  at  the  same  temperature,  whilst  the  alkalescence  dis- 
tinctly remains. 

Intestinal  Juice  is  a  colorless,  alkaline  fluid,  containing  from  8  to  4 
per  cent,  of  solid  constituents.  It  is  thought  to  be  capable  of  dissolving 
fibrinous  substances  only. 

Chtue. — The  fluid  of  the  lacteal  vessels.  This  is  a  very  variable  fluid, 
milky,  and  feebly  alkaline.  Its  fibrin  begins  to  coagulate  when  taken  from 
the  vessels,  in  five  to  twelve  minutes,  and  is  perfectly  coagulated  in  two  to 
four  hours.  The  coagulum  is  much  smaller  and  weaker  than  that  of  the 
blood.  That  of  the  horse,  from  a  yellowish  oolor  ohanges  in  the  air  to 
light  red. 

The  albuminous  saline  serum  contains  very  finely  divided  molecules,  con- 
sisting of  the  minutest  particles  of  fatty  matter,  which  give  rise  to  the 
milkiness;  also  larger  chyle  globules,  and  colorless  blood  globules.  Thus 
the  chyle  approximates  in  composition  and  properties  to  the  blood. 

In  the  chyle  of  the  horse  there  was  found : 

Water 9100  to    96-00  per  cent. 

Fixed  constituents  .        .        .  9  00  4  00  " 

Nuclei  and  cells          .        .        .  Variable. 

Fibrin 019  0-7  " 

•    Albumin 198  4-34  " 

Fat 1-89  0-68  » 

Extractive  matter  free  from  salts  7-27  8  84  " 

Soluble  salts       .        .        .        .7-49  6-78  " 

Insoluble         .        .        .    about  2-00 

Lymph  is  the  name  given  to  the  fluid  in  the  lymphatic  vessels.  It  is 
eolorless,  has  an  alkaline  reaotion,  and  coagulates  in  from  four  to  twenty 
minutes.  It  closely  resembles  the  blood  without  the  blood  globules.  It 
contains  colorless  globules,  resembling  the  white  globules  of  the  blood. 
It  contains  much  less  albumin  and  fat  than  the  serum  of  the  blood,  but 
more  water,  and  proportionately  more  extractive  matter. 

Closely  resembling  this  fluid  is  that  poured  out  by  serous  membranes  and 
the  cellular  tissue.  It  has  been  called  exsudation  fluid,  and  may  be  divided 
into  fibrinous  and  non-fibrinous.  It  may  be  considered  as  the  serum  of  the 
blood  with  or  without  fibrin,  which  is  far  more  commonly  present  than  has 
been  supposed. 

Mucus  and  Pus. — The  slimy  matter  effused  upon  the  surface  of  various 
mucous  membranes,  as  the  lining  of  the  alimentary  canal,  that  of  the  blad- 
der, of  the  nose,  lungs,  &c,  to  which  the  general  name  mucus  is  given,  is 
so  small  in  quantity,  and  so  variable  in  consequence  of  any  irritation  of 
the  membranes,  that  it  is  difficult  to  characterize.  It  always  contains  more 
or  less  epithelium  and  mucous  cells.  It  contains  a  peculiar  nitrogenous 
principle  to  which  the  name  of  mucin  has  been  given  (p.  800). 

Pus,  the  natural  secretion  of  a  wounded  or  otherwise  injured  surface,  is 
commonly  a  creamy,  white,  or  yellowish  liquid,  which,  under  the  micro- 
scope,, appears  to  consist  of  multitudes  of  minute  globules  floating  in  a 
serum.     It  is  neither  acid  nor  alkaline. 

The  pus  globules  are  distended  by  very  dilute  mineral  and  organic  acids: 
imperfectly  dissolved  by  alkalies,  leaving  the  membrane  of  the  cells  ad- 
hering in  a  gelatinous  mass.  This  cell  membrane  is  an  albuminous  sub- 
stance, soluble  in  very  dilute  acids.  The  pus  serum  contains  more  or  less 
albumin,  in  all  respects  identical  with  that  of  the  blood  and  a  peculiar  sub- 
(/^tn(p.800). 
quantity  of  fatty  substance  is  remarkable  in  pus,  varying  from  2  to 
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6  per  cent  As  much  a*  1  per  cent,  of  eholesterin  has  been  found  to  be 
present;  but  neither  by  this  nor  by  any  other  character  can  the  passage  of 
mucus  into  pus  be  determined. 

Milk.— The  peculiar  special  secretion  destined  for  the  nourishment  of 
the  young  is,  so  far  as  is  known,  Tory  much  the  same  in  flesh-eating  ani- 
mals and  in  those  which  live  exclusively  on  vegetable  food.  The  propor- 
tions of  the  constituents  may,  however,  sometimes  differ  to  a  considerable 
extent.  The  specific  gravity  varies  from  1  018  to  1046.  It  will  be  seen 
hereafter  that  the  substances  present  in  milk  are  wonderfully  adapted  to 
the  office  of  providing  materials  for  the  rapid  growth  and  development  of 
the  animal  frame.  It  contains  an  azotized  matter,  casein  or  potassium  al- 
buminate, fatty  principles,  and  a  peculiar  sugar,  and  lastly,  various  salts, 
among  which  may  be  mentioned  calcium  phosphate,  held  in  complete  solu- 
tion in  a  slightly  alkaline  liquid.  This  last  is  especially  important  to  a 
process  then  in  activity,  the  formation  of  bone. 

The  white,  and  almost  opaque,  appearance  of  milk  is  an  optical  illusion : 
examined  by  a  microscope  of  even  moderate  power,  it  is  seen  to  consist  of 
a  perfectly  transparent  fluid,  in  which  float  about  numbers  of  transparent 
globules :  these  consist  of  fat,  surrounded  by  an  albuminous  envelope,  which 
can  be  broken  mechanically,  as  in  the  churning,  or  dissolved  by  the  chemi- 
cal action  of  caustic  potash,  after  which,  on  agitating  the  milk  with  ether, 
the  fat  can  be  dissolved.  • 

When  milk  is  suffered  to  remain  at  rest  some  hours  at  the  ordinary  tem- 
perature of  the  air,  a  large  proportion  of  the  fat-globules  collect  at  the 
surface  into  a  layer  of  cream;  if  this  be  now  removed  and  exposed  for  some 
time  to  strong  agitation,  the  fat-globules  coalesce  into  a  mass,  and  the  re- 
maining watery  liquid  is  expelled  from  between  them  and  separated.  The 
butter  so  produced  must  be  thoroughly  washed  with  cold  water,  to  remove, 
as  far  as  possible,  the  last  traces  of  casein,  which  readily  putrefies,  and 
would  in  that  case  spoil  the  whole.     A  little  salt  is  usually  added. 

Ordinary  butter  still,  however,  contains  some  butter-milk,  and  when  in- 
tended for  keeping  should  be  clarified,  as  it  is  termed,  by  fusion.  The 
watery  part  then  subsides,  and  carries  with  it  the  residue  of  the  azotised 
matter.  The  flavor  is  unfortunately  somewhat  impaired  by  this  process. 
The  consistence  of  butter,  in  other  words,  the  proportions  of  solid  fat  and 
oletn,  is  dependent  upon  the  season,  or  more  probably  upon  the  kind  of 
food ;  in  summer  the  oily  portion  is  always  more  considerable  than  in  win- 
ter. The  volatile  odoriferous  principle  of  butter,  butyrm,  has  been  already 
referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countries  an  im- 
portant article  of  food.  The  milk  is  usually  heated  to  about  49°  C.  (120°  F.), 
and  coagulated  by  rennet,  or  an  infusion  of  the  stomach  of  the  calf  in 
water:  the  curd  is  carefully  separated  by  a  sieve  from  the  whey,  mixed 
with  a  due  proportion  of  salt,  and  sometimes  some  coloring  matter,  and 
then  subjected  to  strong  and  increasing  pressure.  The  fresh  cheese  so 
prepared,  being  constantly  kept  cool  and  dry,  undergoes  a  particular  kind 
of  putrefactive  fermentation,  very  little  understood,  by  which  principles 
are  generated  which  communicate  a  particular  taste  and  odor.  The  good- 
ii ess  of  cheese,  as  well  as  much  of  the  difference  of  flavor  perceptible  in 
different  samples,  depends  in  great  measure  upon  the  manipulation :  the 
best  kinds  contain  a  considerable  quantity  of  fat^  and  are  made  with  new 
milk  •  the  inferior  descriptions  are  made  with  skimmed  milk. 

Some  of  the  Tartar  tribes  prepare  a  kind  of  spirit  from  milk  by  suffering 
it  to  ferment,  with  frequent  agitation.  The  casein  converts  a  part  of  the 
milk-suear  into  Uctic  acid,  and  another  part  into  grape-sugar,  which  in 
turn  becomes  converted  into  alcohoL  Mare's  milk  is  said  to  answer  better 
for  this  purpose  than  that  of  tbe  ©ow. 


MILK.  817 

In  a  fresh  state,  and  taken  from  a  healthy  animal,  milk  is  always  feebly 
alkaline.  When  left  to  itself,  it  very  soon  becomes  acid,  and  is  then  found 
to  contain  lactic  acid,  which  cannot  be  discovered  in  the  fresh  milk.  The 
alkalinity  is  due  to  the  soda  which  holds  the  casein  in  solution.  In  this 
soluble  form  oasein  possesses  the  power  of  taking  up  and  retaining  a  very 
considerable  quantity  of  calcium  phosphate.  The  density  of  milk  varies 
exceedingly:  its  quality  usually  bears  an  inverse  ratio  to  its  quantity. 
From  an  analysis  of  cow-milk  in  the  fresh  state  by  Haidlen,*  the  following 
statement  of  its  composition  in  1000  parts  has  been  deduced : 

Water 873  00 

Butter 8000 

Casein 48-20 

Milk-sugar 48-90 

Calcium  phosphate         .  2-81 

Magnesium     "           .        .         .  0-42 

Iron                 " 007 

Potassium  chloride     ....  1-44 

Sodium            " 0-24 

Soda  in  combination  with  oasein  0*42 


100000 


Human  milk  is  remarkable  for  the  difficulty  with  which  it  coagulates :  it 
generally  contains  a  larger  proportion  of  sugar  than  cow-milk,  but  scarcely 
differs  in  other  respects. 

•  Annalen  der  Chemie  nod  Pharmacie,  xlr.  263. 
60 
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Nbbvous  Substahcb. — The  brain  and  nerves  contain  protagon  (p.  803), 
cholesterin,  and  albaminous  matter.  In  the  watery  extract  are  found  ere- 
atin,  uric  acid,  xanthine,  saroine,  inoeite,  lactic  acid ;  in  the  ash,  sulphuric 
and  phosphoric  salts,  especially  potassium  salts,  a  little  sodium  chloride, 
calcium  and  magnesium.  The  substance  yields  from  75  to  80  per  cent  of 
water,  and  8  to  4  of  ash. 

Comtbaottli  Substancb.  — This,  like  nerre  substance,  consists  of  many 
different  compounds.  It  contains  74  to  80  per  oent  water,  and  26  to  20 
•olid  constituents.  The  most  remarkable  of  these  is  syntonin,  Liebig's 
fibrin  of  flesh  (see  p.  705).  Casein,  albumin,  creatin,  hypoxanthine,  uric 
acid,  and  fat  are  also  present.  The  solid  constituents  contain  4  to  5  per 
cent  of  ash.  Potash,  soda,  lime,  magnesia,  sulphuric,  phosphoric,  and 
hydrochloric  acids  are  present 

Elastic  Tissvb  ;  Ssnr. — The  tendons  and  skin  consist  also  of  many  dif- 
ferent substances.  Of  these  elastin  (see  p.  802)  is  one  of  the  most  remark- 
able. A  cellular  tissue,  which  yields  gelatin  when  long  boiled,  is  another 
•  constituent  These  two  principles  combine  with  tannic  acid,  forming 
leather. 

The  principle  of  tanning,  of  such  great  practical  value,  is  easily  ex- 
plained. When  the  skin  of  an  animal,  carefully  deprived  of  hair,  fat,  and 
other  impurities,  is  immersed  in  a  dilute  solution  of  tannic  acid,  the  cellu- 
lar and  elastic  tissues  gradually  combine  with  that  substance  as  it  pene- 
trates inwards,  forming  a  perfectly  insoluble  compound,  which  resists  pu- 
trefaction completely :  this  is  leather.  In  practice,  lime-water  is  used  for 
cleansing  and  preparing  the  skin,  and  an  infusion  of  oak-bark,  or  some- 
times catechu,  or  other  astringent  matter,  as  the  source  of  tannic  acid. 
The  process  itself  is  necessarily  a  slow  one,  as  dilute  solutions  only  can  be 
safely  used.  Of  late  years,  however,  various  contrivances,  some  of  which 
show  great  ingenuity,  have  been  adopted,  with  more  or  less  success,  for 
quickening  the  operation.  All  leather  is  not  tanned:  glove  leather  is 
dressed  with  alum  and  common  salt,  and  afterwards  treated  with  a  prepa- 
ration of  the  yolks  of  eggs,  which  contain  an  albuminous  matter  and  a 
yellow  oil.  Leather  of  this  kind  still  yields  a  sise  by  the  action  of  boiling 
water. 

Bohbs.— At  the  age  of  21  yean  the  weight  of  the  skeleton  is  to  that 
of  the  whole  body  as  10-5  to  100  in  man,  and  as  8-5  to  10ff  in  woman,  the 
weight  of  the  body  being  about  125  or  180  lbs.  Bones  are  constructed  of 
organic  matter  called  ostein,  which  yields  gelatin  on  boiling,  and  is  made 
stiff  by  insoluble  earthy  salts,  of  which  calcium  phosphate,  f  P04),Ca",,  is 
the  most  abundant  The  proportions  of  earthy  and  animal  matter  vary 
very  much  with  the  kind  of  boata  and  with  the  age  of  the  individual,  as 
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will  be  seen  in  the  following  table,  in  which  the  corresponding  bones  of  an 
Adult  and  of  a  still-born  child  are  compared : 

Adult.  Child. 


Inorganic       Organic 


Femur     .      .  62-49  87-51  67  51  42-49 

Humerus    .      .  68.02  86-98  6808  41-92 

Radius     .       .  60-51  89-49  66  50  48-60 

Ostemporum    .  68-50  86  50  55-90  4410 

Costa.      .      .  57  49  42-51  58-75  46-25 

The  bones  of  the  adult  are  constantly  richer  in  earthy  salts  than  those  of 
the  infant. 

The  following  complete  comparative  analysis  of  human  and  ox  bones  is 
due  to  Berselius: 

Animal  matter  soluble  by  boiling   . 

Vascular  substance    . 

Calcium  phosphate,  with  a  little  1 

calcium  fluoride       •        .     /  ' 
Caloium  carbonate 
Magnesium  phosphate    . 
Soda,  and  a  little  common  salt    . 

100-00         100-00 

The  teeth  have  a  very  similar  composition,  but  contain  less  organic  mat- 
ter :  their  texture  is  much  more  solid  and  compact.  The  enamel  does  not 
contain  more  than  2  or  8  per  cent,  of  animal  matter,  whilst  81  to  88  per 
cent,  of  calcium  phosphate  with  7  or  8  per  cent,  of  carbonate  are  present ; 
and  more  calcium  fluoride  than  in  the  bones. 


Human  bones. 

OX  DOM 

.      8217  \ 
118/ 

88-80 

.      58-04 

67-85 

11-80 
116 
1-20 

885 
2-05 
8-45 

ON  CHEMICAL  FUNCTIONS  IN  ANIMALS. 


BE8PIEATION,  DIGESTION,  NUTRITION. 


Rsspibatioh  .  —  The  simplest  view  that  can  be  taken  of  a  respiratory 
organ  in  an  air-breathing  animal,  is  that  of  a  little  membranous  bag,  satu- 
rated with  moisture,  and  containing  air,  over  the  surface  of  which  mean- 
der minute  blood-vessels,  whose  contents,  during  the  passage,  are  thus 
subjected  to  the  chemical  action  of  the  air,  through  the  substance  of  the 
membranes,  and  in  virtue  of  the  solubility  of  the  gaseous  matter  itself  in 
the  water  with  which  the  membranes  are  imbued.  In  some  of  the  lower 
classes  of  animals,  where  respiration  is  sluggish  and  inactive,  these  air- 
cells  are  few  and  larger ;  but  in  the  higher  kinds  they  are  minute,  and 
greatly  multiplied  in  number,  in  order  to  gain  extent  of  surface,  each  com- 
municating with  the  external  air  by  the  windpipe  and  its  ramifications. 

Respiration  is  performed  by  the  agency  of  the  muscles  which  lie  between 
and  about  the  ribs,  and  by  the  diaphragm.  In  an  ordinary  respiration, 
from  22  to  48  cubic  inches  of  air  are  thrown  out.  It  has  been  said  that  as 
little  as  8  and  as  much  as  100  cubic  inches  have  been  expired.  By  a  forced 
effort,  ordinarily  from  60  to  60  cubic  inches  are  expelled,  and  after  a  full 
inspiration  possibly  from  100  to  800  cubic  inches  may  be  expired.  Even 
then  the  lungs  are  not  emptied  of  air.  The  residual  quantity  may  be  esti- 
mated at  from  40  to  260  cubic  inches.  After  an  ordinary  expiration  a  fur- 
ther quantity  of  air,  amounting  to  from  77  to  170  cubic  inches,  may  be 
expired,  and  after  an  ordinary  inspiration,  by  the  deepest  sigh,  from  119 
to  200  more  cubic  inches  may  be  drawn  into  the  lungs.  Usually  about  15 
respirations  are  made  in  a  minute :  the  number,  however,  even  in  health, 
varies  from  9  to  20. 

The  expired  air  is  found  to  have  undergone  a  remarkable  change :  it  is 
loaded  with  aqueous  vapor,  while  a  ywy  large  proportion  of  oxygen  has 
disappeared,  and  its  place  been  supplied  by  carbon  dioxide,  air  once 
breathed  containing  enough  of  that  gas  to  extinguish  a  taper.  The  quan- 
tity of  this  gas  is  very  liable  to  variation;  usually  from  8*8  to  6*2  per 
cent,  of  oarbon  dioxide  is  found  to  be  present ;  when  the  respirations  are 
few,  the  carbon  dioxide  is  greatest,  when  many,  least:  thus  with  6  respi- 
rations per  minute,  6  6  per  cent,  has  been  found :  with  48  respirations, 
2*9  per  cent.  A  full  meal,  cold  weather,  and  increased  barometric  pres- 
sure, increase  the  carbon  dioxide.  Heat,  alcohol,  tea,  and  diminished  pres- 
sure, lessen  the  carbon  dioxide ;  age  and  sex  produce  definite  effects.  It 
appears  most  probable  that  nitrogen  in  small  quantities  is  exhaled. 

Whatever  may  be  the  difficulties  attending  the  investigation  of  these  sub- 
jects,— and  difficulties  there  are,  as  the  discrepant  results  of  the  experi- 
ments prove,  —  one  thing  is  clear:  namely,  that  quantities  of  hydrogen 
and  carbon  are  daily  oxidiied  in  the  body  by  the  free  oxygen  of  the  atmos- 
phere, and  their  products  expelled  from  the  system  in  the  shape  of  water 
and  carbon  dioxide.  Now,  if  it  be  true  that  the  heat  developed  in  the  act 
of  combination  is  a  constant  quantity,  and  no  proposition  appears  more 
reasonable,  part  or  all  of  the  high  temperature  of  the  body  must  be  the 
result  of  this  exertion  of  chemical  force. 
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The  oxidation  of  combustible  matter  in  the  blood  is  effected  in  the  capil- 
laries of  the  whole  body,  not  in  the  lungs,  the  temperature  of  which  scarcely 
exceeds  that  of  the  other  parts.  The  oxygen  of  the  air  is  taken  up  in  the 
lungs,  and  carried  by  the  blood  to  the  distant  capillary  Teasels ;  by  the  aid 
of  which,  secretions,  and  all  the  mysterious  functions  of  animal  life,  are 
undoubtedly  performed:  here  the  combustion  takes  place,  although  how  this 
happens,  and  what  the  exact  nature  of  the  combustible  may  be,  beyond  the 
simple  fact  of  its  containing  carbon  and  hydrogen,  yet  remains  a  matter 
of  conjecture.  The  carbon  dioxide  produced  is  held  in  solution  by  the  now 
venous  blood,  and  probably  confers,  in  great  measure,  upon  the  latter  its 
dark  color  and  deleterious  action  upon  the  nervous  system.  Once  more 
poured  into  the  heart,  and  by  that  organ  driven  into  the  second  set  of  capil- 
laries bathed  with  atmospheric  air,  this  carbon  dioxide  is  conveyed  out- 
wards, through  the  wet  membrane,  by  a  kind  of  false  diffusion,  constantly 
observed  under  such  circumstances  ;  while  at  the  same  time  oxygen  is,  by 
similar  means,  carried  inwards,  and  the  blood  resumes  its  bright-red  color, 
and  its  capability  of  supporting  life  Much  of  this  oxygen  is,  no  doubt, 
simply  dissolved  in  the  serum.  The  haemoglobin  of  the  corpuscles,  becom- 
ing oxyhemoglobin  in  the  arteries,  acts  as  a  carrier  of  another  portion 
(p.  798).  Mulder  considers  the  fibrin  to  act  in  the  same  manner,  being 
true  fibrin  in  the  veins,  and,  in  part  at  least,  oxidiied  in  the  arteries. 

It  would  be  very  desirable  to  show,  if  possible,  that  the  quantity  of  com- 
bustible matter  daily  burned  in  the  body  is  adequate  to  the  production  of 
the  heating  effects  observed.  Something  has  been  done  with  respect  to 
the  carbon.  Comparison  of  the  quantities  and  composition  of  the  food  con- 
sumed by  an  individual  in  a  given  time,  and  of  the  excretions,  shows  an 
excess  of  carbon  in  the  former  over  the  latter,  amounting,  in  some  cases, 
according  to  Liebig's  high  estimate,*  to  14  ounces :  the  whole  of  which  is 
thrown  off  in  the  state  of  carbon  dioxide,  from  the  lungs  and  skin,  in  the 
space  of  twenty-four  hours.  This  statement  applies  to  the  case  of  healthy, 
vigorous  men,  much  employed  in  the  open  air,  and  supplied  with  abundance 
of  nutritious  food.  Females,  and  persons  of  weaker  habits,  who  follow  in- 
door pursuits  in  warm  rooms,  consume  a  much  smaller  quantity :  their  res- 
piration is  less  energetic,  and  the  heat  generated  less  in  amount.  Those 
who  inhabit  very  cold  countries  are  well  known  to  consume  enormous  quan- 
tities of  food  of  a  fatty  nature,  the  carbon  and  hydrogen  of  which  are, 
without  doubt,  chiefly  employed  in  the  production  of  animal  heat.  These 
people  live  by  hunting:  the  muscular  exertion  required  quickens  and 
deepens  the  breathing;  while,  from  the  increased  density  of  the  air,  a 
greater  weight  of  oxygen  is  taken  into  the  lungs,  and  absorbed  into  the 
blood  at  each  inspiration.  In  this  manner  the  temperature  of  the  body  is 
kept  up,  notwithstanding  the  piercing  external  cold :  a  most  marvellous 
adjustment  of  the  nature  of  the  food,  and  even  of  the  inclinations  and  ap- 
petite of  the  man,  to  the  circumstances  of  his  existence,  enable  him  to  bear 
with  impunity  an  atmospheric  temperature  which  would  otherwise  injure 
him. 

The  carbon  consumed  in  respiration  in  one  day,  by  a  horse  moderately 
fed,  amounted,  in  a  valuable  experiment  of  M.  Boussingault,f  to  79  ounces ; 
that  consumed  by  a  cow  to  71  ounces.  The  determination  was  made  in  the 
manner  just  mentioned,  vis.,  by  comparing  the  quantity  and  composition 
of  the  food. 

New  and  very  important  experiments  on  respiration  have  been  made  in 
Munich  by  Drs.  Pettenkofer  and  Voit. 

The  apparatus  was  large  enough  to  allow  a  man  to  breathe  and  move  as 
in  an  ordinary  dwelling-room  for  twenty-four  hours  at  least.     The  air 

*  Animal  Chemistry,  p.  14. 
f  Annalea  de  Chimie,  vol.  Izxi.  pp.  186  and  137. 
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could  be  changed  to  the  extent  of  from  fifteen  to  seventy-fire  cubic  meters 
an  hour:  the  chemical  difference  between  the  air  that  .went  in  and  that 
which  came  out  was  determined. 

The  King  of  Bavaria  gave  about  $8000  for  the  construction  of  the  appa- 
ratus, and  it  acted  so  well  that  the  quantity  of  carbon  and  of  hydrogen  in 
a  stearin  candle  burnt  in  the  apparatus  could  be  determined  as  accurately 
by  the  quantity  of  carbon  dioxide  and  water  produced  as  by  an  organic 
analysis. 

A  dog  and  a  man  were  experimented  on.  In  the  dog  the  amount  of  car- 
bon dioxide  expired  was  least  after  ten  days  of  hnnger;  when  a  full  diet 
of  flesh  and  fat  was  taken,  three  times  as  much  carbon  dioxide  was  pro- 
duced. The  urea  was  increased  twenty-two  times  as  much  as  during  star- 
vation. 

In  man  not  quite  one-third  more  carbon  dioxide  was  produced  when  full 
diet  was  taken  than  was  found  during  starvation. 

From  the  amount  of  carbon  dioxide  and  urea  formed  when  animal  food 
alone  was  taken,  it  appears  that  some  fatty  matter  must  be  produced  and 
retained  in  the  system. 

Starch  and  sugar  diet  do  not  appear  to  cause  a  deposit  of  fat  directly, 
though  they  may  do  so  indirectly. 

Careful  determination  of  the  amount  and  composition  of  the  food  and 
oxygen  oonsumed  led  to  the  belief  that  hydrogen  and  light  carburetted 
hydrogen  (CH4)  were  given  off  in  respiration.  This  is  fully  confirmed  by 
these  experiments.  It  follows  from  this  important  fact,  first,  that  the  car- 
bon dioxide  produced  cannot  be  looked  on  as  the  measure  of  the  amount 
of  oxygen  taken  from  the  air,  and  secondly,  that  hydrogen  cannot  be  as- 
sumed to  be  oxidiied  in  the  body  in  preference  to  carbon. 

In  a  paper  read  to  the  Academy  of  Sciences  at  Munich,  November,  1866, 
the  authors  give  their  latest  results.  They  find  that  the  proportion  of  car- 
bon dioxide  exhaled  to  oxygen  inhaled  is  much  greater  in  the  day  than  in 
the  night ;  with  perfect  rest  day  and  night,  nearly  twice  as  much ;  with 
active  motion  during  the  day,  nearly  three  times  as  much.  The  amount 
of  oxygen  taken  in  during  rest  by  day  is  only  half  as  much  as  is  taken 
in  at  night,  and  after  active  motion  the  amount  of  oxygen  taken  in  at 
night  is  still  more.  In  diabetes  the  proportion  of  carbon  dioxide  exhaled 
by  day  to  the  oxygen  inhaled  is  less  than  in  health ;  at  night  the  amount 
of  oxygen  inhaled  may  be  less  than  half  the  amount  that  would  be  inhaled 
in  health.  When  one-third  of  the  blood  consisted  of  white  globules,  the 
proportion  of  carbon  dioxide  exhaled  to  oxygen  inhaled  by  day  was  much 
less  than  in  health,  and  the  amount  of  oxygen  taken  in  at  night  was  even 
less  than  is  taken  in  during  the  day. 

Diosstion  and  Nutbition.  —  The  various  substanoes  of  which  the  food 
of  man  is  composed  must  become  finely  divided  in  order  to  admit  of  their 
passage  into  the  blood.  In  the  process  of  fine  division  or  solution  different 
substances  undergo  different  changes  in  the  alimentary  canal.  We  learn 
nothing  by  saying  that  the  food  is  converted  into  chyme,  and  the  chyme  is 
changed  into  chyle ;  but  each  animal  and  vegetable  substance  must  be  con- 
sidered separately,  as  regards  the  changes  it  undergoes  when  exposed  to 
the  action  of  the  different  fluids  which  constitute  the  saliva,  gastric  juice, 
bile,  pancreatic  juice,  and  intestinal  fluid. 

Shortly,  it  may  be  stated  that  mineral  substances,  when  exposed  to  these 
reagents,  are  but  little  changed. 

Hydrates  of  carbon,  as  cellulose,  gum,  starch,  sugar,  are  each  acted  on 
differently  by  different  secretions ;  thus  cellulose  and  gum  are  probably 
not  changed.  Starch,  by  the  action  of  the  saliva  and  pancreatic  fluid,  be- 
comes dextrin  and  glucose.  J^fiflfK  4*  changed  by  gastric  juice  and 
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heat  into  glucose,  end  ell  augers  ere  ultimately  changed  by  the  intestinal 
fluid  end  heat  into  acids. 

Fat  is  unchanged  by  the  saliva  end  gastric  juice ;  but  the  bile,  the  pan- 
creatic and  intestine!  fluid,  change  the  fet  into  a  finely  divided  emulsion, 
but  effect  no  perfect  solution. 

Albuminous  substances,  as  albumin,  fibrin,  casein,  globulin,  undergo 
subdivision  end  solution  chiefly  in  the  stomach.  Each  of  these  substances 
is  chemically  changed  in  the  process  of  solution  by  the  gastric  juice  (p.  797) 
into  corresponding  peptones.  The  rate  of  change  end  of  solution  depends 
on  the  mechanical  subdivision  as  well  as  on  the  chemical  properties  of  the 
different  substances  acted  on. 

Gelatinous  substances  ere  chenged  chemically  by  the  gastric  juioe,  and 
thereby  lose  the  property  of  gelatinising  when  cold.  But  this  chenge  is 
not  requisite  to  their  solution,  which  occurs  so  reedily  that  these  sub- 
stances  can  often  be  taken  es  food  when  albuminous  substances  would  re- 
main in  the  stomach  undissolved. 

The  constant  and  unceasing  waste  of  the  enimel  body  in  the  process  of 
respiration,  and  in  the  various  secondary  changes  therewith  connected, 
necessitates  an  equally  constant  repair  end  renewal  of  the  whole  freme  by 
the  deposition  or  organization  of  matter  from  the  blood,  which  is  thus 
gradually  impoverished.  To  supply  this  deficiency  of  solid  materiel  in  the 
circulating  fluid  is  the  office  of  the  food.  The  striking  contrest  which  at 
first  appears  in  the  nature  of  the  food  of  the  two  great  classes  of  enimels, 
the  vegetable  feeders  and  the  carnivorous  races,  diminishes  greatly  on 
close  examination :  it  will  be  seen  that,  so  far  as  the  materials  of  blood,  or, 
in  other  words,  those  devoted  to  the  repeir  and  sustenance  of  the  body  it- 
self, are  concerned,  the  process  is  the  same.  In  e  flesh-eating  animal  great 
simplicity  is  observed  in  the  construction  of  the  digestive  organs;  the 
stomach  is  a  mere  enlargement  of  the  short  and  simple  alimentary  canal ; 
and  the  reason  is  plain :  the  food  of  the  creature,  flesh,  is  absolutely  iden- 
tical in  composition  with  its  own  blood,  end  with  the  body  that  blood  is 
destined  to  nourish.  In  the  stomach  it  undergoes  mere  solution,  being 
brought  into  a  state  fitted  for  absorption  by  the  lacteal  vessels,  by  which 
it  is  nearly  ell  taken  up,  and  at  onoe  conveyed  into  the  blood :  the  excre- 
ments of  such  animals  are  little  more  than  the  comminuted  bones,  feathers, 
hair,  and  other  matters  whioh  refuse  to  dissolve  in  the  stomach.  The  same 
condition,  thet  the  food  employed  for  nourishment  of  the  body  must  have 
the  same,  or  neerly  the  same,  chemical  composition  as  the  body  itself,  is 
really  fulfilled  in  the  case  of  animals  that  live  exclusively  on  vegeteble 
substances.  It  has  been  shown  *  thet  certain  of  the  aiotized  principles  of 
plants,  which  often  abound,  and  are  never  altogether  absent,  have  a  chem- 
ical composition  and  assemblage  of  properties  which  assimilate  them  in 
the  closest  manner,  and  it  is  believed  even  identify  them,  with  the  azotiied 
principles  of  the  animal  body :  vegetable  albumin,  fibrin,  and  casein  are 
scarcely  to  be  distinguished  from  the  bodies  of  the  same  name  extracted 
from  blood  and  milk. 

If  a  portion  of  wheaten  flour  be  made  into  a  paste  with  water,  and  cau- 
tiously washed  on  a  fine  metallic  sieve,  or  in  a  cloth,  a  grayish,  adhesive, 
elastic,  insoluble  substance  will  be  left,  called  gluten  or  glutin,  and  a  milky 
liquid  will  pass  through,  which  by  a  few  hours'  rest  becomes  clear  by  de- 
positing a  quantity  of  starch.  If  now  this  liquid  be  boiled,  it  becomes 
again  turbid  from  the  production  of  a  flocculent  precipitate,  whioh,  when 
collected,  washed,  dried,  and  purified  from  fat  by  boiling  with  ether,  is 
found  to  have  the  same  composition  as  animal  albumin.  The  glutin  itself 
is  a  mixture  of  true  vegetable  fibrin,  and  a  small  quantity  of  a  peculiar 
asotized  matter  called  gliadin,  to  which  its  adhesive  properties  are  due. 
*  Liebig,  Ann.  Ch.  Pharm.  zzxix.  129. 
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The  gHadin  may  be  extracted  by  boiling  alcohol,  together  with  a  thick, 
fluid  oil,  which  is  separable  by  ether:  it  is  gluey  and  adhesive,  quite  in- 
soluble in  water,  and  when  dry,  hard  and  translucent  like  horn ;  it  dis- 
solves readily  in  dilute  caustio  alkali,  and  also  in  acetic  acid.  The  fibrin 
of  other  grain  is  unaccompanied  by  gliadin :  barley  and  oatmeal  yield  no 
glutin,  but  inadherent  filaments  of  nearly  pure  fibrin. 

Vegetable  albumin  in  a  soluble  state  abounds  in  the  juice  of  many  soft 
succulent  plants  used  for  food :  it  may  be  extracted  from  potatoes  by  ma- 
cerating the  sliced  tubers  in  cold  water  containing  a  little  sulphuric  acid. 
It  coagulates  when  heated  to  a  temperature  dependent  upon  the  degree  of 
concentration,  and  cannot  be  distinguished  when  in  this  state  from  boiled 
white  of  egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  of  the  oily  seeds,  contain  a  principle 
which  bears  the  most  striking  resemblance  to  the  casein  of  milk.  When  a 
solution  of  this  substance  is  heated,  no  coagulation  occurs,  but  a  skin  forms 
on  the  surface,  just  as  with  boiled  milk.  It  is  coagulable  by  alcohol,  and 
by  acetic  acid,  the  last  being  a  character  of  importance.  Such  a  solution, 
mixed  with  a  little  sugar  —  an  emulsion  of  sweet  almonds,  for  instance  — 
and  left  to  itself,  soon  becomes  sour  and  curdy,  and  exhales  an  offensiTe 
smell :  it  is  then  found  to  contain  lactic  acid. 

All  these  substances  dissolve  in  caustic  potash,  with  production  of  a 
small  quantity  of  alkaline  sulphide:  the  filtered  solution  mixed  with  ex- 
cess of  acid  gives  precipitates  of  protein. 

The  following  is  the  composition  in  100  parts  of  Tegetable  albumin  and 
fibrin :  it  will  be  seen  that  they  agree  very  closely  with  the  results  before 
given: 

Albumin.  Fibrin. 

Carbon 65  01  64  60 

Hydrogen 7-23  7-80 

Nitrogen         .        .        .        .        .         .     15-92  16  81 

Oxygen,  sulphur,  and  phosphorus  21-84  22-29 

100-00  10000 

The  composition  of  Tegetable  casein,  or  legumin,  has  not  been  so  well 
made  out :  so  much  discrepancy  appears  in  the  analyses  as  to  lead  to  the 
supposition  that  different  substances  have  been  operated  upon. 

The  great  bulk,  however,  of  the  solid  portion  of  the  food  of  the  herbi- 
vore consists  of  bodies  which  do  not  contain  nitrogen,  and  therefore  can- 
not yield  sustenance  in  the  manner  described :  some  of  these,  as  vegetable 
fibre  or  lignin,  and  waxy  matter,  pass  unaltered  through  the  alimentary 
canal ;  others,  as  starch,  sugar,  gum,  and  perhaps  vegetable  fat,  are  ab- 
sorbed into  the  system,  and  afterwards  disappear  entirely :  they  are  sup- 
posed to  contribute  very  largely  to  the  production  of  animal  heat. 

On  these  principles,  Liebig*  made  the  now  doubtful  distinction  between 
what  he  terms  plastic  element*  of  nutrition  and  element*  of  respiration.  In  the 
former  class  he  placed  — 

Vegetable  fibrin, 
Vegetable  albumin, 
Vegetable  casein, 
Animal  flesh, 
Blood. 


To  the  latter: 

Fat, 
Starch, 
Gum, 
Cane-sugar, 


Grape-sugar, 
Milk-sugar, 
Pectin, 
Alcohol? 


DIGESTION  AND    NUTRITION.  825 

When  the  muscular  increments  of  a  healthy  animal  are  restrained,  a 
genial  temperature  kept  up,  and  an  ample  supply  of  food  containing  much 
amylaceous  or  oily  matter  given,  an  accumulation  of  fat  in  the  system  rap- 
idly takes  place :  this  is  well  seen  in  the  case  of  stall-fed  cattle.  On  the 
other  hand,  when  food  is  deficient,  and  much  exercise  is  taken,  emaciation 
results.  These  effects  are  ascribed  to  differences  in  the  activity  of  the 
respiratory  function :  in  the  first  instanoe,  the  heat-food  is  supplied  faster 
than  it  is  consumed,  and  henoe  accumulates  in  the  form  of  fat;  in  the 
second,  the  conditions  are  reversed,  and  the  creature  is  kept  in  a  state  of 
leanness  by  its  rapid  consumption.  The  fat  of  an  animal  appears  to  be  a 
provision  of  Nature  for  the  maintenance  of  life  during  a  certain  period 
under  circumstances  of  privation. 

The  origin  of  fat  in  the  animal  body  was  at  one  time  the  subject  of  much 
discussion.  On  the  one  hand  it  was  contended  that  satisfactory  evidence 
exists  of  the  conversion  of  starch  and  saccharine  substances  into  fat,  by 
separation  of  carbon  and  oxygen,  the  ohange  somewhat  resembling  that 
of  vinous  fermentation ;  it  was  argued  on  the  other  side,  that  oily  or  fatty 
matter  is  invariably  present  in  the  food  supplied  to  the  domestic  animals, 
and  that  this  fat  is  merely  absorbed  and  deposited  in  the  body  in  a  slightly 
modified  state.  The  question  has  been  deoided  in  favor  of  the  first  of  these 
views,  whioh  was  enunciated  by  Liebig,  by  the  very  chemist  who  formerly 
advocated  the  second  opinion.  By  a  series  of  very  beautiful  experiments, 
MM.  Dumas  and  Milne  Edwards  proved  that  bees  exclusively  feeding  upon 
sugar  were  still  capable  of  producing  wax,  which  is  known  to  be  a  veri- 
table fat. 

The  food  of  animals,  or  rather  that  portion  of  the  food  which  is  destined 
to  the  repair  and  renewal  of  the  frame  itself,  is  thus  seen  to  consist  of  sub- 
stances identical  in  composition  with  the  body  it  is  to  nourish,  or  requir- 
ing but  little  chemical  change  to  become  so. 

The  chemical  phenomena  observed  in  the  animal  system  resemble  so 
far  those  produced  out  of  the  body  by  artificial  means,  that  they  are  all,  or 
nearly  all,  so  far  as  is  known,  changes  in  a  descending  series.  Albumin 
and  fibrin  are  probably  more  complex  compounds  than  gelatin  or  the  mem- 
brane which  furnishes  it :  this,  in  turn,  has  a  far  greater  complexity  of 
constitution  than  urea,  whioh  contains  most  of  the  aiotiied  matter  that  is 
rejected  from  the  body.  The  animal  lives  by  the  assimilation  into  its  own 
substance  of  the  most  complex  and  elaborate  products  of  the  organic  king- 
dom;—  products  which  are,  and,  apparently,  can  only  be,  formed  under 
the  influence  of  vegetable  life. 

The  existence  of  the  plant  is  maintained  in  a  manner  strikingly  dissimi- 
lar:— the  food  supplied  to  vegetables  is  wholly  inorganic ;  the  carbon  di- 
oxide and  nitrogen  of  the  atmosphere ;  the  water  which  falls  as  rain,  or  is 
deposited  as  dew ;  the  minute  traces  of  ammoniacai  vapor  present  in  the 
air;  the  alkali  and  saline  matter  extracted  from  the  soil; — such  are  the 
substances  which  yield  to  plants  the  elements  of  their  growth.  That  green 
healthy  vegetables  do  possess,  under  circumstances  to  be  mentioned  imme- 
diately, the  property  of  decomposing  carbon  dioxide  absorbed  by  their 
leaves  from  the  air,  or  conveyed  thither  in  solution  through  the  medium 
of  their  roots,  is  a  fact  positively  proved  by  direct  experiment,  and  ren- 
dered certain  by  considerations  of  a  very  stringent  kind.  To  effect  this 
very  remarkable  decomposition,  the  influence  of  light  is  indispensable ;  the 
diffused  light  of  day  suffices  in  some  degree,  but  the  direct  rays  of  the  sun 
greatly  exalt  the  activity  of  the  process.  The  carbon  separated  in  this 
manner  is  retained  in  the  plant  in  union  with  the  elements  of  water,  with 
which  nitrogen  is  also  sometimes  associated,  while  the  oxygen  is  thrown 
off  into  the  air  from  the  leaves  in  a  pure  and  gaseous  condition. 
The  effect  of  ammoniacai  salts  upon  the  growth  of  plants  is  so  remark- 
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able  as  to  leave  little  room  for  doubt  concerning  the  peculiar  functions  of 
the  ammonia  discovered  in  the  air.  Plants  which  in  their  cultivated  state 
contain,  and  consequently  require,  a  larger  supply  of  nitrogen,  as  wheal, 
and  the  cereals  in  general,  are  found  to  be  greatly  benefited  by  the  appli- 
cation to  the  land  of  such  substances  as  putrefied  urine,  which  may  be 
looked  upon  as  a  solution  of  ammonium  carbonate,  or  of  guano,  which  is 
the  partially  decomposed  duns  of  birds,  found  in  immense  quantities  on 
some  of  the  barren  islets  of  the  western  coast  of  South  America,  as  that 
of  Peru.  More  recently,  similar  deposits  have  been  found  on  the  coast  of 
Southern  Africa.  The  guano  now  imported  into  England  from  these  locali- 
ties is  usually  a  soft,  brown  powder,  of  various  shades  of  color.  White 
specks  of  bone-earth,  and  sometimes  masses  of  saline  matter,  may  be  found 
in  it  That  which  is  most  recent,  and  probably  most  valuable  as  manure, 
often  contains  undecomposed  uric  acid,  besides  much  ammonium  oxalate 
or  chloride,  alkaline  phosphates,  and  other  salts:  it  has  a  most  offensive 
odor.  The  specimens  taken  from  older  deposits  have  but  little  smell,  are 
darker  in  color,  contain  no  uric  acid,  and  much  less  ammoniacal  salt;  the 
chief  components  are  bone-earth,  a  peculiar  dark-colored  organio  matter, 
and  soluble  inorganic  salts.     (See  also  p.  724). 

Upon  the  members  of  the  vegetable  kingdom  thus  devolves  the  duty  of 
building  up,  as  it  were,  out  of  the  inorganic  constituents  of  the  atmos- 
phere,— the  carbon  dioxide,  the  water,  and  the  ammonia, — the  numerous 
complicated  organio  principles  of  the  perfect  plant,  many  of  which  are 
afterwards  destined  to  become  the  food  of  animals,  and  of  man.  The  chem- 
istry of  vegetable  life  is  essentially  a  process  of  reduction  caused  by  the 
action  of  light,  but  the  mode  in  which  this  is  effected  is  at  present  by  no 
means  made  out  One  thing,  however,  is  manifest,  namely,  the  wonderful 
relations  between  the  two  orders  of  organised  beings,  in  virtue  of  which 
the  rejected  and  refuse  matter  of  the  one  is  made  to  constitute  the  essen- 
tial and  indispensable  food  of  the  other.  While  the  animal  lives,  it  exhales 
incessantly  from  its  lungs,  and  often  from  its  skin,  carbon  dioxide ;  when 
it  dies,  the  soft  parts  of  the  body  undergo  a  series  of  chemical  changes  of 
degradation,  which  terminate  in  the  production  of  carbon  dioxide,  water, 
ammonium  carbonate,  and,  perhaps,  other  products  in  small  quantity. 
These  are  taken  up  by  a  fresh  generation  of  plants,  which  may  in  their 
turn  serve  for  food  to  another  race  of  animals. 
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HYDROMETER  TABLES. 


OOMPABISON 


0?    THB  DIOEBIS    OF    BAUME'g    HYDEOMETIE   WITH    THE  EIAL 
BPBOIflO   GRAVITIES. 


• 

1.  For  Liquids  heavier  than  Water. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

0 

1000 

26 

1-206 

52 

1-520 

1 

1007 

27 

1-216 

68 

1-635 

2 

1013 

28 

1-225 

54 

1-651 

3 

1020 

29 

1-286 

65 

1-667 

4 

1027 

80 

1-245 

66 

1-683 

5 

1034 

81 

1-256 

67 

1-600 

.6 

1041 

82 

1-267 

58 

1-617 

7 

1048 

83 

1-277 

69 

1-634 

8 

1056 

84 

1-288 

60 

1-662 

9 

1.063 

85 

1-299 

61 

1-670 

10 

1070 

86 

1-310 

62 

1-689 

11 

1078 

87 

1-321 

68 

1-708 

12 

1-086 

38 

1-838 

64 

1-727 

13 

1094 

89 

1-845 

65 

1-747 

14 

1101 

40 

1-367 

66 

1-767 

15 

1109 

41 

1-369 

67 

1-788 

16 

1-118 

42 

1-381 

68 

1-809 

17 

1126 

43 

1-395 

69 

1-831 

18 

1134 

44 

1-407 

70 

1-854 

19 

1143 

45 

1-420 

71 

1-877 

20 

1152 

46 

1-434 

72 

1-900 

21 

1160 

47 

1-448 

73 

1-944 

22 

1-169 

48 

1-462 

74 

1-949 

23 

1178 

49 

1-476 

75 

1-974 

24 

1-188 

50 

1-490 

76 

2000 

26 

1197 

51 

1-496 

827 


828 
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2.  Bammfi  EydnmtUr  for  Liquids  lighter  than  Water. 


Degrees. 

feeeile 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degree*. 

Q  rarity. 

10 

1000 

27 

0-896 

44 

0-811 

11 

0  993 

28 

0-890 

45 

O807 

12 

0-986 

29 

0-885 

46 

0-802 

13 

0-980 

80 

0-880 

47 

0-798 

14 

0-978 

81 

0-874 

48 

0-f94 

15 

0-967 

82 

0-869 

49 

0-789 

16 

0-960 

88 

0-864 

50 

0-785 

17 

0-954 

84 

0-859 

51 

0781 

18 

0-948 

85 

0-854 

52 

0-777 

19 

0-942 

86 

0-849 

53 

0-773 

20 

0-936 

87 

0-844 

54 

0-768 

21 

0-930 

88 

0-889 

55 

0-764 

22 

0-924 

89 

0-834 

56 

0-760 

28 

0-918 

40 

0-830 

57 

0-757 

24 

0-918 

41 

0-825 

58 

0-753 

26 

0-907 

42 

0-820 

69 

0-749 

26 

0-901 

48 

0-816 

60 

0-746 

These  two  tables  are  on  the  authority  of  Francoeur ;  they  are  taken  from 
the  Handworterbuch  der  Chemie  of  Liebig,  Poggendorff,  and  Wohler.  Bauml's 
hydrometer  is  very  commonly  used  on  the  Continent,  especially  for  liquids 
hearier  than  water.  For  lighter  liquids  the  hydrometer  of  Cartier  is  often 
employed  in  France.     Carrier's  degrees  differ  but  little  from  those  of  Baurol. 

In  the  United  Kingdom,  Twaddell's  hydrometer  is  a  good  deal  used  for 
dense  liquids.  This  instrument  is  so  graduated  that  the  real  specific  grav- 
ity can  be  deduced  by  an  extremely  simple  method  from  the  degree  of  the 
hydrometer;  namely,  by  multiplying  the  latter  by  5,  and  adding  1000;  the 
sum  is  the  specific  gravity,  water  being  1000.  Thus  10°  Twaddle  indicates 
a  specific  gravity  of  1050,  or  1  05 ;  90°  Twaddell,  1450,  or  1-45. 

In  the  Customs  and  Excise,  Sikes's  hydrometer  is  used. 
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ABSTRACT 

Of   ML   DALTOH'S  TABLB  OF  THB  BLA8TI0   FOB0B  0?  TAPOUB  OF  WAT1B   AT 
DIFFBBBB*  TBMPSBATUBBB,   BXPBBBSBD  U  IHCHBS  OF  NBB0UBT. 


Tiiipmhn 

TanparatTura. 

Temparatnia, 

Fovoa. 

Foroa. 

Font. 

Fah. 

Oral 

Fab. 

Omit 

Fan. 

Ormt. 

32* 

0*»-0 

0-200 

67° 

18«*88 

0-474 

90o 

82o2 

1-86 

83 

0°-65 

0-207 

68 

14«»-4 

0-490 

96 

860 

1-68 

34 

1°-1 

0-214 

69 

16° 

0-507 

100 

87077 

1-86 

36 

l°-66 

0-221 

60 

15«»-6 

0-524 

106 

40O-6 

218 

36 

2°-2 

0*229 

61 

16*-1 

0-642 

110 

43°  8 

2-58 

87 

20.77 

0-287 

62 

l6«-66 

0-660 

116 

46°-l 

2-92 

38 

8°-8 

0-246 

68 

17*-2 

0-678 

120 

48°-88 

8-88 

89 

8°-88 

0-254 

64 

17°-77 

0-697 

125 

610-66 

8  76 

40 

40.4 

0-268 

66 

18«-8 

0-616 

180 

64°-4 

4-84 

41 

6« 

0-278 

66 

18»-88 

0-686 

185 

67°-2 

600 

42 

6«-65 

0-288 

67 

190-4 

0-665 

140 

6O0 

6-74 

48 

6«».l 

0-294 

68 

20° 

0-676 

146 

620-77 

6-68 

44 

6°-66 

0-805 

69 

20O-66 

0-698 

160 

66°-6 

7-42 

45 

70.2 

0-816 

70 

2lo.l 

0-721 

160 

7lo«l 

9-46 

1  46 

70.77 

0-328 

71 

21066 

0-746 

170 

76°-66 

1218 

1  47 

8°-8 

0*889 

72 

22°-2 

0-770 

180 

82°-2 

1615 

48 

8«-88 

0  861 

78 

22°-77 

0-796 

190 

87°-77 

1900 

19 

90.4 

0*863 

74 

230-8 

0-828 

200 

930-8 

28-64 

60 

10° 

0-375 

76 

28088 

0-861 

210 

98°  88 

28-84 

51 

10°-66 

0-888 

76 

24°-4 

0-880 

212 

100° 

8000 

62 

11°1 

0401 

77 

26o 

0-910 

220 

104O.4 

84-99 

68 

ll«»-66 

0-416 

78 

26o-6 

0-940 

280 

llOo 

41-76 

64 

12o.2 

0-429 

79 

26o-l 

0-971 

240 

116°-6 

49-07 

65 

12°77 

0448 

80 

260-66 

1000 

260 

121°-1 

68-21 

,66 

18°  8 

0-468 

86 

29o.44 

1170 

800 

148°-88 

111  81 

70 
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TABLE 

Of  TUfc  FBOFOBTIO*  BT  WBIOHT  OF  ABSOLUT!  OB  BBAL  ALCOHOL  IV  100  PAlTf 
OF  8PIB1TS  OF  D1FFBBBBT  BFBOIFIO  GRAVITIES.      (FOWXSS.) 


B>.  Or.  at  eo° 

Peroral 
of  real 
AloohoL 

Sp.  Or.  «t  eo° 

(15°"6C.) 

Percent, 
of  real 
Alcohol. 

Bp.  Or.  at  60° 
(ltt°-«Q. 

Percent 
of  real 
Alcohol. 

0-9991 

0-6 

0-9611 

84 

0-8769 

68 

0-9981 

1 

0-9490 

86 

0-8746 

69 

0-9966 

2 

0-9470 

86 

0-8721 

70 

0-9947 

8 

0-9462 

87 

0-8696 

71 

0-9980 

4 

0-9484 

38 

0-8672 

72 

0*9914 

6 

0-9416 

89 

0-8649 

73 

09898 

6 

0-9396 

40 

08626 

74 

0*9884 

7 

0-9876 

41 

0-8608 

76 

0-9869 

8 

0-9866 

42 

0-8681 

76 

0-9866 

9 

0-9386 

48 

08667 

77 

0-9841 

10 

0-9314 

44 

0-8633 

78 

0-9828 

11 

0-9292 

46 
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WEIGHTS  AND   MEASURES. 


4800  grains  Troy  =  1  01.  Troy. 

487-5  "  s=  1  oi.  Avoirdupoida. 

7000-0  "  «  1  lb.  AYoirdnpoida. 

6760-0  "  =  1  lb.  Troy. 


lbo  imperial  gallon  contains  of  water  at  60°  (16°-6C)  70,000-    grains. 

The  pint  (|  of  gallon) ^760- 

The  fluid-ounce  (^  of  pint) 487-6      " 

The  pint  equals  84  66  cubic  inches. 


The  French  kilogramme  =  16,488*6  grains,  or  2-679  lb.  Troy, or 

2-206  lb.  aToirdupoids. 

The  grammme      =  15-4886  grains. 

"    decigram**    =    1-5484       " 

"    centigramme  =   0-1548      " 

'«    milligramme  =   0-0154      " 


The  mftfr*  of  France  =*  89-87     i 

neb 

M    decimetre             =    8-987 

«< 

M    cwtftwdfre            =*   0-894 

«« 

«    milflmto*           «   00894 
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213-8 

151 

303-8 

52 

125-6 

102 

2156 

152 

306  6 

68 

127-4 

108 

217-4 

163 

807-4 

64 

129-2 

104 

219-2 

164 

809  2 

65 

1310 

106 

2210 

156 

311-0 

66 

132-8 

106 

2228 

166 

812-8 

67 

184-6 

107 

224-6 

157 

3146 

58 

136-4 

108 

226-4 

158 

816-4 

59 

138-2 

109 

228-2 

159 

318-2 

60 

1400 

110 

2800 

160 

820-0 

61 

141-8 

111 

281-8 

161 

821-8 

62 

143-6 

112 

288-6 

162 

823-6 

68 

145-4 

118 

286-4 

168 

826-4 

64 

147-2 

114 

287-2 

164 

827-2 

66 

1490 

116 

2890 

166 

8290 

66 

150-8 

116 

240-8 

166 

330-8 

67 

162-6 

117 

242-6 

167 

882-6 

68 

164-4 

118 

244-4 

168 

334-4 

69 

166-2 

119 

246-2 

169   * 

336-2 

70 

1580 

120 

2480 

170 

338-0 

71 

1598 

121 

249-8 

171 

839*8 

72 

161-6 

122 

261-6 

172 

341-6 

78 

168-4 

128 

268-4 

178 

8484 

74 

166-2 

124 

2662 

174 

846-2 

76 

167-0 

125 

267-0 

175 

847-0 

76 

1688 

126 

268-8 

176 

848-8 

77 

170-6 

127 

260-6 

177 

360  6 

78 

172-4 

128 

262  4 

178 

862-4 

79 

174-2 

129 

264-2 

179 

864-2 

80 

1760 

180 

2660 

180 

866-0 

81 

177-8 

181 

267-8 

181 

857-8 

82 

179-6 

182 

269-6 

182 

869-6 

88 

181-4 

183 

271-4 

188 

861-4 

84 

1832 

184 

273-2 

184 

863-2 
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Cent 

Fah. 

Gent. 

Fah. 

Cent. 

Fah. 

-1-186° 

...  +3650° 

4-280° 

...  +446  0° 

+276° 

...  +6270° 

186 

366-8 

231 

447-8 

276 

628-8 

187 

868-6 

232 

449-6 

277 

630-6 

188 

870-4 

283 

461-4 

278 

632-4 

189 

872-2 

234 

463-2 

279 

6842 

190 

8740 

235 

4650 

280 

6360 

191 

876-8 

286 

466-8 

281 

637-8 

192 

877-6 

237 

458-6 

282 

639-6 

193 

879-4 

238 

460-4 

283 

6414 

194 

881-2 

289 

462-2 

284 

6482 

195 

3830 

240 

4640 

286 

6460 

196 

884-8 

241 

466-8 

286 

646-8 

197 

886-6 

242 

467-6 

287 

548-6 

198 

888-4 

248 

469-4 

288 

550-4 

199 

8901 

244 

471-2 

289 

662-2 

200 

3920 

245 

4730 

290 

654  0 

201 

393-8 

246 

474-8 

291 

6668 

202 

895-6 

247 

476-6 

292 

667-6 

203 

897  4 

248 

478-4 

298 

559-4 

204 

399-2 

249 

480-2 

294 

661-2 

205 

4010 

260 

4820 

296 

6680 

206 

402-8 

261 

483-8 

296 

664-8 

207 

404-6 

252 

486-6 

297 

666-6 

208 

406-4 

253 

487-4 

298 

668-4 

209 

408-2 

254 

489-2 

299 

670-2 

210 

4100 

266 

4910 

800 

6720 

211 

411-8 

256 

492-8 

801 

673-8 

212 

413-6 

267 

494-6 

302 

675-6 

213 

416-4 

258 

4964 

808 

677-4 

214 

417-2 

259 

498-2 

804 

679-2 

216 

4190 

260 

600  0 

306 

5810 

216 

420-8 

261 

601-8 

806 

682-8 

217 

422-6 

262 

603-6 

807 

684-6 

218 

4240 

263 

605-4 

808 

680  4 

219 

426-2 

264 

607-2 

309 

688-2 

220 

428  0 

265 

6090 

310 

6900 

221 

429-8 

266 

610  8 

811 

6918 

222 

431-6 

267 

612-6 

812 

693-6 

223 

433-4 

268 

514-4 

813 

696-4 

224 

435-2 

269 

516-2 

314 

697  2 

225 

4370 

270 

518-0 

815 

699  0 

226 

438-8 

271 

619-8 

316 

600-8 

227 

440-6 

272 

621-6 

817 

602-6 

228 

442-4 

278 

623-4 

318 

604.4 

229 

444-2 

274 

626-2 

819 

606-2 
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Absorption  of  guei....l30t  160 

of  heat 101, 10ft 

Acetal 087 

Acetamide 772 

Acetates,  metallic 007 

Acetic  add,  manufacture 

of 007 

ethers 010 

oxide  or  anhydride. 011 

Acetone 098 

determination  of  tapor- 

density  of. 450 

Acetonitriie 710 

Acetosalicyl 004 

Acetyl  chloride 011 

Acetylene 486 

Acid,  acetic -  000 

acetamidobenzok 087 

acetonic 090 

aconitic... 070 

acrylic 027 

adipic 002 

aliaaric M 006 

allanturic 725 

alllturic « 727 

alloxanic - 728 

alpha-oroellic 780 

alpha-toluic  » M 039 

alphaxylic 039 

amalic 767 

amidacetic 014 

amido-bensoic .636,  775 

amido-bntyric 017 

amido-caproic 019 

amido-propionic 015 

amylacetic 020 

anchoic 003 

angelic 027 

anilic~ 784 

anisic 054 

anthranilic .770, 784 

antimonic 419 

arnchidic 025 

arsenic 423 

arsenions 423 

aspartic~ 779 

atropic 041 

auric 370 

barbituric 731 

benic  or  behenic 025 

benzamidacetlc 038 

benzilic 650 

benzoic. 033 

benzoglycolllc 038 

beta-orsellic 780 

bismuthlc 428 

boric ~ 208 

brassic 029 

bromacetic 013 

broraic 188 

bromo-barbituric 731 


Acid :  paoi 

bromo-benzoic 030 

bromo-phenisic 562 

bromo-propionic 015 

butyric 010 

cacodylic 705 

caniphic 032 

campholic 031 

camphoric 004 

capric 620 

caproic 019 

caprylic 020 

carballylic 070 

carbamic .314,770 

carbazotic 652 

carbocresylic 054 

carbolic 650 

carbonic 160,048 

liquefaction  of. 00, 167 

carbothymolic 055 

carbohydroquinouic 008 

carminic 787 

cerotic 025 

chelidonic 090 

chlo  race  tic 012 

chlorhydric 181 

chloric 180 

chlorobenzoic - 020 

chlorochromic 440 

chloronitric 184 

chloronitrous 184 

chlorophenesic 652 

chlorophenisic 552 

chloropropionic 015 

chlororhodic  804 

chlorous 185 

chlorovaleric 018 

cholic 812,813 

chololdic... 812 

chromic 439 

chrysammic 789 

chrysanilic 784 

chrysolepic 789 

chrysophanic 787 

cimicic , 628 

cinnamic 440 

citra conic 004 

citric 078 

cobaltic - 408 

comenic 679 

convolTulinoleic 052 

coumaric 655 

creosotic 054 

creconic 078 

crotonic 027 

cumic 440 

cyanic 712 

cyanuric 713 

cymic 440 

damaluric 027 

damolic 627 

desoxallc GOO 


Aeid:  paoi 

dextroracemic,    or 

dextrotartaric 074 

dialuric 731 

diamido-benzoic 080,  776 

dibromacetic 013 

dibromobarbituric 731 

dichluracetic 012 

diethylacetic 619 

diethylphosphoric 628 

diglycollic 644 

di-iodacetic 613 

dilactic 647 

dilituric    731 

dimethylacetic 610 

dinitrobenzoic 630 

distil phethollc 683 

disulphobenzolic 683 

dienlphometholic  .  ..697,  682 

diHulphoDaphtholic 683 

ditartaric 677 

dithionic 199 

elaldic 629 

ellagic 673 

cquisetic 670 

erucic. 629 

erythric 070,785 

ethionic 618,683 

ethene-diglycollic ...  ......  662 

ethylacetic 610 

ethyl-carbamic 776 

ethylcrotonic 630 

ethyloxalic 661 

ethylphosphoric 528 

ethylsulphnric 520 

ethyltartaric 670 

euchroic 665 

eugetic ~ 668 

euxanthic 789 

evernic 605,  787 

excretolic 804 

ferric - 399 

formic 004 

formobrnzoic 054 

fulminic 714 

fulminuric 710 

fnmaric 603 

galdlc. 628 

gallic 670 

gallotannlc 580,  672 

glyceric 667 

glycocholic 812 

glyco-hyocholic 813 

glycollamic 774 

glycollic 614,  644 

glyoxylic 606 

hcmipinic 073 

hippuric 637 

humic 585 

hydantoic 725 

hydriodic 189 

hydrobenzoic 632 

843 
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Arid :  YAM 

hydrobromic 188 

liydrochlor.c   181 

hydrocyanic 701 

bydroffiricyanic 709 

hydroferrooyanlc 7U8 

hydrofluoric      192 

bydrofluosilicic 210 

hydroselenic  205 

hydrosulplmcyanlc......  718 

hydrosulphuric 200 

hydrotellnric   207 

hydurilic 727,  731 

hyocholic 8U 

hypochlorous  184 

hypogssic .......  628 

hypogallic    697 

HypopboAplioroiM 213 

hypoMulphuric 190 

hypoaulphurons 199 

iguauric - .  756 

iiidinlc -.  784 

insolinic   439,  66« 

inosinic .759,  804 

lodttcetjc  —  613 

iodic 190 

iaatic   783 

laethionic ..527,  683 

isobutyric -..  616 

isopropylacctic 618 

itaconic     -664 

Ialapinoleic K62 
aponic —...  673 
linic  6*0 

lactamic 775 

lactic .  644 

Ian tau uric 727 

lauric 621 

lecouoric 935 

lepargylic  663 

Icucamic  775 

leudc    648 

levo-racenilc,  or  levo-tar- 

turic 674,  677 

lithic 723 

Utltofollic 814 

malAiuic  77S 

nialeic 663 

malic -  6X8 

malouic 661 

manganic 413 

mannitic 681 

margaric ........  623 

meconic - 679 

melhsic - 626 

mellitic  && 

mesaconic 664 

mesoxalic 726,  729 

metagallic  . 671 

mctantimonic 420 

metapectic  688 

nietaphosphoric  .... 2s5 

mtrtastanuie 392 

methacrylic    .  630 

mcthionic 682 

mrthylcarbamlc  776 

methylcrotonic 630 

methyl paroxy benzoic...  654 

nu'thylsnlphurk 514 

molybdk 444 

monobromacc>tic  613 

tnonachloracetic ..  612 

moringic 628 

mucic 681 

muriatic.. — 181 

mycomeUc. - 729 


Add:  paoi 

myrisric 021 

myrontc   580 

naphthalic. 6*5 

niobic 434 

nitric  158 

nitranitfc  695 

nitrobenxolc 636 

nitrocuniic 440 

nitruphenasic 652 

nitrophenesfc -  552 

niirupnenisfc 663 

nitrophthalic..... 665 

nitrutoiuic  ... 439 

nitrons 161 

oenanthic   .... .  620 

oeimnthylic ».  619 

oleic  - 628 

opiunic 673 

orseliinic 665,  786 

orthophosphoric -  285 

oamic 388 

ommous .  388 

oxalic (57 

oxaltiric  723 

oxamic 669,  777 

oxybenzoic 653 

oxybutyric 657,  642 

oxy  picric... ~. .....  789 

oxygalicylie 668 

oxysulphocarbamic 777 

palmitic 621 

parabanic ~.  729 

paralacttc  ...  645 

paraoxybenzolc 652 

pnraphosphoric 286 

paraaorbic 632 

paratartaric 677 

parellic 786 

pwtic 688 

pelargonic 620 

pontathionic 200 

perchloric   186 

porchromic 440 

periodic 194 

permanganic  413 

phenylcarbamic 776 

ph  lore  tic 655 

phosphoric 214,  2f5 

glacial 214 

monobasic 285 

tribasic .. 285 

tetrabaafe 286 

phosphorous . 214 

phosphovinic .....'. 628 

phthalic    665 

physetoieic €28 

picric 553 

pi  marie 700 

pimelic .  002 

pinic . 790 

piperie . 668 

propionic     .  614 

protocatech.uk 668 

prnssic 701 

p/cudo-uric  - 730 

purpuric . 732 

purreic 789 

pyrocomenic 679 

pyrogaJlic. 670,  671 

pyromeconic 679 

pyromudc 682 

pymphoaphoric 286 

pyrotartaric  „ 661 

pyroterebic 627 

pyruvic 661 


Acid :  pack 

quadrichloroTaleric ......  618 

quiuic -..  ...  660 

quinonic 665 

quitioylic 665 

racemic -  677 

artificial  production  of  677 

rhodizouic 678 

rieinoleic 652 

roccellic 663 

rnbiacic .. 788 

ruble 673 

rutic ~  620 

saccharic 681 

salicylic .650,  653 

salicylous 692 

sarcolactiu      644 

aebaric  or  sebic 663 

aeletihydric.......... ........  206 

selenic  ............  205 

selenious 204 

siluic   210 

sorbic ..  632 

stannic 391 

stairic - 623 

•lyphnic  -  788 

suberic .-  662 

succinic 662 

sudoric -  811 

sulphacetic 682 

sulpbumic  314 

sulphanisolic .............  551 

anlph-hydric  .....  .... 200 

sulphindigotic .............  782 

•ulphindylic 782 

sulphobenioic 683 

sulphobensolic 683 

snlphocacodylic .  766 

sulphocarbamic. ...........  777 

Biilphocarbonic -  203 

sulphocyanic  .  717 

sulphoglyceric 568 

sulpholignic 593 

sulphomet  hylic 514 

sulphonaphthalic 683 

sulphorinic 526 

sulphuric 196 

sulphurous 195 

sylvic 790 

tannic 671 

tantalic ...  633 

tartaric - 673 

tartaric,  inactive 677 

tartralic 676 

tartrelic 676 

tartrovinic . 676 

tauro-cholic ..  S12 

tauro-hyocholic 814 

tellurhydric.:: 207 

telluric 207 

tellurous  . 206 

terephthalic 666 

tetrucblororaleric. .....  61 8 

tetrathionic 190 

thincetlc 613 

tbionuric  - — 729 

thiosulphurie ..  199 

thymotic 655 

thymyl-carbonic.........  655 

titanic ;  393 

toluic 6S8 

trichloracetic 612 

trichlorovaleric 618. 

trithionlc 199 

tungstic 442 

ulmic  . 685 
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Acid :  page 

nramilie 730 

aric 723,  810 

uroxanic -  725 

uenic  7**7 

vulerianJc  or  valeric .....  607 

Tanadic 430 

▼ioluric 731 

xanthic 661 

xylic 639 

Acida 133 

acrylic M 626 

aroic 314,  471 

aromatic.. 633 

atomicity  of 696 

basicity  of. 282,  695 

fatty »  697 

iaoacrylic 629 

organic -  469 

diatomic  and  bibasic.  656 
diatomic  and   mono- 
basic  ...  642 

hexatoniic 681 

monatomic 640 

pentatomic -.  680 

tetratomic  671 

triatomic  and  bibasic  668 
triatomic  and  mono- 
basic      666 

triatomic  and  tribasic  669 

AconiUtea 670 

Acrolein 689 

Aconitine 760 

Actinism 96 

JEsculetin 679 

Acsculin 679 

Affinity,  chemical M  239 

relations  of  heat  to 241 

disposing 240 

Air,  atmospheric 164 

Air-pump 37 

Air-thermometer.. 44 

Alanine 615,  751 

Albite &17 

Albumin 793 

test  for 802 

vegetable 824 

Albuminate 794 

Albuminous  principles....  793 
AlbutninouH    substances, 

coagulated 797 

Alcohol   615 

absolute 610 

allylic  644 

amylenic 656 

amylic 636 

anisic 664 

bensylic 648 

butylic 632 

eery  lie 643 

cctylic 542 

cinnylic 654 

cresylic (53 

cymylic 549 

ethalic 642 

ethenic  ~ 656 

.      ethylic 515 

beptylic  640 

hexylic 539 

isopropylic -  631 

myricylic 643 

nonylic 642 

octylic 641 

phenylic 6.'0 

propenylic 567 

propylic 631 
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Alcohol :  FA<ii 

quartylic 632 

quiutenyllc 569 

quintylic 630 

sexdecylic 642 

sycocerylic 649 

xylylic 649 

Alcohol  bases 470 

Alcoholic  ammonias...  ~.~  470 

Alcoholic  oxides 469 

Alcohol  radicals  468 

Alcohols,  generally 468 

aromatic -.  648 

primary,  secondary,  and 

tertiary 611 

and  ethers,  diatomic 6»5 

hexatomic 672 

monatomic -   610 

pentatomic 672 

poly  ethenic. 661 

tetratomic 671 

triatomic... 665 

Aldehyde,  acetic 681 

polymciic     modifica- 
tions of 687 

acrylic 6*9 

anisic «. 695 

benzoic 090 

cinnamic 691 

cumlc M 691 

formic C88 

salicylic 602 

sycocerylic 691 

toiuic euo 

Aldehyde-ammonia f87 

Aldehyde-resin 687 

Aldehydes .470,  6*3 

from   monatomic   alco- 
hols   684 

diatomic  alcohols...  61*2 

aromatic 690 

Alembroth,  ssl- 359 

Aluaroth,  powder  of 41H 

Alizarin 788 

Alkalies 271,  2iK> 

Alkalies,  action  of,  on  or- 
ganic bodies 464 

Alknllmeter ?05 

Alkalimetry 2fK\ 

Alkaline  earths 323 

reactions  of 382 

Alkaloids 761 

Alkargen 765 

Alkarsin 763 

Allantoln 728 

Alloxan 728 

Alloxnntin 730 

Alloys 270 

Allyl  alcohol 643 

bromides 645 

iodides 546 

lsosulphocyanate 716 

oxide 645 

sulph-hydrate 646 

sulphide 645 

Allylene 486 

Allyl-sulphocarbamide....  720 

Allyl-sulphtiric  acid 646 

Almonds,  oil  of  bitter... ...  690 

Aloes 789 

Alums 335 

Alumina 334 

Aluminates 335 

Aluminium  333 

chloride 333 

ethide 769 


Aluminium :  page 

fluoride  834 

hydrates 334 

methide 769 

oxide 334 

silicates 837 

sulphate 836 

Aluminium    salts,    reac- 
tions of 837 

Alum  stone 836 

Amalgam,  ammoniacal....  310 

Amalgams 363 

Amarine 690,  760 

Amtor 790 

Amlc  acids 314,  472,  776 

Amides .314,  472,  772 

Amldin 690 

Amldogen 314 

Amidogen-bases .732,  773 

Amidotoiuene 742 

Amines 470,  732 

Amines  derived  from  mo- 
natomic alcohols 733 

A  mm  elide 721 

Ammeline 721 

Ammonia 162 

Ammoniacal  amalgam 310 

cobalt-fcrni  ounds 408 

copper-compounds 356 

mercury-compounds 862 

platinum-compounds....  S74 

turpethum 363 

Ammonias,  compound 782 

Ammonio-magneeian 470 

phosphate .349,  810 

Ammonium 810 

acetate 608 

alum 836 

benzoate 634 

carbonates 312 

chloride 812 

cyanate 713 

cyanide 704 

ferrocyanide 708 

nitrate 312 

oxalnte 659 

phosphates 813 

purpurute 731 

sulphate 312 

sulphide 813 

sulpliocyanate 718 

tartrates 675 

urate .724,  810 

Amorphous  phosphorus...  213 

Amphlil  salts. 281 

Amygdalin 679 

Amy!  acetate 610 

Amyl  alcohols  and  ethers.  635 

Amyl  bases «  738 

cyanide 710 

Amyl  oxide ~  637 

sulph-hydrate 637 

Amy  Inmine 738 

Amyl-benxeno 600 

Amylene 480,  636 

bromide 637 

chloride 637 

hydrate 638 

Amylene-alcohol 666 

Amylene-glycol M  666 

Amyl-glycerin 689 

Amyl-mercaptan  687 

Amyloid  substance 797 

Analcime 887 

Analysts,  ultimate,  of  or- 
ganic bodies 448 
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PAGE 

Analysis  of  alkaline  hy- 
drate* and  carbonates^.  90S 
Analytical  method  of  che- 
mical research ~...  143 

An*  Use    »I 

Aniline 739 

Aniline,  substitution-pro- 
ducts of 741 

Aniline-bine 747 

Aniline-colon 744 

Aniline-purple   746 

Aniline-red .. «...  746 

Aniilne-vellow   747 

Aniline-violet -  747 

Animal  fluid* *&> 

Animal  heat   821 

body,  compoandi  of  ....  703 

Animal  oil,  base*  from 748 

Anise  oil 695 

AnMc  alcohol 664 

Anisic  aldehyde 696 

Aniiidine 651 

Ani*ol 651 

Anixyl  hydride 696 

Anthracene  - 604 

Antiraonate* ~ 420 

Antimony 418 

bases.. 761 

chloride* 418 

hydride 419 

oxides  419 

salK  reaction*  of  4*21 

sulphides 4*20 

and  potassium  tartrate..  675 

Apatite  330 

Appendix  ~ 8*27 

Aqua  regia ~. 184 

Arabin   68* 

Archil 785 

Archimedes'  theorem '29 

Argnnd  lamp 176 

Argol    674 

Aromatic  arid* —  633 

alcohol*,  primary 648 

secondary 650 

aldehyde* 690 

bases  739 

hydrocarbon* 49*2 

ketone* 696 

Arrngunite 3*9 

Arrow-poison    of  Central 

America 760 

Arrow-rout 590 

Arsenates 423 

Ar*en<Hethyl 762 

Arseiidiiiiethyl 763 

Arsenic 42*2 

bases 762 

chloride   422 

detection  in  organic  mix- 
tures    - 425 

bvdride* 423 

oxides. 423 

reactions  of - 425 

sulphides 424 

Arsenite* 423 

Ar*enmethyltum  766 

Aneiimonomethyl 766 

Arsentriethyl  762 

Amines     471,  7»52 

Arterial  blood 805 

Artlad*   231 

Asparagin 779 

As|>artic  acid 779 

Aaphalt 606 


PASS 

Aspbalteoe 606 

Assafcetida      789 

Astatic  needle 123 

Atacaraiie M 364 

Atmolyai*     138 

Atmosphere,  composition 

and  analysis 154 

physical  constitution  of....    35 

vapor  of  water  in 69 

Atmospheric  electricity...  119 

Atomic  theory 229 

Atomic  weight,  definition 

of    223 

relation  of,  to  crystal- 
line form  227 

relation  of,    to  specific 

heat 73,  227 

relation  of,  to  volume.  228 
Atomic  weights,  table  of...  226 

Atoms  229 

combination  of  similar 

232,  234 

Atropine   760 

Attenuation  of  wort 520 

Attraction,  chemical 239 

electrical —  114 

magnetic 107 

Angite 350 

Auric  acid  and  oxide 370 

Auric   and    an  runs   com- 
pounds   369 

Anstralene,  or  Austratere- 

benthene   488 

Axes  of  crystals  - 260 

Axinite  .  ... 337 

Azaleina  746 

Axodiphenyl-dlamine 741 

Azotized  substances,  ana- 
lysis of 463 


Balsam* 

Banimmoninm 

Barilla 

Barium  and  it*  compounds 

Barium  ferrocyanide 

Barium  salts,  reactions  of 
325, 

Barley  sugar  

Barometer  39 

Baryta 

Bnso*    

from  aldehyde* 

amidogen 

of  the  ainyl  series 

from  animal  oil  

antimony 

aromatic  

arsenic  

from  coal-tar  oil 

obtained  by  destructive 
distillation 

of  the  ethyl  series 

imidogen 

artificial,  containing 
mercury 362, 

diatomic,  of  the  phos- 
phorus and  arsenic 
series 

of  the  methyl  series 

nltrile 

organic 

phosphorus 


790 
311  > 
301 
323 
708 

332 

686 
,41 
324 
132 
750 
733 
788 
748 
761 
739 
762 
748 

748 
705 
733 

709 


FACT 

.. ss* 

Bativry,  constant ~  252 

Butwen's ~  254 

Danieil's - 2S2 

Grove's ...  253 

Smee** -~  254 

Wollaston's  » 252 

Bauine'*  hydrometer  ...._S27— * 

Bay  salt  ...  300 

Bebeerine -  760 

Beer _  &19 

Beet-root,  sugar  from  —  6*4 

Bell  metal  356 

Bengal  light -  421 

Benzamide  —  773 

Benzene  or  benzol..........  493 

additive  compounds  of. ~  496 

homologue*  of. -  493 

substitution-products  of  494 

Benzoate*~ _  634 

Benzobelicln .._....  5fc2 

Bensoic  acid  _  623 

Benzoic  aldehyde .........  ~  t33 

Benzoic  chloride 635 

iodide - 635 

oxide 635 

peroxide........ — ........  636 

sulphide 636 

Benzoin 634 

Benzol .. ..  493 

Benzoline - 750 

Benzone  699 

Benzonitrile 710 

Benzophenone 699 

Benzosalktn  582 

Benznyl-compound* 635 

Benzyl  alcohol „  648 

Bonzylamine 743 

Berberine 760 

Berthollet's     fulminating 

silver .. 321 

Beryl 337 

Beryllia* S38 

Beryllium ~  337 

Betaorsellic  acid 786 

Bezoar  stones  ~ 814 

Biamylamine 739 

Bil«»ic  acids 282,  666,  66S 

Bichloraniline 741 

Blchlorethylamine 735 

Bichlorittatin 741 

Biethyliimiue 738 

Biethylaniline 742 

Biethyl-phenylamine 742 

Biethyl-urea      736 

Biliary  calculi M4 

Bile 811 

Pettenkofer's  test  for...  813 

Bilin 8i;J 

Biliverdin 813 

Bimethylamine 73* 

Binary  theory  of  salts 3S3 

Binitranisidine 651 

Binitrnniflol 651 

Bi nitrobenzene 44> 

Binitrophenol 652 

Binitrotoluene i'St 

Biscuit 396 

Bismethyl  767 

Bismuth     and    it*    com- 
pounds   4.7 

reactionsof  429 

Bismuthic  acid  4*28 

Bisulphide  of  carbon 20*2 

Bitter-almond  oil„ C90 
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Bitumen 606 

elastic 606 

Bivalent  element* 331 

Blaat  furnace 402 

Black  flux 426 

Bleaching 180 

Bleaching  powder  .. 330 

testing  its  value 831 

salts 185 

Blende 361 

Bli«tered  steel 404 

Blood 805 

arterial 805 

circulation  of  the 805 

composition  of  the 806 

corpuscles  806 

discs 806 

globules 806 

scrum  of 806 

venous 806 

Blowpipe  - 175 

Blue  ink 708 

sympathetic 407 

Blue  light  421 

Prussian- 707 

Turnbull's 708 

Bohemian  glass 345 

Boiler*,  deposits  in 229 

Boiling  point 58 

Bones M 810 

Borax  309 

Borethyl 767 

Boric  oxide  and  acid 208 

Borneol 646 

Borneo  camphor 640 

Boron   208 

chloride 209 

fluoride 209 

nitride 209 

Boyle's  law 39 

Brass 356 

Braunite 411 

Brazil-wood 784 

Bread 626 

Brewing 619 

Britannia  metal 421 

British  gum 691 

Bromaniline  742 

Bromanisal 695 

Bromethyl    triethyl-phos- 

phonium  bromide 767 

Bronihydrins 668 

Brontic  acid 188 

Bromides,  metallic  275 

Bromine 188 

Bromimtin 783 

Bromobenzcnes 494 

Bromoform 6'6 

Bromo-Halicylol 694 

Bmniotoluenes 497 

Bronze 36<> 

Brookite 393 

Brown  coal 605 

Bnirine 756 

Bunscu's  battery 254 

burner 177 

Burette 805 

/    Burmese  naphtha 507 

Butter   620,  816 

of  antimony 418 

Butyl  alcohols  and  ethers  532 

Bntyl  cyanide 710 

Butylamine 749 

Bntyleue 4*0 

Butylene  alcohol 666 


PAGS 

Butyl-glycol  666 

Butyric  acid 616 

ethers  ~ 617 


Oacao  butter 

Cacodyl  

chloride 

cyanide 

iodide  

oxide 

sulphides 

trichloride 

Cacodylic  acid  

Cadet's  fuming  liquid 

Cadmium  and  its  com- 
pounds  

salts,  reactions  of. 

Caesium 

Cwsium  alum 

Caffeine .. 

•murexi-to 

Calamine 

Calcium  and  its  com- 
pounds  

carbonate 

chloride  

fluoride 

oxalate... 669, 

oxide 

phosphate  328, 

phosphide  

salts,  reactions  of. 

sulphato  

sulphides 

Calculi,  biliary 

urinary 

fusible  

mulberry ...... 

Calomel 

Calotype  process 

Camphene 

Camphol 

Camphor 

of  Borneo 

Canada  balsam 

Cane-sugar 

compounds  of 

Candle,  flame  of 

Caoutchin  

Caoutchouc 

mineral  

Caoutchoucin  

Cnmmel 

Carbamicticid 314, 

Ctirbumic  ethers  

Carbamide 314, 

Carbides  of  hydrogen.  K9, 

of  iron 401, 

Carhimide 

Carbinol 

Carbon  

chlorides 187, 

bisulphide 

compounds  with  oxygen 

with  hydrogen 169, 

estimation    in    organic 

bodies  

Carbon  oxy chloride 

sulphoehloride 

Carbonates 168, 

analysis  of 


PAGI 

Carburetted  hydrogen 

light 169 

Carbo-diphenyl-triamine...  745 
Carbonic  acid 168,  648 

ethers 649 

Carbo-triethyl-triamine ...  769 
CarLo-triphenyl-triamine..  745 

Carbyl   sulphate 518 

Carmine 787 

Carminic  acid 787 

Carrier's  hydrometer 828 

Carthamin 788 

Carragheen  moss 692 

Casein 794 

Cassava 692 

Cassius,  purple  of. 371 

Castor-oil 640,  652 

Catalysis 240 

Catechu (173 

Catechin €73 

Cavendish's  eudiometer...  144 

Cellulose „  692 

Cements 327 

Cerasin 688 

Cerite 340 

Cerium 340 

Cerotates 626 

Ceroteno 480 

Ceryl  alcohol 643 

Cetene 4e0 

Cetvl  alcohol 642 

Chalk 328 

stones 724 

Chameleon,  mineral 413 

Change  of  state  produced 

by  heat 55 

Charcoal,  snimal  and  vege- 
table    165 

Cheese-making 795 

ChemicMl  philosophy 219 

rays  of  the  solar  spec- 
trum     96 

Chimneys,  action  of. f3 

Chinese  wax 643 

Chinoline 748 

Chinol hie- blue 748 

Chinoidine 7  ft* 

Chitin 880,  8(3 

Chloral 817,  688 

insoluble (88 

ChloiHiiil  681 

Chloraniline 741 

Chlorates  186 

Chlorhydrins 668 

Chlorides,  metallic 273 

organic  468 

Clilorimetry  331 

Chlorine 189 

action  of,  on  organic  bo- 
dies    463 

compounds  of,  with  hy- 
drogen    181 

with  nitrogen 187 

with  carbon 187 

with  oxygen 183 

estimation    in    organic 

bodies M  457 

Chlorisatin 741 

Chloritcs 185 

Chlorobenzencs 494 

Chloroform 667 

Chloropirrin 653 

Chloroqninones 680 

Chlorowdlcylol 094 

Chlorotoluenes 496 
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Chlorous  or  add  elements  252 

Cholepyrrhin *13 

Choletterin  . —  655 

hydrocarbon  formed  by 

dehydration  of 655  > 

Cholestrophaae —  757  | 

Chondrln 801  ; 

Cbromttes  ..... -  439  ', 

Chrome-yellow 440  ' 

Chromium ...  437  | 

chloride* 437  , 

fluorides  ........  438 

oxides 438 

oxyehlorides  M  440  \ 

salts,  reactions  of 440  , 

Chrysanlline 747 

Chry*ene -  605 

Chrysobcryl ...  838 

Chrysolite 350 

Chyle 815 

Cinchoniclne 7*6 

Cinchonidlne ........  755 

Cinrhonine .  754 

Cinchovatine 756 

Cinnabar 361 

Cinnainein ~  641 

Cinnamene M 601 

Cinnamon,  oil  of 640 

Cinnyl  alcohol 554 

cinnamate 641 

Circular    polarisation   of 

light 93 

Circulation  of  the  blood.  805 

Citramide „  780 

Citrates 678 

Clarifying  wines  and  beer  802 
Clnssiflottion  of  metals...  271 

organic  compounds 464 

Clay » 336 

ironstone...... -.  400 

Cleavage 257 

CoaI 505 

gas  170 

C«*al-tar  creosote  650 

G><tl-tar.    volatile    princi- 
ple* of. 493 

Cobalt  407 

ammoniacal  compound* 

of 408 

Cobalt-glance  407 

Cofetlticvanides 709 

Cobalt-salts,  reactions  of.   409 

Cobalt-ultramarine 409 

Coccus  cacti  .....   7*7 

Cochineal 787 

Coco*  oil -  620 

Codeine  .....  753 

Cohesion 239 

Coke 165 

Colchicine  756 

Cold  produced  by  evapora- 
tion     68 

Collidlno 749 

Collodion 694 

Colloids .. -  149 

Colophette    489 

Colophony 790 

Coloring    principles,    or- 
ganic - 781 

Columbian!  or  Niobium...  634 
Combination  by  volume...  228 

by  weight 219 

Combustion !"- 

furnace 
beat  of. ...... 


Compass,  mariner's ........  10? 

Compound  ammonias......  732 

radicals  237 

Condensation  of  gases  and 

vapors    .. 63,  66 

Conduction  of  heat 62 

Conductors  of  electricity .  116 

Oonhydrins 760 

Conine „ 760 

Constancy  of  composition  219 

Constant  battery 252 

Constitutional  formal**....  231 

Contact  action _.  240 

Contractile  substance 818 

Copaiba  balsam. 790 

Copal ...  790 

Copper 353 

acetates ~ 609 

alloys    356 

arsenlte 355 

carlionates M  355 

chlorides -  364 

compounds,     ammonia- 

eal 356 

ferrocyanide .. 708 

nitrate 355 

oxides 354 

pyrites 363,  356 

salts,  reactions  of.. 856 

sulphate 355 

sulphides  ~ 355 

Cork-borer  » 137 

Corn-oil 638 

Corundum. 334 

Corrosive  sublimate _.  368 

Cotaraine 763 

Cotton-xyloldin..... 693 

Coumaric  acid ..  696 

Cotimarin 694 

Cream  .. 691 

of  tartar 674 

Creatin 759 

Creatinine 759 

Creosol  5»3 

Creosote .550,  563 

Cresol 553 

Crowu-glass ~ 345 

Crucibles m  347 

Cryolite 334 

Cryophorus 68 

Cryptidine 748 

Crystalline  forma 267 

Crystallisation 267 

Crystallisation,  water  or...  147 

Crystalloid*  149 

Cubeba,  oil  of. 491 

Cudbear 785 

Cumidine ~ 739,  743 

Cumin  oil 691 

Cumlnol .. 691 

Cumene 499 

Cnpric  and  cuprous  com- 
pounds    364 

Cuprosovinyl  oxide 486 

Curarine 760 

Curd .. 795 

Cyamelide  712 

Cyananillne 742 

Cyanates 713 

Cyandiphenyldiamlne 745 

Cyanides,  alcoholic. 710 

metallic .277,  704 

Ine 748 

.397 
.700 


Cyanogen: 

bromide .........  OTMM.. . 

chloride ............. ._. 

iodide     

sulphide 

Cyantriphenytdiamine .. 

Cyanurates ._ 

Cymene _..._...., 

Cy  midine ~ , 

Cymyl  alcohol .............. 

Cymophane .....  —~. — .. 

Cystic  oxide ... 


FAT.I 

...  716 
...  716 
...  716 
...  717 
...  74a 

—  714 

—  499 

—  739 
....  649 
...337 
...  S10 


Daguerreotype  —........._ 

Dal  ton's  table  of  the  ten- 
sion or  aqueous  vapor... 

Dammar-resin 

Duniells  battery. - 

pyrometer 

Daturine.. „._-.... 

lH*vy  lamp 

Decane „ 

Decay .. ............ 

Decene «......— 

Declination,  magnetic  ...... 

Decolorisatkra    by   char- 


Decoraposition,     electro- 
chemical  

Dehydrating   agents,   ac- 
tion of,  on  organic  bodies 

De  U  Rive's  floating  bat- 
t«ry 

Delphinine 

Density 

maximum.. ... 

of   vapors,    determina- 
tion of 

Dew MM. ...... 

Dew-point. .. 

Dextrin ..... 

Dfx  troglucose... ... ... ... ..... 

Dextrose .. 

Dextro-tartaric  acid... 

Dialietes. 575, 

Diacetaraide 

Diacetin 

l'iallyl 

Dialysis 

Diamagnetic  bodies... ...... 

Diamines . 

Diammonio-platink 
pounds _ 

Diammonio-platiuous  com- 
pounds  « 

Diamond... «. 

Diastase .619,  677, 

Diathermancy ...  M M 

Dibenioyl..... M .. 

Dibensyl _ 

Didyminm 

Dletbenic  alcohol 

Diethenediamine 

Diethene-dibromide,    sul- 
phuric   

Diethenetriamine 

Diethyl  -  diethene  -  dibro- 
mide,  sulphuric 

Diethyl-ethene-diammoni- 
um  iodide ~ 

Diffusion  of  gases 

Diffusion  of  liquids 

Digestion...  ~ ~ « 


790 
253 
47 
760 
178 
477 
463 
480 
109 

165 

246 

463 

123 
760 


459 

101 
65 

690 
575 
575 
674 
** 
773 
611 
487 
148 
110 
743 

.-  376 

377 
164 
591 
102 
636 
603 
340 
662 
743 

771 
744 

771 

744 

137 
148 
822 
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PA01 

Digtaeosic  alcohol*.- 683 

Dimercuraiiimonium  salts  3(12 
Dimethyl-ethyl-beusene...  499 

Dimorphism 257 

Diphenyl 603 

Diphenylaniine 742 

Diphenyl-ethene-diamine..  744 
Diphenyl-ethene-triamiue,  744 

Dippel'soil ~ 748 

Disacry)....~ 816 

Disinfection 831 

Disposing  Influence. 240 

Dissociation 461 

Distillation el 

dry  or  destructive. 462 

Diterebene 489 

Double  refraction 91 

Double  salts M 282 

Dragon's  blood 790 

Ductility  of  metals 269 

Dulcite 673 

Duodecane  _..  477 

Dutch  liquid 658 

Dyads .. ...  331 

Dyes,  yellow 7S9 

Dyeing 781 

Dynamical  theory  of  heat    78 
Dyslysin .. 812 


Earthenware ....-._.. 347 

Earth-metals — ~ ~.  333 

reaetJonsof. 313 

Ebonite 491 

Kbullition 67 

Effervescing  draughts.......  675 

Effusion  of  gases 140 

Egg  albumin 794 

Egg,  white  of 794 

Elaldin 629 

Elaldehyde 687 

Elastic  tissue 818 

Electric  battery 119 

current 119 

heat  developed  by 266 

Electric  discbarge. 116 

Electric  eel 122 

machines 117 

Electricity,   positive   and 

negative 114 

of  vapors 126 

Electrochemical    decom- 
position   245 

Electrodes 245 

Electrolysis 246 

Electrolytic     decomposi- 
tion, definite  amount  of  24S 

Electrolytes. 245 

Electro-magnetism. 122 

Electro-motive  power 249 

Electro-negative  and  elec- 
tro-positive bodies _  261 

Electrophorus 119 

Electro-plating 255 

Electroscope 106 

Electrotype 254 

Elementary  bodies,  table 

of. 127 

symbols  of 226 

Elements 127 

Elements,  classification  of, 
according  to  equiva- 
lent value.. 236 


Elements :                         paqs 
monogenic  and    poly- 
genic   222 

Emery - 334 

Emetine 760 

Emodin .. 787 

Emulsin  679 

Epichlorhidrin ..  669 

Epidermis 803 

Epithelium 803 

Epsom  salt 349 

Equivalency,  variation  of..  233 

Equivalents,  law  of. 221 

Erbium   242 

Eremacausis. 463 

Erythrite 673 

Essence  of  turpentine 488 

Essential  oils 492 

Ethalic  alcohol 642 

Ethane .. 467,  476 

Ethene 170,  481 

Ethene  alcohol  or  glycoL.  556 

Ethene  bromide 6t0 

chloride  658 

cyanide 711 

iodide 660 

oxalate .. „...  -660 

oxide   „ 660 

sulphide 660 

Ethene-diamlne -    743 

Ethene  -diammoniura    io- 
dide   744 

Ethene-hexethyl    dipbos- 

phonium 767 

Ethene  -  hexethyl  -  phos  - 

pharsonium 767 

Ethene  -  tetrethyl  -  phos- 

phammoninnt 767 

Ethene  -  triethyl  -  phos  - 

phammonium —  767 

Ethereal  salts -  469 

Etherification 624 

Ethers,  compound 469 

diatomic 666 

hexatomk 672 

monatomic 610 

pentatomic 672 

tetratomic 671 

triatomic 6f6 

Ethides,  metallic 768 

Ethyl  acetate 610 

borates 628 

bromide - 622 

carbamate 776 

carbonates ~ 649 

chloride 622 

cyanate 714 

cyanide 710 

cyanurate 714 

formate 606 

isosulphocyanate 719 

nitrate 626 

nitrite 626 

oxalates 660 

oxamate 777 

oxide 523 

palmltato 622 

peliirgonate 620 

phosphates 628 

silicates „  629 

stearate 625 

sulphates 626 

sulph-hydrate -  629 

sulphides  630 

sulphites 627 

sulphocarbonates 660 


Ethyl :  paok 

sulphocyanate ~  719 

tartrates 676 

telluride MM 791 

xanthate 661 

Ethylacetamide. 773 

Etbylamine M 736 

-urea 736 

Ethyl-ammonia 736 

Ethyl-arayl-phenyl-ammo- 

nium  iodide 742 

Ethyl-aniline 742 

Ethyl-benzene  M 498 

Ethyl-codeine ,  764 

Ethyl-conme w 760 

Ethyl-methyl  oxide 626 

Ethyl-oxamide 778 

Ethyl-phenylamine 742 

Ethyl-toluidine 742 

Ethyl-ealicylol 694 

Etliyl-etrychnine  «.... 766 

Eucalyn M • 678 

Euchlorine 186 

Euchrone. 666 

Eudiometers.. 144 

Euclase 337 

Euxanthone 789 

Evaporation 62 

cold  produced  by. 68 

Evernia  pniLastri.. -  786 

Excretin.... - 804 

Exoemose 160 

Expansion  by  heat 42 

of  liquids - 48,  60 

of  gases  M ...    61 

of  solids 46 

of  water  M MM 60 


Fat,  origin  of,  in  the  ani- 
mal body 826 

Fats, 666,  623,  626 

Fatty  acids - 597 

Feathers .. 803 

Fecula .. 689 

Felspar ~ 836 

Fermentation.... 463 

butyric M 617 

lactic 646 

vinous  » M 618 

Ferments 463,  646 

Ferrates 399 

Ferric    and    ferrous  com- 
pounds H 898 

reactions  of. 401 

Ferricyanides 709 

Ferrocysnides  706 

Fibroin MB 

Ficus  rubriginosa.  resin  of  649 

Fire,  blue 421 

-damp 178 

red  and  green 326 

Flame,  structure  of..  .172,  176 
Fleitmann     and     Hcniie- 

berg's  phosphates 287 

Flint-glass £44 

Fluids,  expansion  of. 48,  61 

Fluorescence 91 

Fluorides,  metallic 276 

Fluorine 192 

Fluor-spar 327 

Food f22 

Formates ~  €05 

Formulas 226 
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Formula:  paoi 

constitutional. 281,  474 

empirical  and  molecular  467 
graphic  and  glyptic  ....    231 

rational . 281,  472 

ForntyHuiUliie. ... 744 

Frangulin 671 

French  weight*  and  meas- 

urea .887,  888 

Frigoriflc  mixture*. 60 

Fruit-sugar - 887,  838 

Fuchsine . 746 

Fucusamide 690 

Fucuaine 606 

Fucusol .  696 

Fulminate* -  714 

Fulminating  diver ...  321 

Fnlminnratea ..  716 

Fumarimkle  779 

Fuming  liquor  of  Llbayiua  390 

Furfui-amlde. 606 

Furrorine -  606 

Furfurol 695 

Furnace,  reverberatory...  173 
Furnace  for  combustion...  461 

Fusel-oil 636 

of  grain  spirit 637 

Fusibility  of  metals 268 

Fusible  calculus.... 810 

Fusible   metal 429 

Fustic  wood... 789 


Oadollnlta .337,  342 

Galactose . 678 

Galena 394 

Gallatea 671 

Galls,  nut- . 672 

Galvanised  iron...... 362 

Galvanism . 119 

Galvanometer 103,  122 

Garancln 788 

Garlic,  oil  of. 646 

Garnets .  337 

Gas,  coal  and  oU -  170 

oleflant . 170,  667 

battery -  266 

burners 177 

Gas   furnace   for  organic 

analysis 461 

Gases,  absorption  of.... 139,  160 
capillary    transpiration 

of 140 

collection  and  preserva- 
tion of. 129 

diffusion  of. 137 

effusion  of 140 

eudiometric  analysis  of  166 

expansion  of. 61 

liquefiictiou  of 66 

occlusion  or  140 

osmose  ot 138 

physical  constitution  of    36 

specific  gravity  of 132 

specific  beat  of 71 

Gas-holder. 130 

Gastric  juke 811 

Gaultheria     procumbens, 

oil  of. . 664 

Gelatin 801 

Getatiitaugar 801 

German  silver...— 407 

Geyser  springs  of  Iceland  168 
Gilding ..... 871 


PAOi- 

Glass 344 

soluble 346 

Glauber's  salt 307 

Gliadln 823 

Glow-lamp 143 

Glucinum 337 

Glucoses 674 

Glucosides 678 

Glue 802 

Gluten 823 

Glutin 823 

Glycerin 666 

tilycide. 669 

Glyco-cholic  acid 644 

Glycogen ..  694 

Gljco-hyocholic  add. 813 

Glycocine 614,  801 

Glycocol 801 

Glyrollamide 774 

Glycols 666 

I  Glycoluril 725 

Glycosine 692 

■  Ulvcyrrhiiln 680 

1  Olyoxal 692 

Glyoxaline 692 

I  Glyptic  formula; 231 

.  Gold  and  its  compounds...  369 

I      cyanide  of. 706 

Gold-leaf 371 

•salts,  reactions  of .  370 

•standard  of  England...  371 

Goniometers 268 

Goulard  water..............  609 

Granite 836 

Grape-sugar 676 

!  Graphic  formula) 231 

I  Graphite 164 

I  Gravitation 36 

Gravity,  specific 27 

I      of  gases 132 

of  metals 27 

of  vapors 469 

I  Green  fire 326 

,  Qreenockite 363 

Green  salt  of  Magnus 376 

j  Groups,  isomorphous.......  266 

'  Grove's  battery 263 

gas-battery 266 

Guaiacol 663 

Guanidine 768 

Guanine..... 768 

Guano 724,  826 

Gum 688 

arable 688 

bentoln 634 

BritiHh 691 

of  cherry-tree 688 

tragaranth..... 688 

Gun-cotton 693 

Gun-metal 366 

Gunpowder _ 294 

Guttapercha 491 

Gypsum...... 328 


Hsunatin 799 

Hjematlte 399 

IliematocrystalUn -.  798 

HiematoxyUn 789 

Hssmln  crystals 800 

HsBinoglobin. 798 

Hahnemann's  soluble  mer- 
cury....   883 


N01 

Hair 803 

Halittw -  806 

Halides,  acid 469 

Haloid  ethers .  4*8 

Haloid  salts .  281 

Hardness  of  water -  328 

permanent 828 

temporary. 329 

narmallne. _  766 

Harniine 756 

Hatchetin 607 

Hausmannite -  412 

Heat,  absorption  of....l01,  106 

animal 821 

capacity  for 69 

conduction  of. ..    64 

developed  by  the  elec- 
tric current -  266 

dynamical  theory  of. 77 

expansion  produced  by.    42 

latent,  of  fusion 66 

latent,  of  vaporization.    67 
mechanical  equivalent  of  75 

radiation  of. 99 

reflection  of. .    99 

relations  of,  to  chemi- 
cal affinity 241 

sources  of. 74 

specific 69 

transmission  of. 102 

Heavy  spar 324 

Helicin 582 

Ilelvite _  337 

Hrmlhedral  crystals 2€3 

Hemmim/s  safety-jet..  141,  179 

Hcpar  sulphuris 298 

Hepty  I  alcohols  and  ethers  639 

Ileptylene. 480 

Henlandite. 337 

Heveene 491 

Hexads 231 

11  exethyl-etliene-diammo- 

nium  Iodide 744 

Hexyl  alcohols  and  ethers  639 

Hexyl-carbinol 641 

Uexylene 480 

hydrate 480 

Hofmann's  gas-furnace  for 

organic  analysis 451 

Homologous  beries 466 

Honeystone 665 

Hops,  oil  of. 620 

Hornblende _  350 

Horn  silver 319 

Horny  substance. 802 

Huano 724 

Humus 686 

Hydnntoln 725 

Hydrates 147 

of  turpentine  oil 489 

Hvdrides  of  alcohol-radi- 
cals   478 

Hydriodic  acid 189 

Hydrobeniamide 690 

Hydrobromic  scid 188 

Hydrocarbons,  table  of....  467 

Hydrochloric  acid 1H 

Hydrocyanic  acid 701 

Hydroforricyanic  acid......  709 

Hydroferrocyanic  acid....  708 

Hydrofluoric  acid 192 

Hydmfluosilicic  acid 210 

Hydrogen* 136 

antimonide 419 

423 
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Hydrogen :  pagb 

bromide...... 188 

carbides 169 

chloride   181 

combination    of,    with 

oxygen ...  140 

dioxide 163 

estimation  of,  in  organic 

bodies 448 

ferricyauide  709 

ferrocyanide 708 

fluoride 192 

monoxide 143 

phosphides 216 

selenide -.  205 

sulphides 200 

telluride 207 

typic -  695 

Hydrogen  salts 133 

Uydromellone  ..... 718 

Hydrometer 32 

Hydrometer  tobies 827,  828 

Hydrosalicylamide  693 

Hydroselenic  acid 205 

Hydrosulphuric  acid 200 

Hydroxyl 237 

Hygrometer,  dew-point....    69 

wet-bulb- 65 

nyosryamlne 760 

Hyodyslysin 814 

Hypophosphites -  214 

Hyposnlphates 149 

Hyposulphites 199 

Hypoxanthine 758 


Iceland  moss...... 692 

Jdrialin 607 

Idryl  607 

Ignition 173 

Imides 471,  773,  775 

Imidogen-bases 237,  733 

Incandescence 173 

Inclination,  magnetic 109 

Incrustations  in  boilers...  2*29 

Indian  yellow 789 

India  rubber 491 

Indican 683 

Iiftliglncln 583 

Indigo 583,  781 

red... 782 

vat 782 

white  or  deoxidized 782 

Indin 783 

Indium  416 

Induction  coil 126 

electric 115 

electromagnetic. «.  124 

magnetic 108 

Ink,  label 790 

blue,  sympathetic 407 

Inosite 578 

Inulin 692 

Inverted  sugar 585 

Iodic  acid  190 

Iodides,  metallic 276 

Iodine 188 

action    of,   on    organic 

bodies   464 

and  nitrogen 191 

and  oxygen 190 

chloride  191 

Iodoform  !M 

Iridium 382 


Iridium:  page 

aiumoniacal  compounds 

of 384 

salts,  reactions  of 385 

Iron 897 

acetates _ 609 

beuzoate 634 

carbonate 400 

chlorides 398 

iodides 399 

manufacture  401 

nitrates 401 

oxides 399 

phosphates  401 

salts,  reactions  of. 401 

.    sulphates 400 

sulphides 401 

Isatin 783 

Isathvde 783 

Isinglass 801 

Isobutyl  carbinol 636 

Isocyanides 711 

Isodulcite 574 

Isologous  series 467 

Isomeric  bodies   474 

Isomerism  in  the  olefins 

series  483 

paraffin  series 478 

Isomorphism 264 

Isoprene 491 

Isopropyl   479 

Isoproppyl    alcohol    and 

ethers 631 

Isopropyl-carbinol 633 


Jade 360 

Jet 605 

Jews' pitch 505 

Juice,  gastric 811 

intestinal 815 


Kakodyl,  see  Cacodyl ......  763 

Kellum 290 

Kaolin 337 

Kelp 189 

Keratin 803 

Kermes,  mineral.... 420 

Ketones 470,  696 

Kino 672 

Kir 607 

Kreatin,  see  Creatln 759 

KroMtinine,  see  Creatinine  769 
Krcoeote,  see  Creosote  550,  663 

Kupfernlckel 405 

K  van's  method  of  preserv- 
ing timber 368 


Labarraque's  disinfecting 

fluid 330 

Label  ink  790 

Lac 790 

Lac  dye 790 

Lactamide 047 

Lactates 647 

Lactic  acid 644 

Lactic  ethers 648 

Lactide 647 


FAOI 

Lectin ...... M  587 

Lactone 647 

Lactose 587 

Lake 781 

Lamp,  argand 176 

Lampblack 165 

Lamp,  gas- 177 

safety- 178 

spirit-  176 

without  flame 143 

Land  and  sea  breezes 101 

Lanthanum  340 

Lapis  lazuli 309 

Latent  heat  of  fusion 65 

vaporization  57 

Laughing-gas  -  159 

Laumonite 337 

Law  of  equivalents 221 

Law  of  even  numbers 232 

Law  of  multiples 220 

Laws  of  combination  by 

volume 228 

Laws  of  combination  by 

weight 219 

Lead 394 

acetates 609 

alloys 397 

carbonate 396 

chloride 395 

nitrate 390 

oxides ~ ~  395 

plaster 567 

red 396 

salts,  reactions  of. 897 

sugar  of. M 609 

sulphide 894 

tree 256 

vanadate 431 

white 396 

Leaven 620 

Lecanora  parella 786 

tartarea 785 

Lecanoric  acid. 786 

Legumln 824 

Lepidine 748 

Lepldolite 316 

Leucaniline 746 

Leucine ~ 619,751 

Leucoline 748 

Leucophane  337 

Levnlose 577 

Leyden  jar 118 

Lichens 785 

Liebig's  bulbs 451 

Liebig's  condenser 62 

Light 83 

blue  or  Bengal 421 

chemical  rays  of 96 

dispersion  of 86 

reflection  and  refraction 

of 83 

polarized 92 

velocity  of 83 

Lightning  rods 119 

Lignin 592 

Lignite 604 

Lime 327 

Lime,  chloride  of. 330 

Limestone 228 

Liquefaction  of  gases 66 

of  carbonic  acid 66,  167 

Liquids,  boiling  points  of.    57 

diffusion  of 148 

expansion  of. „ 48 

latent  heat  of 65 


852 


INDEX. 


Liquids:  paoi 

OUDOM  of . 149 

specific  gravity  of. 27 

volatile  organic,  analy- 
sis of. . 462 

Liquorice  sugar 680 

Litharge... 395 

Lithla 818 

Lithium .  316 

hydrate 316 

Lltmiia 786 

Loadstone .......107,  399 

Loaf  •agar 684 

Logwood. 789 

Lophine  760 

Luminosity,  conditions  of  173 

Lapalin . 620 

Langs M 821 

Lntidine 749 

Lymph  . .  816 


Madder  787 

Magenta ..  746 

Magnesia... 349 

alba 849 

Magnesium 347 

carbonate  ......... ...  349 

phosphates 349 

salts,  reaction  of 350 

silicates 353 

sulphate M.  349 

Magnetism 107 

Magneto-olectricity 124 

Magnus,  green  salt  of 876 

Malachite M  365 

M.tlamicacid 778 

Malamlde  779 

Malamyl-nitrile 779 

Malates 669 

Malleability  of   metals...  2t4 

Malting 619 

Maltose 677 

Manganates ~ 413 

Manganese 410 

chlorides .  410 

fluorides  411 

oxides  411 

salts,  reactions  of. ~  414 

Marsh's  test  for  arsenic...  427 

Manganite    411 

Manna  sugar 687 

Mannitan 673 

Mannite  672 

Mannitose 577 

Manures 824 

Maple,  sugar  from 684 

Marble 228 

Marc-brandy,  fusel-oil  of...  630 

Margarin 629 

Mariotte's   law 39 

Marl 337 

Marsh's  apparatus 427 

Marsh  gas 169 

Marsh  mallow 779 

Massicot 895 

Mastic 790 

Maure 745 

Mauvetne 746 

Measures - f/JJJ 

Meat •  ■•  8sB 

Merhnnical  equivnlent  of 

heat ^ 

Mecouln... <6S 


Meerschaum — 

Melam _. 

Melanilne 

MelaniUne .. 

Melene 

I  Melesitose.. 

i  Melitose.. 

'  Mellite  . 

Mellone 

Mellonides . 


PA0I 
.....  360 

720 

. —  720 

746 

......  480 

. 687 

687 

. —  666 

720 

721 

Membranous  tissue.........  818 

Membranes,  mucous .  816 

Mercaptan 610,  629 

methyl-  616 

Mercurammonium  salts...  362 

Mercuric  ethide 769 

Mercury . 367 

acetates 610 

chlorides 368 

cyanide 706 

fulminate 716 

iodides 869 

nitrates 360 

oxides. 360 

sulphates  ..... ....  361 

sulphides 361 

salts,  reactions  of. 863 

Mercury-compounds,  am- 

moniacal 362 

Meridian,  magnetic 109 

Mesityl  chloride. 699 

Mesltylene. 499,  699 

Mceotype 337 

Metacetone,  see  Proplone..  697 

Metacinnamene 501 

Metshsemoglobin 799 

Metalbumin .  798 

Metaldehyde 6n7 

Metallammoniums ..........  315 

Metalloids 127 

Metals 267 

chemical  relations  of...  270 

classification  of 271 

physical  properties  of...  267 

Metameric  bodies 475 

Metapectin -  688 

Metaphosphates 286 

Metastannates 392 

Metastyrolene 601 

Metaterebenthene 489 

Mctatungstates 442 

Metavanadates 431 

Meteorites 398 

Methane 169,  466,  474 

Methene 481 

Methenyl  ethers 665 

Methenyl  -dl phenyl  -  dia- 
mine   744 

Methide,  aluminium 760 

sine . 769 

Methyl :.- 478 

acetate 610 

alcohol 512 

bases. 737 

borate 515 

chloride 613 

ether 613 

iodide 613 

mercaptan 615 

nitrate .... 614 

oxide 513 

phenate 651 

phosphates 616 

salicylate 654 

silicates 615 


Methyl:  »*cs 

sulphates ..........  614 

sulph-hydrmte ...... ........  516 

sulphide 615 

Methylamine 737 

Methylammonia  _ 747 

Methylated  spirit. 618 

Methyl-bensene  -.„ 495 

Methyl-carbtaol  _  611 

Methyl  -  ethyl  •  amyl  -  phe- 

nylammonium 742 

Methyl-ethyl-benzene 499 

Methyl-ethyl-carbinol 534 

Methyl-glycoctue..  614 

Methyl -hexyl-carbinot..  641 
Methyl-ieopropyl-carbinol  638 
Methyl  mercaptan........  516 

Methyl-morphine..........  753 

Methytasnanthol... 641 

Methyl-salicylol 693 

Mica.. - 337 

Microcosmic  salt.........  308 

Milk 816 

spirit  from... . 688 

Milk-sugar 687 

Mindererns,  spirit  of......  608 

Mineral  chameleon.. 413 

waters,  tables  of... .832-335 

Molasses 584 

Molecular  actions...... 230 

Molecules 225,  230 

Molybdenite 445 

Molybdenum 444 

Molybdenum- salts,  reac- 
tion of. 445 

Monoacetin 611 

Monads 231 

Monamides 772 

Monamines 732 

Monobasic  acids...2S2,  597, 642 
666,676 

Monogens... — .. — 221 

Monostearin 624 

Mordants.. —  781 

Morindin 789 

Molindone 789 

Morphia  or  Morphine....  761 

Mortar. ..  327 

Mosaic  gold 392 

Mucilage 588 

Mucin — 800,  815 

Mucous  membranes  - 816 

Mucus 800,  815 

Mulberry  calculus.. 810 

Multiplier 123 

Multiples,  law  of. 219 

Murexan 732 

Murexide 732 

caffeine- 757 

Muriatic  acid 181 

Muscovado  sugar 684 

Mnst 618 

Mustard,  oil  of 719 

Mycose 587 

Myoomelic  add 729 

Myosin 796 

Myricin 643 

Myricyl alcohol. 643 

Myristicaotoba 621 


Naphtha 606 

Naphtha,  Burmese 507 

Naphthalene 602 
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Naphthalidine 743 

Narceine 764 

Narcogenine 753 

Narcotine 753 

Nefto-degll 507 

Nephelin 337 

Nervous  substance 818 

Neurine  803 

Neutrality  of  salts 283 

Nickel 405 

-wilts,  reactions  of. 406 

Nicotine  760 

Niobium 634 

Nitranlline 742 

Nitraniside 695 

Nitranbldine 651 

Nitranlsol 551 

Nitrates 159 

Nitre 294 

cubic 308 

sweet  spirits  of  626 

Nitric  acid 158 

action  of,  npon  amyla- 
ceous and  saccharine 

substances. 593 

acid,  fuming 161 

Nitrides,  metallic 162 

Nitrile-bases 470,  732 

Nitro- benzene* 495 

Nitro-cumene M  499 

Nitro-cymeue 500 

Nltroform 666 

Nitroglycerin  568 

Nitrogen   153 

chloride 189 

compound*  with  oxygon  157 

with  hydrogen.... 162 

with  boron   208 

dioxide  160 

estimation    in    organic 

bodies 453 

Iodide     191 

monoxide 160 

pontoxide 158 

tetroxtde 161 

trloxide 161 

Nitrolactin 588 

Nttro-naphthalenes 503 

Nitro-phenols M 652 

Nitro-prussides 70 J 

Nitro-thyniols. 554 

N I tro- toluenes 497 

Nitrous  acid 161 

ether 626 

oxide 161 

Nitro-xylenes £.....  498 

Nomenclature .a 132 

of  alcohols 512 

of  hydrocarbons 469 

of  salts 282 

Nonane .467,  477 

Noneoe 480 

Nonyl  alcohol 542 

Nordhausen  sulphuric  acid  196 

Notation,  chemical 225 

Nut-galls 672 

Nutrition,  animal 822 

plastic  elements  of 824 

vegetable 825 

0. 

Occlusion  of  gases 139 

OctHtntnonio-platinic  com- 
pounds   877 

72 
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Octane 467,  477 

Octene  or  octylene. 467 

glycol 556 

Octyl  alcohols  and  ethers.  541 

chloride 542 

carblnol 543 

OSnanthol  or  cenanthyllc 

aldehyde 679 

Oil  gas 172 

Oil  of  aniseed 695 

of  bergamot 491 

of  bitter  almonds 690 

of  cicuta 691 

of  cinnamon 691 

of  cloves 491 

of  copaiba 491 

of  cubebs  491 

of  cumin 691 

of  elemi 491 

of  garlic 545 

of  gaultheria   procum- 

bens 654 

of  Juniper 491 

of  laurel 491 

of  lavender 491 

of  lemon 491 

of  meadow-sweet 693 

of  mustard 719 

of  onions 546 

of  orange  flowers 691 

of  orange  peel 691 

of  ptychotis 654 

of  rosemury 491 

of  rue 689 

of  spiraa  ulmaria 693 

of  thyme   554 

of  turpentine 488 

of  vitriol 196 

of  wintergroen 654 

Oils,  drying  and  non-dry- 
ing  630 

volatile 491,  492 

Oleflant  gas 170 

Oleftnes   469 

compounds  of,  with  hal- 
ogens   482 

Oleins 629 

Olive  oil    629 

Opiammono 753 

Oplnnine 754 

Opium 751 

Orange-flowers,  oil  of......  691 

-peel,  oil  of 691 

Orcein 691 

Orcin 691 

Organic  bases 732 

chemistry,  the  chemis- 
try of  carbon  com- 
pounds    447 

substances,     action     of 

heat  on 462 

substances,  classification 

of 464 

substances,  decomposi- 
tion of 462 

substance*,  elementary 

analysis  of.    448 

substances,  synthesis  of  447 
Organo-metallic  bodies  471,  768 

Orpiment    424 

Orthophosphatcs 2H5 

0»mium     387 

Osmose  of  gases   138 

of  liquids   «  149 

Ossein 818 


PAOB 

Oxalates 659 

Oxalic  acid 657 

ethers 660 

Oxaim'thanes 660,  777 

Oxamethylano 661 

Oxamic  acid 659,  777 

ether 661,  777 

Oxamide        609,  778 

Oxanthracene 505 

Oxatyl 695 

Oxides 132 

alcoholic 469,  509 

metallic 278 

Oxygen  128 

its   action    on    organic 

compounds 462 

Oxygen-ethers 469,  509 

of  tho  glycols.  560 

of  the  jioiyglucoBic  alco- 
hols   589 

Oxygen-salts 133,  280 

Oxy-hydrogen  flame   and 
blowpipe 142 

safety-jet 141 

Oxyphcnol 562 

Ozocerite 507 

Ozone „ 136 


P. 

Palladium  278 

ammouiacal  compounds 

of  479 

Palmltins 622 

Palm-oil  622 

Pancreatic  fluid 814 

Papaverine 764 

Papyrin 693 

Paraban 729 

Paracyanogen 700 

Paraffin 477 

Paraffins 474 

substitution-products  of  478 

Paraglobin  706 

Parnglobulin 796 

Puralactates 647 

Paralbumin  795 

Paramagnetic  bodies 110 

Puramido 665 

Paramorphine 754 

Paramylcne 537 

Paranaphthalcne 505 

Pnmnilino 741 

Parapectin 688 

Parapeptono 795 

Parawu-charose 584 

Parchment  paper 593 

Parmelia  parietina 787 

Paviin 579 

Pearl-ash   296 

Pectin  .   688 

Pendulum,  compensating.    46 

Pentads 231 

Pentethyl-etheno-diammo- 

n in m  iodide 744 

Pepsin «X> 

Peptone 797 

Perrhloratcs - lv6 

Perauwfon-caps 715 

Perissads 231 

Permanganates 413 

Peroxide  of  chlorine * 

Persulphide  of  hydrogen 
Peru  balsam 
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Pernvin,  we  Cinnyl  alco- 
hol   .. .. 554 

Petalite 318,  837 

Petinlne 749 

Pi  ttenkofer's  bile-test 813 

Petroleum— 477 

Petuntse 347 

Pewter 421 

Phaseoniannrto  ..... 578 

Ph«-namylol 551 

Phenates  . — 551 

Phenetol  .... 551 

Phenol .. 550 

Phenols 550 

diatomic 662 

xylylic 553 

Phenyl   494 

Phenyl  alcohol 550 

bases  739 

chloride 551 

cyanide 710 

hydrate 550 

Phcnvlamine 739 

Phenyl-dibenxamide 773 

Phenylene   - ..  500 

Phenylene-diamine. 744 

PhenyJ-melanillne  745 

Philosophy,  chemical 219 

Phloretin 581 

Phlorizin 581 

Pbloroglucin 570 

Phorone 664 

Phosgene  gas  ..... .. M.  204 

Phosphates 285 

Phosphide  of  calcinm 332 

Phoaphiue 285 

Phosphiues   471,  760 

Phosphoretted  hydrogen..  215 

Phosphoric  acid 214 

Phosphorus 212 

amorphous 213 

-bases 604 

bromides 217 

chlorides 216 

estimation  of,  in  organic 

compounds 457 

hvdride 215 

hrfides ..  217 

selenides...... 218 

srilphides  .. 217 

Photography 96 

Phycite 671 

Picoline 748 

Picro-erythrin 785 

Pinacone 699 

Pinite  672 

Piporine 7C0 

Pitchblende 414 

Pitch,  mineral 505 

Plants,  supply  of  carbon  to  824 

Plaster  of  Paris..... 218 

Plate  glass 218 

Platinum 372 

ammoniacal  compounds 

of 374 

chlorides 873 

oxides 374 

silts,  reactions  of 378 

sulphides 374 

surface  action  of 142 

Pliitinnm-black 373 

Plnmongo 164 

Plumbethyl 770 

Plumbic •»-      ...  39* 

Pneur 
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Polarity,  chemical 251 

diamaguetic* 112 

electric  115 

magnetic .. .  107 

Polarisation  of  light 01 

circular 93 

Poles,  electric -116,  245 

Polybasic  acids 282 

Polyethenic  alcohols.......  561 

Polygenic  elements 222 

Polyglucosic  alcohols. 583 

oxygen  ethers  of.. .......  589 

Polyglycerin* .... 569 

Polymeric  bodies — -  475 

Populin 582 

Porcelain 346 

Porphyroxine .................  754 

Porphyry ..  336 

Potash 293 

cruds 296 

Potash-bulbs  450 

Potaasamnioniutn 311 

Potassio-ferrons  fcrricyan- 

ide 707 

ferrocyanide 707 

Potassinni 290 

acetate* 608 

alum 335 

bensoate 634 

bicarbonate 297 

bisulphite- 297 

bromide - 292 

carbonate .. 296 

chlorate 295 

chloride - 291 

cyanate 713 

cyanide 703 

ferriryanfde 709 

ferrocyanide 706 

formate 405 

hydrate 293 

iodide 291 

manganate 413 

mellonides. 721 

nitrate 29* 

oxalate 659 

oxides 292 

perchlorate 295 

permanganate - 413 

prussistes .706,  709 

sulphates 297 

sulphides 298 

sulphocyanate 717 

tartrates 674 

tetroxide 293 

urate 724 

Potassium-ethyl 7*'<9 

Potassium-methyl 769 

Potassium-salts,    reaction 

of 299 

Potassoxrl 237 

Potato-oil  535 

Precipitate,  red 360 

white 362 

Prehnite 837 

Pressure   of    the   atmos* 

phere 89 

Prism,  Nichols 93 

Proof  spirit 618 

Propnne 467,  475 

Propone 480 

Propene  alcohol,  or  glycol  656 
Propenyl  alcohol 666 

Pmnln* ggg 

."..'».*;..".".'  697 
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Proportions,  multiple-....  220 

Propyl « 478,  581 

Propyl  alcohol  - _ .  £31 

Propylamine.. 784 

Propylene,  see  Propene-..  480 

Propyt-phydte - 571 

Protagon... - 808 

Protein — 794 

Prussian  blue. . —  707 

Pnueiate  of  potash,  rod...  709 

yellow «....  706 

Prussicacid 701 

Pseudo-erythrin  ..._._...  786 

Pseudo-morphine 754 

Ptvalin 810 

Puddling.. .. 403 

Purple  of  Cassias..........  871 

Purpurate  of  ammonia....  732 

Purpurin .....  7*8 

Purree 7W 

Pnrrenone 769 

Pus .800,  815 

Putrefaction...................  468 

Pyin 800,  816 

Pyrene-.. ...... ,.....- .........  505 

Pyridine 749 

Pyrites 401 

Pyroacetic  spirit,  see  Ace- 
tone   698 

Pyrobensoliue 760 

Fyrocaterhin ~..~...  562 

PyrogalloU 570 

Pyrolusite _.-.«.-.  412 

Pyrometer. -.-.-....    47 

Pyrophorus  of  Homberg,.  336 

Pyrophosphates -.. 287 

Pyroxylin 593 

Pyrrol.. 749 


Quadrivalent  elements.....  381 

Quartane 467,475,  477 

Quartene 4*7,  480 

Quartene-glycol 556 

Qnartine 467,  487 

Quartyl 467 

Quartyl    alcohols    and 

ethers 532 

Quarts  210 

Quatuordfcane 477 

Quercetiu 587 

Quercite 572 

Quercitrin 181 

Quercitron  bark 581 

Quicksilver 357 

Quina ...  754 

Quindecane 477 

Qui  uhy drone 680 

Qninicine 755 

Quinidine 755 

Quinine 754 

Quinine,  amorphous........  755 

Qutnoidine 755 

Quinone 680 

Quinquivalent  element*.. .  331 

Qnintxne ...467,  477 

Quintene 467,  4€0,  482 

Quintene  glycol 556 

Quintenyl  alcohol 069 

Quintine 487 

Quintone —  488 

Qnintyl    alcohols    and 

ethers , 535 
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Radiation  of  heat — ..... 


Rangoon  tar. 

Realgar 

Red  fire.. 


Red  land 

Red  oxide  of  manganese-. 
RedueJug  agents,  action  of, 

on  organic  bodice......... 

Refining  of  pic-iron  ........ 

Reflection  of  heat 

of  light 

Refraction,  double........... 

of  light 

Reionch's  test  for  amenta. 

Rennet 

R**i«taes .....  . — —....... 

Re*ins  

Resin  of  Ficus  rmbigimma 

Respiration 132, 

Retene ......  ........ ........... 

Retlnite 

Rererberatory  furnace  ... 

Rhodium 

River  -  water,  analyse*  of 


PAOB 

677 
99 
237 
507 
424  ' 
335' 
396 
412 


Salt: 


of  sorrel ««. 

Salt-cake  process.. 
Salts,  acid 


run  I 
J33,  280  ! 

659 

302 


.  2M 


466 

403 


Roccella  tlnctoria. ........... 

RoccelKnin 

Roclielle  aalt. 

Rock-oil..... 

Rock-salt 

Roman  alum 

Roaaniline 

Roseine 

Rue,  oil  of  ..... 

Rubin  tinctorum   . 

Rubiacln. 

Rnblacic  acid...... 

Rnbian 

Rubidium 

alum 

Rnby 

Riwt  . 

Ruthenium 

-salts,  reactions  of 

Rattle ~ 


91 
84 
427 
816 
237 
790  1 
649, 
820  ' 
605| 
608  i 
173 
380 
8*51, 
836 
786' 
786 
675 
606 
300 
336 
746  , 
746 
679  ' 
787  , 
788 
788 
788 
316 
3:16, 
334 
398  . 
385  I 
387 
393 


Saccharimeter ~.    93 

Saccharose 6S4 

Safety  lamp 178 

Sifflower  ..... -  788 

BaiTron 789 

Sago 692 

Sal-alembroth 368 

Sal-ammoniac ~  312 

Salep  692 

Salicin 681 

Salicylamlde 693 

Salicylic  acid 663 

aldehyde 692 

ethers   ......  664 

Balicylites ..... 693 

Snllcylol «92 

Salicylous  acid 692 

Saligenin 681 

Snliretin 6^2 

Saliva    811 

Salsola  soda. 301 

Salt,  common..... -  300 


binary  theory  of. 281 

constitution  of 133 

-.  281 

neutral 281 

Saltpetre 294 

8andarac...M....  __ 791 

Saponification.  _ ..  667 

Sapphire...-. ........  334 

Saroulactatea 647 

Sarcine —  768 

Sarcosine 614,  769 

Scagliola 328 

Srheele's  green 426 

Sea-water,  composition  of.  146 
Secondary  butyl  alcohol...  634 

phenvl  alcohols 660 

octyl  alcohol 641 

prnpyl  alcohol 631 

electrolytic   decomposi- 
tion   247 

Seggars  .... .... — . — ~  347 

9**ik'nette  salt   676 

Selenetted  hydrogen......  '."06 

Selenic  acid 205 

Selenides,  metallic. 289 

9  •leniocyanates 720 

Selenious  acid 204 

SHenite - 328 

Selenium    204 

Septivigintene 48u 

Series    homologous    and 

isologous 466 

Serpentine 350 

Serum  of  blood 8<»o 

8<*xdecene    480 

Sexdecyl  alcohol 54 J 

Sextine 487 

Sexvalent  elements 331 

Shale -  3*7 

Shellac 790 

Sikes's  hydrometer 828 

Silica.....  210 

Silicated  hydrogen 211 

Silicates  of  aluminium....  336 

of  magnesium 350 

Silicic  acid 210 

Silicic  ethers 615,  629 

SMcotnngstates 443 

Silicium  or  Silicon 209 

chloride 211 

flnoride 210 

hydride 211 

oxide 210 

Silver 317 

aceUte 610 

benzoate.... 634 

carbonate....,.—.- 321 

chloride 319 

cyanate 713 

cyanide 706 

cyanurato 714 

ferrocyanlde 709 

fluoride 319 

fulminate 714 

ltyposulphate 321 

hyposulphite 321 

iodide - 319 

oxide* 319 

ffulphate  320 

Silver-alum... 328 


PAOl 

Silvers*!!*,  reactions  of...  321 
Silver-standard  of  England  322 

Sinamine 720 

Sinapotine . . 720 

Sixe 802 

Skin 818 

Slate 337 

Smalt 409 

Smee1!  battery 254 

Soap 626 

Soap-stone. — 360 

Soda 301 

Soda-ash  process 302 

Soda-ash,  testing  its  value  303 

Sodammonium. 310 

Sodium .-  299 

acetate - 608 

bicarbonate «.  303 

biralphate.............. —  307 

borates  309 

bromide 301 

carbonate 301 

chloride 300 

cyanide  - 704 

ferrocyanide 708 

hydrate 301 

hyposulphite 307 

iodide - 301 

nitrate 308 

oxalate 669 

oxides* 301 

phosphates 306 

sulphates 307 

sulphides..... 309 

tartrates 676 

urate 724 

Solauine 769 

Solar  spectrum 86 

Solder  397 

Soleil's  saccharimeter 93 

Solids,  expansion  of 46 

specific  gravity  of 29 

Solubility  of  salts 147 

Soranjeo 789 

Sorbin 678 

Sorrel,  salt  of 659 

Spar,  calcareous 229 

Sparteine  700 

Spathosv  iron  ore 400 

Specific  gravities  of  metals  267 
gravity   of    solids   and 

liquids 27 

heat 09 

Speculum  metal 366 

Spectroscope 88 

Spectrum 86 

Spectrum-analysis 87 

Speiss  405 

Spermaceti 643 

Spirit,  methylated 618 

Spirit  of  Mludererus 608 

Spirit-lamp 176 

Spirits,  table  of  spec  gr. 

of 830,  881 

Spodumene .316,  337 

Spongin 803 

Spriugs 147 

Spring-water,  fresh,  analy- 
ses of 834,  836 

Stannltes,  metallic 391 

Stannethyls 770 

Stnnuic  and  stannous  com- 
pounds    390 

Stannic  etlildo... 770 

Stanuoso-stannic  ethic*        """ 
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Stannous  ethide 770 

Starch  5fr9 

Bute,  change  of,  by  hw(„    65 
Steam,  elastic  force  of.....    59 

Steam   bath -    60 

Steam  engine 60 

specific  gravity  of 146 

latent  heat  of 60 

stearic  ether* 625 

Stearin 025 

candle* 025 

Stearoptene 492 

Steatite ar>0 

Sleel    403 

BlilH-thyl   701 

Stickuic 790 

Stilbene 604 

Slllbite 337 

Stoneware 347 

Storax 791 

Strontium   and    its   com- 

pound* 325 

Strontium  salt*,  reactions 

of  .326,  332 

Strychnine 750 

Stvphnic  add 7«'J 

Styrmin 041 

Styrol  or  styrolene 601 

Sty  rone . 654 

Styryl  alcohol   654 

Sublimate,  corrosive 358 

Sublimation 01,  6.J4 

Substitution 225,  3W 

Succinates 662 

Sugar  684 

action    of   dilute    acids 

upon 686 

action  of  alkalies  upon.  6H6 

candy 689 

Sugar,  copper  test  for  the 

varieties  of. 676 

from  dialtetes    575 

Sugar  from  starch  or  dex- 
trin    675 

of  fruits 077,  585 

from  ergot  of  rye 5><7 

of  lead 6tW 

of  milk  687 

Sugar,  inverted 677 

Sugar-forming  ferments  in 

saliva bOl 

Sugar*,  action  of,  on  polar- 
ized light 575 

Sulphamic  acid    314 

Sulphanlsoiic  acid 651 

Sulphantimonateit 420 

Sulpliantiniouitcs 420 

Sulpharsenates  424 

Sulpharsenites ..  424 

Snlphione 247 

Sulphisathydo 7*4 

Sulphites .  196 

Sulpho-acidt 6*2 

Sulphobenzido 48,1 

Snlphocarbonic  ethers 650 

Sulphocyanatea,  metallic..  717 

Sulphocyanic  ethers 718 

Sulpliomolybdates 445 

Sulphophosphates 218 

Sulphotnngstates 443 

Bulphoviuates 626 

Sulphur 1»3 

allotropic  modifications 

of..... lf 

auratum -  * 


Sulphur :  paoi 

and  carbon..... 202 

bromides 204 

chlorides 203 

estimation  of,  in  organic 

bodies 467 

iodides 204 

oxides  and  oxygen  acids  194 
Sulphur-acids  and  bases...  289 
Sulphuretted  hydrogen....  200 

!  Sulphuric  acid 196 

ethers  614,  626 

Sulphurous  acid 195 

1      ethers 627 

Sulphur-salt* 289 

•  Surface  action  of  platinum, 

charcoal,  Ac 142,  166 

l  Sweat  811 

|  Svcocerylic  alcohol 649 

Svlvic  acid 7*K> 

Symbols,  chemical ......129,  330 

Hvnaptase 680 

Synthesis     of    organic 

bodies 447 

Synthetical     method     of 

chemical  research 142 

Syntonin 795 

Systems  of  crystal* 260 

T. 

Talc . 350 

Tun  nit  tea 672 

Tanning 818 

Tannins -  672 

Tan tili te 432 

Tantalum 432 

Tapioca - 692 

Tartar 674 

cream  of 674 

emetic ~  675 

Tartaric  acid 673 

Tartaric  ethers 676  | 

Tartrate*,  metallic 674 

Taurin 627 

Teeth  819 

Tellurethyl  771 

Tellurhvdric  acid 207 

Telluric  acid 207 

Tellurides . .  289 

Tellnromethyl 771 

Tellurous   acid 206 

Ten-carbon  phenols 665 

Tension  of  vapors 63 

Terbium 242 

Terebeno 489 

Terpenea 488 

Terpen  tin-hydrate 490 

Terpin 490 

Ter  pin-hydrate 490 

Terplnol 490 

Tertiary  butyl  alcohol....  634 

hexyl  alcohol 640 

Tetrachloroquinone 680 

Tetrads .231 

Tetramethyl  •  ammonium 

hydrate 738 

Tetramnionio  -  platinic 

compounds 377 

Tetrammonio  -  platinons 

compounds 376 

Tetramylammonium     hy- 

J-*-  v 739 

«    by- 
737 


rial 

TetrethyUethene-diamim*- 

uiutu  iodide 744 

Thallium    and    it*    com- 
pounds  . 306 

Thallium  salts,  reactions 

of 368 

Tbebalne 754 

Theine ~  766 

Theobromine 757 

Thermo  -  electrical    pbe  - 

nomena ~ 103 

Thermometer 42 

differential 45 

Thermomnltiplier 104 

ThiaMine 750 

Thiosinamine  ...............  720 

Thorina 339 

Thorinum  - 339 

Thorite 339 

Thujin -  682 

Thymol 654 

Tin 380 

alloys 382 

chlorides..... 390 

fluoride* 391 

oxides 391 

sulphides 392 

Tin-salts,  reactions  of..—  392 

Tincal    309 

Tinned  plate 392 

Tissue,   membranous 818 

ligneous 692 

Titanium 393 

Tolene 790 

Tolu  balsam 790 

Toluene 495 

Tolnidine 496 

Toluvlic  alcohol -  649 

Tonka  bean C94 

Trachyte 336 

Trade  winds 62 

Transmission  of  heat 102 

Transpiration  of  gaaes 139 

Travertin 229 

Triacetin.- 611 

Triads 231 

Trianiines 743 

Triatomic     alcohols    and 

ethers 666 

phenols 570 

Triamvlamine 739 

Tribasic  ncids 284,  669,  678 

Trichloraniline 742 

Trichloroquinoue 680 

Trichlorophenol 662 

Tridccane 477 

Triethene  alcohol 661 

Trietheue-triamiiie 744 

Triethylamine 736 

Triethylarsine 762 

Triethylhismuthtne 767 

Triethyl  -  diethene  -  diam- 

moninm  i<*lide 744 

Tricthylguanidlne 769 

Triethy  lphosphtne 761 

Triethylrosaniline 747 

Trlethylstibine 761 

Triethyl  Bulphurons  com- 
pounds   630 

Trigintone 480 

Trlgluco'dc  alcohol 683 

Ttlmerrurodianiine 303 

Triiitfthylcurbinol  634 

TrimethylpbuHphine 701 

Triiiitranisol 651 
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Tri nitrocellulose 594 

Triuitrophuuol 652 

Triphen>lamine  ..  742 

Triidienylcitrainide 7S0 

Triphenylrosaniliue 747 

Tripbylline 316 

Tristearin 625 

Trithionic  acid 199 

Trivalent  element* 231 

Troua 303 

Tube-atmoljBcr 138 

Tungsten •«....  441 

Turkeyred 788 

Turmeric 789 

Tiirnbull's  blue 709 

Turpentine 488 

hydrated  oil  of 489 

oil  of. 488 

Turpi  th  or  Turbeth,  min- 
eral  361 

Twaddell's  hydrometer....  828 
Type,  ammonia  ..315,  470,  733 
Type,  hydrochloric  acid...  373 
Type,  m&rsh-gas...464,  610,  598 
734 

Typo-metal 611 

Type,  water -..278,  596 

Typic  hydrogen 695 

Tyrosine 787 


U. 

Ulntin 686 

Ultimate  analysis  of  or- 
ganic bodies 448 

Ultramarine 309 

Undecane 457 

Uramile 730 

Urnmilicacid 730 

Uranates M  415 

Uranium 414 

Uranium-salts,  reaction  of  416 

Uranlte 414 

Urates 724 

Urea 713,  721 

Urethano 776 

Urethylane 775 

Uric  acid 723 

products  from 724 

Urinary  calculi 809 

Urine 807 

analysis  of 808 

in  disease 808 

coloring  matter  of 809 

Usnea  barbata. 787 

Usnic  acid 787 


Talerian,otl  of 492 

Valeric  or  valerianic  acid.  617 

Valeric  ethers 618 

Valeronitrile 710 

Valerylene 487 

Valylcno 488 

Vanadium 429 

Vapor  of  water,  tension  of    63 
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Vapor-densities,   anomal- 
ous  460 

Vapors,  determination  of 

the  density  of 459 

theoretical  density  of...  229 
maximum  density  of.....    64 

tension  of. 63 

Varec 189 

Variolaria 785 

Varvicite 412 

Vegetable  nutrition 824 

Yegeto-alkalies 751 

Venice  turpentine 790 

Venous  blood 805 

Ventilation 53 

Veratrine  or  Vcratria 756 

Yeratrol 664 

Verdigris 609 

Verditer 3o5 

Vermilion  361 

Vinous  fermentation 618 

Vinyl  alcohol 486,  643 

Vlolantin 731 

Vitriol,  blue 356 

green 400 

oil  of 196 

white 351 

Volatile  oils   in  general...  492 
isomeric  with  oil  of  tur- 
pentine   491 

Volatility  of  metals 269 

Volume,  combination  by...  228 

specific    229 

Voltaic  battery 120,  250 

pile,  chemistry  of  the...  245 

Voltameter 249 

Volta's  pile 121 


Wash,  distiller's 620 

Water 143 

analysis  of. 143 

distilled 146 

expansion  of,  by  heat...     48 

hardness  of 327 

of  crystallization 147 

maximum  density  of....    60 

not  an  electrolyte 248 

oxygenated 153 

solvent  properties  of.....  147 

synthesis  of 144 

tension  of  vapor  of 63 

type   278,  596 

sea-,  analysis  of 146 

spring  and  river-,  analy- 
ses of 834,  836 

Waters,  mineral,  analyses 
of R32,  833 

Water-vapor,  composition 
of,  by  volume 146 

Wax 642,  625 

fossil 607 

Weights  and  measures 836 

comparison    of   French 
and  English 837,  838 

Weights,  atomic 222 

table  of 226 


Weights :  pao« 

specific. 27 

Welding 398 

Whey 687 

White  lead 396 

White  of  egg 794 

Will    and    Varrentrapp's 
method    of   estimating 

nitrogen 456 

Wiuds 62 

Wine 519 

clarifying  of. 802 

Wire-drawing „  268 

Witherite 325 

Wolfram 440 

Wollaaton's  battery 252 

goniometer 258 

Wood-spirit 612 

Woody  tissue 692 

Wootz 404 

Wort 619 


Xanthamide 651 

Xntilhamylumide 651 

Xanthic  acid  and  ethers...  651 

Xanthic  oxide 757 

Xanthine 758 

Xunthorhamnin 583 

Xvleno 497 

Xylidino 739,  743 

Xvloidin 593 

Xylyl  alcohol 549 

Xyly lie  phenols 553 


Yeast 620 

Yellow  dyes 789 

Yttria 343 

Yttrium   242 

Yttro-tantalite 432 


Zaffre 409 

Zeolites 337 

Zinc 350 

alloys 352 

amalgamated 352 

carbonate 351 

chloride 361 

cyanide 705 

lactate 648 

oxide 351 

sulphate &S1 

sulphide 351 

-ethyl  or  zinc-ethide 768 

-methyl  or  zino-methide  769 

-oxyl 337 

•salts,  reactions  of 352 

Zircon 338 

Zirconia 338 

Zirconium 338 

■salts,  reactions  of. 343 
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